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Preface

The project on ““Vulnerability and Resilience of Social-Ecological Systems”, a member project of the RIHN’s
Ecosophy program, is now in its fourth of the five-year Full Research (FR4) status. RIHN’s research projects
have been organized by its dominant configurations into one of the five programs, i.e. Circulation, Diversity,
Ecohistory, Ecosophy and Resources. This fiscal year coincides with the first transitioning year into the
RIHN’s 2™ phase, the commencement of the RIHN’s Futurability Initiatives. The resilience project is
expected to contribute to a transition to the new initiatives.

During the FY2010, we completed surveys for the 3™ cropping season. The rainfall continued to be above
normal level for the last three consecutive cropping seasons. According to the Zambian government’s
forecast, the 4™ cropping season of 2010/2011, which just started, is also expected to have above normal
rainfall. Our field studies reveal that farmers diversify their plots by geographic locations to hedge against
risks associated with rainfall variations. Clearer pictures are emerging from our intensive survey data as to
how households vary their consumption patterns in response to the unexpected shock of heavy rainfall and
flood in December 2007.

In this year, we focused more on disseminating our project outcomes both domestically and internationally. In
October, four project members presented their research findings at the first GLP Open Meeting 2010 held at
the Arizona State University. In November, two members attended AIWEST-DR 2010 held in Indonesia’s
Aceh, a province suffering the hardest hit from the 2004 Indian Ocean’s tsunami. The main theme of the
conference was how to build community resilience. Also, we plan to attend the Resilience2011 Meeting at
Arizona State University as well as EnvironmentAsia Conference in March 2011 to build academic network
for potential international collaborations. In Japan, we organized a session at the JASID Meeting on resilience
and attracted a large group of audiences.

With the fourth year of the project coming to its completion, I wish to express my appreciations to our project
members for their efforts and contributions to the steady progress of our project. We also wish to thank all the
member of Project Evaluation Committee (PEC), the Director, program directors, administrative staff and all
the colleagues at RIHN for their kind support and for facilitating this integrated research program.

January 2011

Chieko Umetsu
E-04(FR4) Project Leader
Research Institute for Humanity and Nature, Kyoto, Japan
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SUMMARY OF RESEARCH OBJECTIVES AND CONTENTS

1. Research Objectives
The objective of this research is 1) to consider impacts of environmental variability on

vulnerability and resilience of human activities in the semi-arid tropics; 2) to study factors affecting
social-ecological systems and their recovery from shocks; 3) to analyze factors determining ability of
households and communities to recover from environmental shocks and the roles of institutions in
improving household resilience; and 4) to identify the factors affecting resilience of social-ecological
systems and ways in which the resilience of subsistence farmers in the semi-arid tropics to

environmental variability can be strengthened.

2. Background

A vicious cycle of poverty and environmental degradation, such as forest degradation and
desertification, is a major cause of global environmental problems. This is especially the case in the
semi-arid tropics (SAT) including Sub-Saharan Africa and South Asia, where a majority of the world’s
poor are concentrated. Within the SAT, communities’ livelihoods depend critically on fragile and
poorly endowed natural resources, and poverty and environmental degradation are widespread. People
in these regions depend largely on rain-fed agriculture, and their livelihoods are vulnerable to
environmental variability. Environmental resources such as vegetation and soil are also vulnerable to
human activities. To surmount these environmental challenges, human society and ecosystems must be
resilient to (recover quickly from) environmental shocks. Thus in this project we consider society and

ecology as one social-ecological system and empirically analyze its resilience.

3. Research Methods
a. Research Contents and Methodology

The research is organized into four themes focusing on different dimensions of resilience. Theme
I investigates the influences of ecological resilience on human activities by comparing soil properties
in different landscapes (e.g. valleys, hill slopes and plains), the types and histories of land use, and
agro-ecological succession. Theme II evaluates household resilience in risky environments in terms of
income-smoothing, consumption-smoothing, and nutrition status. Theme III focuses on the
institutional aspects of social resilience in the SAT. It examines how social, political, economic and
ecological changes shape social resilience. Theme IV clarifies the relationship between ecological

vulnerability, resilience and human activities, through investigations of historical and spatial changes



in land use and multi-level social-ecological systems.

b. Research Areas
The primary study sites are in the drought-prone Eastern and Southern provinces of Zambia,

Southern Africa (Figure 1).

4. Project Organization
Research Organization
The four themes interlink and thus provide a comprehensive assessment of resilience of
social-ecological systems
Theme I: Ecological resilience and human activities under variable environment
Theme II: Household and community responses to variable environment
Theme III: Political-ecology of vulnerability and resilience: historical and institutional perspective

Theme IV: Integrated analysis of social-ecological systems

5. Research goals in FY2010
During the FY2010, we continue household surveys and weather monitoring for the third
cropping season 2009/2010.
We refined and sharpened working hypotheses for our resilience empirical studies and proceed with
qualitative and quantitative analyses.
Factors controlling maize yields will be clarified from the field experiments in Eastern and Southern
Province. Those factors will be spatially evaluated in the study area of Southern Province.
The household survey, anthropometric measurements, and rainfall recording that were initiated in
November 2007 (the onset of the rainy season of 2007/08) in the project site in Southern Province of
Zambia will continue until November 2010. The analyses of the impact of rainfall variability on
household consumption and nutritional conditions will be extended covering two cropping seasons,
namely 2007/08 and 2008/09.
Multi-temporal and spatial change analysis caused by environmental change in 2008-09 and its effects
on household's livelihood and food aid activities by the Zambian Government and NGO in Sinazongwe
will be investigated.
Based on the analysis from two-decades of field survey in a village of Central Zambia, we examine the

reasons and process of increased vulnerability among farmers and households.

6. Progress up to Now

In FY2006 (PR) we focussed on establishing research collaborations with various institutions in
Zambia. In FY2007 (FR1) we prepared experimental field sites and installed monitoring equipment
such as weather stations, on-farm rain gauges and soil moisture measurement devices. Comprehensive
household surveys and monitoring of rainfall and crop growth commenced in November 2007.
Intensive field data collections for the 2007/2008 and 2008/2009 agricultural seasons and data compilations
were completed in subsequent fiscal years of FY2008 (FR2) and FY 2009 (FR3). For the current fiscal year
of FY 2010 (FR4), filed surveys, other field monitors and data compilations for the 2009/20010 seasons



have just been completed.

We approach resilience of farming households to climatic variability by focusing on mechanisms and
speed of consumption, food production and livelihood recovery after experiencing shocks such as
drought and floods (see conceptual diagram in Figure 2). Theme 1 measures the level of decline of
agricultural production through maize yields. Theme 2 observes the speed of recovery in food
consumption and health and nutritional status such as body weight, growth and skinfold thickness.
Theme 3 qualitatively considers conditions under which livelihoods decline or do not decline; how
they recover; and how differential coping strategies and the household access to resources in response
to shocks. Theme 4 visualizes the spatial pattern of agricultural households’ resource use and

cross-scale interactions.

Analysis of household food consumption after climatic shocks using data from high frequency
household surveys is in progress.

In the field experiment in Eastern Province, impacts of tree burning on soil nutrient status and maize
yield varied according to the amount of tree biomass burnt. The field experiment in Southern Province
suggested that maize yield was strongly influenced by topography and temperature.

Dataset covering two cropping seasons of 2007/08 and 2008/09 was established for the analyses.
Using the dataset, resilience at household level was quantitatively measured and factors affecting the
resilience were identified. The decline of food consumption through calorie intake before harvest
(February) was observed during both 2007/08 and 2008/09 cropping seasons. After March 2008, food
consumption gradually recovered, however the speed of recovery was slow. The effect of heavy rainfall
in December 2007 appeared after one year as the hike of maize price. It took more than one year for
most households to recover food consumption (calorie intake) to the level before December 2007
heavy rainfall.

After floods, farmers responded by replanting maize, shifting from maize to potato and beans. In
addition, some new activities for getting cash income, such as livestock sales, fishery and wage labor,
emerged to offset a shortfall of income, which indicated varieties of coping mechanisms exist for
affected households.

We could explain that the increased process of vulnerability differs by each actors, such as farmers,
households and rural societies. And also we revealed that vulnerability increased by various reasons,
and it could be transmittable among economic, socio-political and even cultural sphere.

Cellular phones are playing an important role in helping farmers to cope with shocks. Farmers under
financial and non-financial stresses started utilizing cellular phones to garner support from their social
network.

We disseminated our project outcomes at the international conferences. We presented at ISPRS 20101
(Kyoto), GLP Open Meeting 2010 (USA), AIWEST-DR2010 (Indonesia), and plan to participate at
Resilinece2011 (USA), EnvironmentAsia (Thailand). We organized a session at the JASID 2010 (Japan
Society for International Development). We also organized Resilience Workshops (12th, 13th) and
Resilience Seminars (30™, 31, 32™).

Project annual reports (FS,PR,FR1,FR2,FR3,FR4), working papers (#001-#012) and a Japanese



translation of a resilience workbook by Resilience Alliance, are all available at the project web site.
http://www.chikyu.ac.jp/resilience/publication-W_e.html
Three project members are now participating IHDP committee and sub-committee of the Science

Council of Japan and actively contributing to international community.

7. Research Plan until the next PEC Meeting in FY2010
For the next two years of research (FR4, FRS), we plan to conduct the following:

1. While refining the theoretical aspects of resilience, we need to consider the practical applicability
of the resilience approach based on the field research.

2. Integration of the research and data should be accelerated for the common goal for analyzing
resilience of the farm households qualitatively and quantitatively.

3. For FY2010 and early FY2011 weather monitoring, plot experiments, household surveys, and the
accumulation, compilation and analysis of data sets will be continued.

4. The first monitored 2007/2008 cropping season was an abnormal flood year, against which the
2008/2009 and 2009/2010 cropping season should be compared.

5. Coping strategies of farm households to environmental changes will be analyzed and assessed
qualitatively and quantitatively.

6. To give feedback to the local community we provided rainfall information for the first cropping
season 2007/2008 to local farmers. We will continue to do so.

7. We prepare for the RIHN International Symposium and RIHN Forum for FY2011. We also
prepare for working workshop for book publication.

8. Collaboration with other international research organizations should be enhanced.

9. The concept of resilience can be applied to other RIHN project as well. We continue promoting

inter-project initiatives within RIHN projects and other research groups.

8. Research Activities from FY2006 to FY2011

Time Schedule

2005 FS 2006 PR 2007 FR1 | 2008 FR2 | 2009 FR3 | 2010 FR4 | 2011 FR5

Research Methodology XXX XX XX X
Zambia
1. Ecological Resilience X XX XXX XXX XXX XX X
II.Household/Community X XXX XXX XXX XXX XX X
II1. History/Institution XX XX XXX XXX XXX XXX X
IV. Integrated Analysis X XX XXX XXX XXX XXX XXX
India X X X X
Burkinafaso X X X X
International Workshop X X X
Project Report FS PR Annual Interim Annual Annual Final

Report Report Report Report Report Report Report




Figure 1. Regions of Semi-Arid Tropics and Study Areas
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Resilience of Rural Households in Semi-Arid Tropics:
A Linkage of Social-Ecological Systems

Chieko Umetsu
Research Institute for Humanity and Nature, Kyoto Japan

Introduction

Resilience is defined as “the capacity of a system to experience shocks while retaining
essentially the same function, structure, feedbacks, and therefore identity (Walker et al. 2004)”.
Although resilience has been defined and analyzed as ecological as well as social-ecological terms,
their integration is still under development. Recently, the concept of resilience has been directly
applied to regional development and food security issues where people heavily rely their livelihoods
on natural resource base (Perrings, 2006; Méler 2008; UNDP, UNEP, WB, WRI, 2008; ICRISAT, 2010).
Also, academic communities consider that resilience is an important component for achieving sustainability
(ICSU, 2010).

Within the Semi-Arid Tropical Sub-Saharan Africa, communities’ livelihoods depend critically
on fragile and poorly endowed natural resources, and poverty and environmental degradation are
widespread. People in these regions depend largely on rain-fed agriculture, and their livelihoods are
vulnerable to environmental variability. Environmental resources such as vegetation and soil are also
vulnerable to human activities. To surmount these environmental challenges, human society and
ecosystems must be resilient to (recover quickly from) environmental shocks. Although the concept of
the resilience has been discussed for the last decade, there are few empirical studies that address
empirical investigation of resilience for rural livelihood in developing countries.

“Vulnerability and Resilience of Social-Ecological Systems” (Resilience Project) has proposed
qualitative and quantitative approaches to empirically analyze resilience of rural households in Zambia
(Umetsu, Shinjo, Sakurai, Shimada, Yoshimura, 2010). We argued that in order to operationalize
resilience, it is important for us to consider resilience in the context of the human security of rural
households in SAT region. In the Resilience Project, we consider resilience to environmental
variability, such as drought, flooding and social changes. We consider resilience of food supply and
consumption, health status, agricultural production and livelihoods. Lastly we consider resilience for
protecting human security, i.e., survival, livelihoods and dignity (Commission on Human Security,
2003).

The purpose of this chapter is to address approaches to study resilience we employ in our
Resilience Project and summarize research outcomes in reference to a linkage of social-ecological

systems.

Approaches to Resilience

The resilience of social-ecological system for subsistence agricultural households in SAT we
consider is resilience to environmental variability, of food supply and consumption, health status,
agricultural production and livelihoods since, in case of emergency such as drought and flood, the
most important mission is to secure food supply for survival. Environmental variability that we
concern is mainly drought, food and disasters that regions and communities are affected equally



(covariate shock).

In Resilience Project, four themes work together while employing various approaches to
resilience. For an empirical approach to resilience, we focus on the mechanism and the speed of
recovery in food consumption and livelihoods of agricultural households after shocks such as drought
and flooding (Figure 1). Theme 1 measures the level of decline of agricultural production through
maize yields. Theme 2 observes the speed of recovery in food consumption, body weight and skinfold
thickness. Theme 3 considers qualitatively under what conditions livelihoods do or do not decline,
how they recover and the differential coping strategies utilized by households. Theme 4 visualizes the
spatial pattern of resource use such as land use by agricultural households and land cover changes.
This theme also includes spatial heterogeneity and dynamics of resilience and historical investigation
(Evans et al. 2010). For a major disaster, the social-ecological system (SES) has possibly shifted to

alternative state in transitional stage in case of 2004 Indian Ocean tsunami.
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Figure 1. Approaches to Resilience

A Linkage of Social-Ecological Systems and Resilience

Figure 2 indicates our research components, indicators and factors affecting resilience. This
figure illustrates the linkage between rainfall, food supply, food consumption, health, and ecosystem
services in drought prone area. Environmental variability such as rainfall and social changes
(resilience to what) is shown in blue. Indicators are food supply, food consumption, food production
and health status (resilience of what) shown in orange. The connecting arrows show the working
hypothesis of the project. Our purpose is to find out the strength and weakness of the connection
between these components, test indicators of resilience, and verify factors and conditions for
resilience.

Our three field sites are located in Sinazongwe and Choma Districts, Southern Province of
Zambia. People in our sample villages are called Valley Tonga. After the construction of Kariba Dam
in 1959, Valley Tonga people suffered from huge social and political shocks, i.e., forced relocation
from the valley bottom (Colson, 1960; Scudder, 1962, 2010). Site A is close to Kariba Lake and has an



old village before dam construction and a new village relocated after the dam construction. The land is
flat. On the other hand Site B is in mid-escarpment with hilly farm lands. Site B residents relocated
during the 1990s. Site C is located at the highest altitude at the edge of plateau. Site C

How rainfall variability and other factors are affecting crop production?

Environmental variability (e.g. rainfall variability) affects crop yield from farmer’s field, thus
directly affecting food availability and consumption i.e., survival of household. The historical rainfall
data indicate that in Southern Province in Zambia, the major drought occurred in 1991/1992,
1994/1995, 2001/2002, 2004/2005 cropping seasons. In addition, less rainfall was associated with El
Nino years and more rainfall with La Nina years (Yatagai in this issue). The productions of maize,
major staple food in Zambia, as well as the rural livelihoods have been directly affected by the level of
precipitation. The share of poverty in Southern Province increased from 79 per cent in 1991 up to 86
per cent in 1993 immediately after severe 1991/1992 drought. Although poverty headcounts decreased
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Figure 2. Factors affecting resilience for food consumption levels
among households in Zambia (Hypothesis)

until 2002, there is an increasing trend in recent years (Thamana in this issue). Although drought has
been a major climatic shock in our study site, the last three cropping seasons 2007/2008, 2008/2009
and 2009/2010 received larger rainfall than the annual average in our study site. The seasonal pattern
of rainfall varied among three rainy seasons (Kanno et al., in this issue). Reduced yield by delayed
planting indicated that the timing of planting is critical for maize yield (Shimono et al., in this issue).
Maize yield is also affected by topography and temperature in Southern Province (Miyazaki et al.,
2010); and tree biomass after burning trees in the fields in Eastern Province (Shinjo et al., Miura et al.,
Sokotela et al., in this issue).



Heavy rain as environmental shock to households production and food consumption

On the 29™ of December 2007, heavy rainfall affected the Sinazongwe District, Southern
Province. The rain gauges we installed in Site A (among Site A, B and C) received 473 mm this week
on average where the annual average rainfall in Sinazongwe District is 694.9mm (Saeki et al., 2008).
This heavy rainfall damaged the maize field in the region. In Site A the damage was the most severe
among three study sites. After the heavy rain, about 30% of the damaged field was abandoned and
54% of the damaged fields were replanted with maize. In Site C, switching from maize to sweet potato
was a common practice. Topographical location of agricultural fields has been shown to mitigate
climate variability (Miyazaki; Yamashita; in this issue). This heavy rainfall resulted in decline of
maize production in 2008 and affected food consumption, health and nutritional status of household
members. Based on the food consumption survey in three study sites, about 80 per cent of energy
intake of household members depends on cereals mainly maize (Kon et al., in this issue). Although
stunting was prevalent, the nutritional status of sample children was generally good compared to U.S.
reference data (Yamauchi et al., in this issue). The long-term weekly interview survey data identified
rapid decline and gradual recovery of food consumption after the heavy rainfall. Also body weight
declined after food consumption declined. This recovery path became the base for quantitative
analysis of resilience. It was revealed that it took almost one year for most households to recover food
consumption from the after the rainfall shock and the poor are more sensitive to the rainfall shock in
food consumption. The decline of maize yield in 2008 brought food price hike before the next harvest
season in February 2009 and aftected poor farmers directly (Sakurai et al., in this issue).

Various coping strategies after the heavy rainfall shock to recover food consumption and livelihood

When food supply from their own fields declines, household heads try all measures to secure
food supply for the household from other means. In this event, cash in hand played very important role
for smoothing consumption levels particularly staple food (Kitsuki and Sakurai in this issue). After the
heavy rain, some households started new cash income activities such as vegetable, livestock and
poultry sales. From the analysis of cattle holding as an asset, the poor farmers tend to protect cattle and
the wealthier farmers tend to protect consumption by selling cattle (Miura et al. in this issue). Nasuda
et al., (in this issue) found that households in Site A and B suffering significant crop loss from heavy
rain responded not only by cutting consumption by also by increasing working hours among both
adults and children. Increasing working hours among children during school semester may have
serious implications on children’s school attendances and school performances. If agricultural
production is not enough to support food supply, then household members pursue non-agricultural
activities such as piecework to supply food to the household and maintain livelihoods. For household
survival and maintenance of livelihoods, food distribution system of aid agencies and local institutions
and organizations that secure access to resources are important (Matsumura in this issue). Also social
networks such as relatives and friends play an important role. Recently the use of mobile phone is
becoming very popular for requesting monetary support (Ishimoto in this issue).

Even though food production declines in flood years, households employ various coping
strategies and alternative economic activities to try to recover from these shocks (Yoshimura et al., in
this issue). In addition, regional scale dynamics of resources and livelihoods are the source of
resilience to maintain survival and livelihood. Ecosystem services provide a variety of resources to

rural communities in the region. For example, agro-ecological systems provide food supply, lake



ecosystems provide fish, forest ecosystems provide emergency food, firewood as energy, water for
cooking, and material for construction.

As an ex-ante and ex-post risk coping strategies, the capacity of diversified access to resources is
one important condition for resilience (Shimada, 2009; Thamana, 2007). Ishimoto, in this issue,
consider resilience with three components, i.e., external shock, assets and capacity. Capacity can be
separated into ex-ante adaptive capacity and ex-post coping capacity. The access to resources is
facilitated through a transfer and/or substitution of livelihood from agriculture to livestock, agriculture
to non-agriculture, market, social organization and institution, as well as social network. Rural
household and communities in Africa are facing not only risks from natural disasters but also risks
from social and economic changes, such as international price hike of cash crops, political transition,
changes in land tenure systems and agricultural policies. During the course of transition from old
systems to new systems, some access channels to resources decreased while other access channels
expanded. It is important to consider decline and rise of vulnerability as a bundle in historical context

in order to understand resilience (Shimada in this issue).

Indian Ocean Tsunami as covariate shock to the communities

Disaster such as Indian Ocean Tsunami is a covariate shock where communities and region
receive a common shock. The Indian Ocean Tsunami that occurred on 26" December 2004 caused
severe damage to coastal areas in Indian Ocean. How did Social-Ecological Systems (SES) changed in
response to great shock like tsunami? Coastal regions of Nagapattinam District in Tamil Nadu State
received the largest damages in India by 2004 Tsunami. After tsunami hit the coastal regions, it took
one and a half years for paddy fields to recover from salinity since heavy Monsoon rainfall in 2005
washed salts away from the fields. Human activities to intervene agricultural systems were also
important for the recovery (Kume et al., 2009; Kume in this issue). Although the recovery of the farm
was rather quick, it took almost three years for social system to recover from the income shock
according to our long-term household survey. For the household income to recover to pre-tsunami

level, the availability of labor market played a crucial role (Umetsu et al., in this issue)

Understanding resilience in a comprehensive manner

This paper provides an overview of our results from empirical approaches to resilience. We
consider resilience in the context of agricultural livelihood of SAT region. Our target is agricultural
households in drought-prone Southern Zambia and their survival and livelihood. We especially
consider the recovery of food consumption and food supply as well as livelihood after environmental
shock such as drought and flood. What is important is that we need to understand resilience of
social-ecological systems in a comprehensive manner in people’s daily livelihoods. Resilience is a set
of recovery (speed), recovery path (how to recover), recovery mechanism (what drives recovery), and
ability including learning process, self-organization and institution that facilitate households and
communities to exercise their ability.

Resilience is a concept that has a potential for opening doors to a different approach to natural
resource management (Resilience Alliance 2007). The sustainability of rural societies requires an
appreciation of the resilience of households and communities. Resilience is the basic capacity that the
societies need to acquire to build sustainability at all levels.
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Effects of Clearing and Burning on Soil Nutrients and Maize Growth in a Miombo
Woodland in Eastern Zambia

Hitoshi Shinjo, Kaori Ando, Hajime Kuramitsu, and Reiichi Miura
Kyoto University, Kyoto, Japan

Abstract

This paper reports interim results from a 5-year experiment on the effects of clearing and
burning on a miombo woodland in Eastern Province, Zambia. The amount of tree biomass burnt
determined the soil nutrient status after burning, as a result of the amount of ash added to the soil. The
intensity and duration of the burning event also affected the soil. Carbon mineralization, NH,-N, and
available phosphorus increased after burning because of degradation of soil organic matter and
addition of microbial detritus. However, net nitrogen mineralization was not active because N was
immobilized by microbes. Maize grain yield increased after burning because of the increase in plant-
available nutrients and suppression of weed growth. Although the burnt area was only 13% of the total
area, the grain yield from burnt spots accounted for 30% of the total yield; therefore, burning
markedly increased grain yield. A high yield of maize was maintained for at least 2 years after burning
because of the high available P and available N. However, the labile organic matter was similar in
non-burnt and burnt areas. Although the amounts of plant-available nutrients in the spots burnt with
large trees were higher than their respective amounts in spots burnt with small trees, these higher
levels of nutrients contributed only to stover biomass. Therefore, an increase in grain yield can be
achieved by burning only small trees. The burnt area was extended by burning large and small trees
separately, increasing the grain yield from the entire field. Soil conditions were affected more strongly
by burning of large trees, compared with burning of small trees. In the non-burnt spots, the amounts of
plant-available nutrients in the soil changed during the cultivation period, alongside changes in soil
organic matter. In the first year, immobilization exceeded mineralization because of the high C:N ratio
of soil organic matter after clearing. However, the soil organic matter gradually decomposed during
the wet season, increasing the labile fraction in the second year. This resulted in increased net N
mineralization and available P in the second year. Although the amounts of plant-available nutrients
increased in the second year, maize stover biomass and grain yield were the same in the first and
second year. The amount of nutrients available for maize growth may have decreased in the second

year as a result of vigorous weed growth.



A Field Guide to Common Plants of the Petauke District

(Partial Presentation)

"Reiichi Miura, 1Haj ime Kuramitsu, 'Shotaro Takenaka and 2Elias Tembo
'Graduate School of Agriculture, Kyoto University, Kyoto, Japan

*Zambia Agriculture Research Institute, Chilanga, Zambia

Abstract

To facilitate plant identification in the field experiment station in Petauke District,
Eastern Zambia, a field guide to 80 most common plants in the area was compiled in Japanese for
temporary use. Presented here is its partial English translation. The entire translation is in

preparation to be made accessible via the internet.

1. Introduction

As described elsewhere in this volume, Dr. H. Shinjo et al. are conducting a field
experiment in Mwelwa village, Petauke District, Eastern Zambia, to evaluate the effects of the
slash-and-burn system and continuous cropping of maize on soil fertility and structure. This
research involves monitoring of vegetation using the quadrat method from before the start of the
experiment through various cropping and fallow sequences. In this research, plant identification
has been frequently problematic, because trees, herbs, and seedlings often lack flowers and fruits
in agricultural situations. To facilitate the vegetation survey, plants in the district were
photographed and a field guide to 80 common plants in the area was compiled in Japanese for
temporary use by non-botanists. Here, an English translation is presented for the most common
species in the study plot. The entire field guide will be added to the project after some amendments
and translation. This will make it accessible to all those involved in ecological/agricultural

research in Zambia.

2. The field guide

)

Brachystegia manga De Wild.

Vernacular name: mputi

Family: FABACEAE

Habitat: Miombo

Notes: High tree. Leaflet bluish green, rhombic, in
3—4 pairs. Leaflets arranged in same plane as middle
axis, so the whole leaf is flat (Cf. B. allenii). Pod
purplish green, surface smooth.




)

Brachystegia allenii Hutch. & Burtt Davy

Vernacular name: mganza

Family: FABACEAE

Habitat: Miombo

Notes: High tree. Leaflets bluish green, broadly
elliptic, apex truncate to emarginate (having a central
notch), base markedly asymmetrical, in 4 or more
pairs along the mid-axis. Leaflets overlap each other,
with their surfaces not in a single plane, giving a thick
appearance to the leaf bunches. Pod brown, surface
rough.

Brachystegia stipulata De Wild

Vernacular name: mfundanzinzi

Family: FABACEAE

Habitat: Transition zone between miombo and dambo,
common also in degraded miombo.

Notes: High to medium-height tree. Leaflet elliptic,
deep green on upper side, pale green on lower side.
Stipules ear-like, large, and persistent (note that
stipule of B. allenii is also somewhat persistent).

Julbernardia globiflora (Benth.) Troupin

Vernacular name: kamponi

Family: FABACEAE

Habitat: Degraded miombo, also in and around

villages

Notes: Tree. Leaflets narrowly
rhomboid-elliptic, blight green on both

[\ surfaces. Starts flowering and producing fruits

at a much younger stage than Brachystegia spp.

Pods have a brown suede-like surface.

Dalbergiella nyasae Baker f.

Vernacular name: kafundakweo

Family: FABACEAE

Habitat: Degraded miombo

Notes: Tree with a narrow silhouette due to sparse
branching and the narrow angle between branches
and trunk. Pinnate leaves gathered near the top of
each branch like umbrella ribs. Terminal leaflet
may or may not be present (i.e., there may be an
odd or even number of leaflets). Leaflets in 8 or
more pairs, dull green on upper side, pale green on
lower side, covered with indumentum (a layer of
soft fine hairs).



Pterocarpus angolensis DC.

Vernacular name: mlombe

Family: FABACEAE

Habitat: Miombo

Notes: Tree of medium height with a flat canopy.
Leaf pinnate with a terminal leaflet. Unlike most
other leguminous trees, leaflet has a rather long
petiole and an acuminate apex. Each leaflet has thin
but prominent veins running in a herring-bone
pattern. When cut, the trunk produces copious
amounts of blood-red resinous sap.

Burkea africana Hook.

Vernacular name: msase

Family: FABACEAE

Habitat: Degraded miombo

Notes: Tree with bipinnate leaves. Leaf similar to
that of Albizzia antunesiana. Shoot tips covered
with rust-colored short hairs.

"B Albizia antunesiana Harms

Vernacular name: msase-pouvu

Family: FABACEAE

Habitat: Degraded miombo

Notes: Tree with bipinnate leaves. Leaf similar to that
of Burkea africana but distinguishable by powdery
white lower surface and asymmetrical base of each
| leaflet (much wider towards the rachis tip). Leaf upper
surface often tinged purple.

Dichrostachys cinerea (L.) Wight & Arn.

Vernacular name: kalumpangala

Family: FABACEAE

Habitat: Degraded miombo

Notes: Low tree with a rough shape due to coarse
irregular branching. Trunk cross-section is irregular,
not circular. Branches are thorny to varying degrees,
and are sometimes thornless.




10)

Diplorhynchus condylocarpon (Mill.Arg.) Pichon
Vernacular name: mtowa

Family: APOCYNACEAE

Habitat: Degraded miombo

Notes: Low to medium-height tree with long slender
flexible branches. All parts excrete copious amounts
of white latex when cut. Fire-tolerant because of the
bulky bark, which has both longitudinal and
transverse fissures resembling the pattern on an
alligator’s back. Easily regenerates from stumps in
slash-and-burn fields, forming low dense thickets.

Bridelia cathartica G. Bertol.

Vernacular name: shimpombo

Family: PHYLLANTHACEAE

Habitat: Degraded miombo, also around villages.

Notes: Leaves elliptic to obovate, rough on both surfaces,
distinctly smaller on fruiting branches and becoming even smaller
towards the branch end. Ripe fruits are dark purple.

12)

Pseudolachnostylis maprouneifolia Pax

Vernacular name: msolo

Family: PHYLLANTHACEAE

Habitat: Degraded miombo

Notes: Medium-height tree. Leaf nearly circular,
quite smooth, concave above, convex below. Fruits
fleshy but hard, dull green to yellow-green even
when ripe.

13)

Lannea discolor Engl.

Vernacular name: shaomboa

Family: ANACARDIACEAE

Habitat: Degraded miombo

Notes: Medium-height tree. Lower surface of leaves
distinctly whitish. Produces copious amounts of clear
resin when cut. At the beginning of the dry season leaves
turn yellow and fall earlier than most other trees.

Notes: Shrub to low tree producing edible fleshy fruits.
Leaf hairiness and branch thorn size highly variable,
sometimes thornless.




14)

15)

16)

Flacourtia indica (Burm.f.) Merr.
I Vernacular name: nkondonkondo
| Family: SALICACEAE
Habitat: From degraded miombo to surroundings
of villages

Melinis repens (Willd.) Zizka

Vernacular name:

Family: POACEAE

Habitat: Cultivated field

Notes: One of the most dominant weeds in maize field. Lower
part trails on the ground and produce roots from each node.

Heteropogon contortus Beauv. ex Roem. & Schult.
Vernacular name: Sajje

Family: POACEAE

Habitat: Disturbed grassland and roadsides

Notes: Sometimes forms pure stand on gravelly soil on the
roadside. Mature spikelets are pungent when detached from
the plant, very notorious, piercing the clothing and even skin.




17)

Rottboellia exaltata L. f.

Vernacular name:

Family: POACEAE

Habitat: Cultivated field

Notes: Tall grass sometimes outgrows
and suppresses maize. A notorious
weed that can injure skin by its coarse
hairs on its culm.

Hyparrhenia filipendula Stapf

Vernacular name:

Family: POACEAE

Habitat: Forest margin

Notes: Branch shoots from the upper leaf axils stay green long
after the main culm senesced.

19)

Hyparrhenia variabilis Stapf

Vernacular name:

Family: POACEAE

Habitat: Half shade in the woodland

Notes: Produce stiff supportive aerial roots from lower nodes.




Hyparrhenia dichroa Stapf

Vernacular name:

Family: POACEAE

Habitat: Roadside and disturbed grassland

Notes: The tallest of all Hyparrhenia species found in the area.

Bidens schimperi Sch.Bip. ex Walp.

Vernacular name:

Family: ASTERACEAE

Habitat: Cultivated field but apparently native to woodlands.
Notes: One of the most troublesome weed of maize especially
when the field is fertilized.

Vernonia petersii Oliv. & Hiern ex Oliv.
Vernacular name:

Family:

Habitat:

Notes: One of the most common weeds in
newly established slash-and-burn field.
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Vernonia poskeana Vatke & Hildeb.

Vernacular name:

Family: ASTERACEAE

Habitat: Cultivated field

Notes: Common weed both in new and old fields.

Trichodesma zeylanicum R.Br.
Vernacular name:

Family: BORAGINACEAE

Habitat: Cultivated field

Notes: Common weed in continuously cultivated field. The
whole plant is covered by white hairs, which look soft but are
actually dangerous: they sting on skin badly.

Amaranthus hybridus L.

Vernacular name:

Family: AMARANTHACEAE

Habitat: Cultivated field, sometimes on termite hill

Notes: Being a member of weedy Amaranthus, likely to
require high concentration of nitrogen. Rare in newly opened
field.



Preliminary Report: Evaluation of Agro-Forestry Plants for Soil Fertility Restoration
and Enhancement of Sustainable Agriculture in the Petauke District, Eastern Zambia
(10th May 2010)

S. B. Sokotela, M. Mwale and P. Munen

Zambia Agricultural Research Institute, Zambia

Abstract

A field trial for demonstration and evaluation of agro-forestry plants to restore soil
fertility is being conducted at the plots adjacent to the RIHN plots in Eastern Province, Zambia.
Good growth of agro-forestry plants were observed. Three rainy seasons after planting, Glilicidia
sepium and pigeon pea plants grew well to reach their heights to about 3 m. We will cut them down
to plant maize so that we can estimate the effects of them as agroforestry plants on the

improvement of the maize productivity.

1. Introduction

This progress report presents an update of the activities on ‘Evaluation of Agro-Forestry
Plants for Soil Fertility Restoration and Enhancement of Sustainable Agriculture’, being carried
out in eastern Zambia at Mwelwa Village, Chief Sandwe, Petauke District. It covers the 2009/2010
crop-growing season (November 2009 to April 2010).

The study serves as a demonstration to evaluate the effectiveness of agro-forestry
technologies in enhancing soil ecological resilience as measured by the efficacy of some selected
agro-forestry and green manure plant species for soil fertility restoration and enhancement of
sustainable agricultural practices. Three specific objectives are:

1) To demonstrate the effect of the named plant species in soil fertility improvement for
improved short fallow agricultural technology practices,

2) To measure soil property dynamics and characteristics that occur as a result of defined
land use practices and imposed field practices and

3) To assess any socioeconomic impact of (long-term) benefits achieved following adoption
of the technologies by various households and communities, thereby reinforcing
ecological and social resilience concepts and principles.

Below is a sketch drawing of the ZARI trial and demonstration layout.
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Note: A =Treatment; 1 = Sub-plot No. 1



Treatments

A Grilicidia sepium fallow (GSF)
Maize continuous fertilizer (MCF)
Native Forest fallow (NFF)

Maize, no Fertilizer (MoF)

Green Manure fallow (GMF Mucuna)
Cajanus cajan fallow (CCF)

™ m g QW

2. Methodology

Measurement of initial soil conditions

a) At the beginning of the experiment (October 2007) the soil in each subplot (measuring 20 x 20
m) was sampled at two depths, the topsoil at 0-20 cm and the subsoil at 40-60 cm for
subsequent laboratory analyses for pH, bases, CEC, organic carbon, total nitrogen, available
phosphate and particle size distribution (PSD).

b) Grilicidia was initially raised in nursery beds, and later planted into the field from potted
seedlings at a spacing of 1 m x 1 m. The spacing for pigeon pea (Cajanus cajan) in the field was
the same as for Grilicidia, but the crop was direct planted from seed.

c) A hybrid maize variety MM 604 was used as the test crop and planted at a spacing of 90 cm
between rows and 25 cm between plants within the rows. The fertilizer application rate
followed the LIMA recommendation of 4 x 50 kg/ha of compound D (10N, 20P,05, 10K,0, 4-6
S), and the same rate for urea (46% N) as top-dressing in the continuous maize with fertilizer
treatment. (MCF).

d) The native forest fallow treatment had no land clearing or preparation with the bush left in the
virgin or natural state it was in before beginning the study.

e) The green manure plot was planted with Velvet bean (Mucuna).

f) On all the cultivated plots initial land preparation consisted of felling and stumping all trees,
followed by digging with hand hoes well before the onset of the rainy season in October.

g) After planting, crop performance monitoring was instituted. It included replanting (filling in
gaps where necessary), weeding and scoring for disease, pests, etc. Grain yield and stover were
harvested in the maize plots and measured by weight to determine the yield performance.
Pigeon pea seed is harvested from dry pods later in the dry season (August—September) when
the fields are being protected from fire by clearing the fire breaks around the trial plots.

The current cropping season (2009/2010) marks the third year of crop growth in all the plots.

Field Day

No field day was held at the site in the 2009/2010 cropping season because, having held
one the previous year, researchers believed that little difference would be apparent from what was
shown the previous season (2008/2009). However, in the coming season after three-years of

imposed treatments, more interesting results are expected.



Biomass Estimation
Aboveground plant biomass in the agro-forestry and native fallow plots was estimated by
measuring plant height and stem girth (diameter) at ground level. Results for the different

agro-forestry and native fallow plots are shown in the tables below.

3. Performance of the various treatments

Field measurements were made in 5 X 5 m units within the 20m x 20m plots.

Native Forest - Plot 3

Serial No.  Average Height (m)  Average Girth (mm)
(Subplot) /Subplot

1 2.43 35.54
2 2.78 50.30
3 3.46 69.02
4 2.92 57.00
5 3.26 50.36
Av. 2.97 52.44

Average native forest trees were about 3 meters tall, with a girth of about 52.4 mm at ground collar
level.

Cajanus cajan - Plot 4

Serial No.  Average Height (m)  Average Girth (mm)
(Subplot)  /Subplot

1 2.64 50.76
2 3.73 51.58
3 3.04 45.02
4 3.48 40.28
5 3.61 54.68
Av. 33 48.46

Grilicidia sepium - Plot 6

Serial No.  Average Height (m)  Average Girth (mm)
(Subplot)  /Subplot

1 2.05 49.96
2 2.26 44.9
3 2.48 50.08
4 2.06 46.78
5 2.2 35.2
Av. 2.21 45.38

This plant shows resilience for survival.



Cajanus cajan - Plot 7

Serial No.  Average Height (m)  Average Girth (mm)
(Subplot)  /Subplot

1 3.28 36.76
2 3.11 38.82
3 3.25 36.48
4 3.2 33.94
5 2.9 33.14
Av. 3.15 35.83

Native Forest - Plot 11

Serial No.  Average Height (m)  Average Girth (mm)
(Subplot)  /Subplot

1 3.59 56.08
2 4.21 75.62
3 4.4 83.4

4 3.93 66.02
5 2.57 56.04
Av. 3.73 67.43

There is high termite activity in this plot.
Grilicidia sepium - Plot 12

Serial No.  Average Height (m)  Average Girth (mm)
(Subplot)  /Subplot

1 2.84 46.93
2 2.53 50.98
3 2.65 62.14
4 4.88 82.32
5 3.35 53.5

Av. 3.25 59.17

The plants in this plot showed resilience. Also the Grilicidia plants grew faster in subplot # 04
where there was a termite mound, in contrast to other parts of the plot.

Cajanus cajan - Plot 13

Serial No.  Average Height (m)  Average Girth (mm)
(Subplot)  /Subplot

1 3.74 35.48
2 3.54 40.54
3 3.74 38.2
4 3.94 55.9
5 3.52 37.48

Av. 3.70 41.52




Grilicidia sepium - Plot 15

Serial No.  Average Height (m)  Average Girth (mm)
(Subplot)  /Subplot

1 2.34 43.68
2 2.52 48.8

3 1.7 33.88
4 1.93 39.98
5 1.89 42.94
Av. 2.08 41.86

Plants were stunted.
Native Forest - Plot 16

Serial No.  Average Height (m)  Average Girth (mm)
(Subplot)  /Subplot

1 4.26 63.02
2 4.43 76.88
3 3.56 57.02
4 4.54 64.9

5 5.17 69.96
Av. 4.39 66.36

Trees in this plot were sparsely populated and there was little branching.

Mean values of performance

Plant Species Height (m) Girth (mm)
Native forest 3.70 62.08
Cajanus cajan 3.38 41.94
Grilicidia sepium 2.51 48.80

Maize Harvesting

Within the maize plots, five (Sm x 5m) subplots were measured and maize cobs harvested
from each subplot were counted. After sun-drying the cobs for about three days, grain was shelled
from the cobs. The weight of the maize grain was then measured and the moisture content
determined. The results are presented in the tables below.
Remarks
Plot 1: The stover sample for moisture determination from this plot was 1.9kg. The diseased cobs
were due to cob rot (Fuserium). The dominant weed species were shrubs (Chikoswa, Nyazongo
and Kabalukila), followed by grasses (Kankululu).
Plot 14:The dominant weed was the yellow head shrub weed followed by Miombo trees (regrowth)

and red head grass. The stover weight for moisture determination was 1.6kg.



Plot 10:The stover weight for moisture determination was 1.2kg. One maize cob from subplot #3
was eaten by rats.

Plot 17: The stover weight for moisture determination was 2.5kg. The dominant weed is the yellow
head weed. There are few grasses and more herbaceous type of weeds.

Plot 8: The dominant weed in this plot is the purple head shrub with sparse yellow head weeds.
There was hardly any grass in this plot. The stover weight for moisture determination was 1.7kg.

Plot 5: The stover weight for moisture determination was 1.1kg.

Plot Treatment Subplot # GCob No. Wt. of Stover Wt. Diseased Grain Wt. Corn Dry Grain Grain vield

Cobs (kg)  (kg) Cobs (kg) Moisture  Wt/25m>  (Mg/ha)
5 MOF 1 1 5.6 5.2 19 3 12.2 2.6
2 66 8.4 6.7 11 7 13.2 6.1
3 66 5.8 5.8 14 3.5 12.7 3.1
4 74 6.1 5 11 5 125 44
5 58 6.5 53 4 6 12.8 5.2
Average 67 6.48 5.6 11.8 4.9 12.68 4.3 1.71
10 MOF 1 69 7.2 7.6 11 4 13.2 3.5
2 81 8.2 8.8 5 5.1 13.2 44
3 72 5.2 4.7 7 45 12.7 3.9
4 57 49 5.5 7 4 12.4 3.5
5 59 42 4 6 3.5 12.9 3.0
Average 67.6 5.94 6.12 7.2 4.22 12.88 3.7 1.47
14 MOF 1 56 5.8 5.8 8 4 13.2 3.5
2 59 3.8 3.9 3 3.5 125 3.1
3 61 7.2 6.4 10 3 13.5 2.6
4 61 6.3 6 6 5 13.3 43
5 55 3.2 3.7 5 3 121 2.6
Average 58.4 5.26 5.16 6.4 3.7 12.92 3.2 1.29
1 MCF 1 105 23.3 249 3 14 16.1 11.7
2 85 18.2 244 2 10.5 16.3 8.8
3 90 194 21.8 3 12 174 9.9
4 103 194 16.2 3 125 14.6 10.7
5 110 254 28.2 2 16.5 17.5 13.6
Average 98.6 21.14 23.1 2.6 13.1 16.38 10.9 4.38
8 MCF 1 98 18.2 18 6 13 14.4 111
2 122 175 15.7 4 55 14.9 4.7
3 205 243 23.7 3 16 19.1 12.9
4 120 194 20.7 4 13.5 15.5 114
5 109 22.2 18.8 1 13.5 15.9 114
Average 130.8 20.32 19.38 3.6 12.3 15.96 10.3 4.12
17 MCF 1 239 23 31 7 115 15.9 9.7
2 190 231 242 13 145 16.7 121
3 180 20.8 25.6 4 125 16.9 104
4 83 11.6 15.8 14 9 15.2 7.6
5 103 17 243 5 10 17 8.3
Average 159 19.1 24.18 8.6 11.5 16.34 9.6 3.85

4. Other Results
Maize Yield
Yield measurement data for the maize crop is still to be obtained.

Soil Analysis



Using the NEWS method, soils were sampled from depths of 0-20cm (topsoil) and 40-60 (subsoil)
from all plots.

Soil Laboratory Analytical Results

Soil samples are being prepared for laboratory analyses. Exchangeable bases (Ca, Mg, K, Na), soil
pH (CaCl,), organic carbon (C), nitrogen (N), phosphate and cation exchange capacity (CEC) are
the soil properties to be used to assess soil fertility status.

Plant Survival Rate

To obtain the plant survival rate, dead plants in each plot were counted. Results are presented in the
table below.

PLOT# ROW 1 2 3 4 5 6 7 &8 9 10 11 > Mean %
Spp.
Pigeonpea 2 5 3 4 4 4 4 5 5 4 2 42 3.82 0.382
G. sepium 0 2 2 1 1 o 2 1 1 3 2 15 136 0.136
Pigeonpea 4 3 3 4 3 1 2 3 3 2 3 31 2.82 0.282
12 G. sepium 22 3 2 1 1 2 0 0 1 2 16 145 0.145
13 Pigeonpea 3 2 5 3 3 4 3 6 4 5 4 42 3.82 0.382
15 G. sepium 31 0 0 1 2 0 1 2 4 1 15 136 0.136

Climatic Data
Climate conditions are monitored by an automatic weather station at the research site. Rainfall was

‘normal’ and well distributed for crop growth. The total rainfall for this season was 950mm.
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Abstract

Risk coping and consumption smoothing in rural areas of developing countries, where
people’s livelihood is often subject to various risks, have been well documented. However, the
literature has not properly considered the time required for households and/or individuals to
recover their level of consumption. To address the lack in the literature, we have incorporated the
time dimension in the process of recovery from a shock in this paper. For this purpose, we have
adapted the concept of resilience from ecology and define it in the context of consumption
smoothing. Moreover, unlike most previous studies on consumption smoothing, we utilize weekly

data collected before and after a covariate shock so as to provide empirical evidence of resilience.

In this paper, we provide an empirically workable definition of “resilience” at the
household level. Resilience is based on the measurement of household food consumption per capita
and is defined by the speed of the recovery of food consumption from a shock. Then, following the
definition, we empirically estimate resilience using data collected in a rural area of Zambia, where
its rain-fed agriculture is highly affected by rainfall variation. In this particular dataset, a heavy
rain took place in December 2007. Resilience is measured as the speed of consumption recovery

after the heavy rain shock.

Our panel data analyses reveal that the heavy rain caused a shock, i.e., reduction of food
consumption, among the sample households, and it took almost one year for them to recover from
the shock. Our analyses also show that household assets, such as land and livestock, have a
positive effect on enhancing resilience. Then, dividing the sample into rich and poor groups based
on the value of cattle holdings, we conducted similar analyses for each group separately and found
that households in the rich group were more resilient than those in the poor group. The results
indicate that some poor households that lack sufficient assets may not be able to recover
consumption. Moreover, it is found that households in the poor group were more sensitive to the
rainfall shock: they reduced consumption more quickly after the shock than did those in the rich
group. We do not indicate in this paper how the sample households recover their consumption from
the shock such as labor supply and livestock sales. Incorporating those coping behaviors is our

next research topic as we have enough data to do it.



1. Introduction

Risks exist everywhere, and they are a part of rural life in developing countries. It is well
known that rural households practice a variety of measures to manage ex-ante risk, such as crop
and income diversification (Dercon, 2005). However, because such risk-management measures are
costly and imperfect, risk events like drought often cause shocks to households, e.g., a decline of
consumption. That is, shocks are almost inevitable in a risky environment. This does not
necessarily imply that the impact of such shocks is significantly serious because households can
mitigate the impact by undertaking various coping behaviors, such as liquidating assets, increasing
labor supply, and receiving gifts (Dercon, 2002). Hence, so far as households have the capacity to
cope with shocks, they can mitigate their impact, and thus their consumption is smoothed. The
literature examines coping behaviors and consumption smoothing in rural areas of developing
countries, generally demonstrating that rural households are usually able to smooth consumption in
the case of idiosyncratic shocks, and even in the case of covariate shocks they can smooth
consumption to some extent, depending on their capacity (Hoddinott and Harrower, 2005; and
Dercon, Hoddinott, and Woldehanna, 2005).

However, the existing literature on consumption smoothing does not adequately consider
the time required for households to recover their level of consumption. To test consumption
smoothing, a panel dataset containing at least two observations at different time points is required.
But because the interval between two observations is usually one or even several years, some
shocks cannot be observed if consumption level recovers within the interval. This is particularly
pertinent because household surveys typically ask about consumption over a recent short period,
such as one month before the interview. One obvious shortcoming of such analyses is that the
welfare impact of a shock can be underestimated if data collection on the risk event is conducted
after the recovery or even while the recovery is in process. Another problem is that such analyses
cannot exactly estimate the magnitude of the shock (i.e., reduction of consumption) and the speed
of recovery (i.e., time required for recovery), if recovery has already started when ex-post data
collection is being carried out.

To address apparent lacks in the literature on consumption smoothing, the present paper
incorporates the time dimension in the process of recovery from a shock. For this purpose, we have
adapted the concept of resilience from ecology and defined it in the context of consumption
smoothing. Moreover, in contrast to most previous studies on consumption smoothing, the present
study utilizes weekly data collected before and after a covariate shock so as to provide empirical

evidence of resilience.

2. Definitions

The definitions of vulnerability and resilience are provided by Sakurai et al. (2010), based
on the concept of Gunderson et al.’s engineering resilience. Gunderson et al. (2002) distinguish
two ways of defining resilience in the ecological literature: one is engineering resilience, the other
an ecological definition. Engineering resilience is “the speed of return to the steady state following

a perturbation,” conceiving ecological systems as existing close to a stable steady state. Conversely,



ecological resilience assumes multiple stability domains and is measured by “the magnitude of
disturbance that can be absorbed before instabilities shift or flip a system into another regime of
behavior.” The concept of engineering resilience fits into economics, which assumes a single stable
equilibrium, while that of ecological resilience corresponds to multiple equilibria in economics.

In this paper, we adapt previous definitions and propose a new set. The definitions are
schematically presented in Figure 1. The vertical axis measures the level of consumption, and the
horizontal axis represents time. Figure 1 shows that the consumption level at the steady state is ¢,.
From time 0 to the time when a shock occurs, the consumption level remains at the steady-state
level. In a short run, we can assume the consumption level to be constant. Then, owing to the shock,
household consumption plunges from c,. In this regard, two types of household are displayed in the
figure. In Household A, after the shock the consumption declines to ¢, a level above the threshold
¢, then it starts recovering at time t; and reaches the original level at time t,. The recovery may not
take place immediately after the shock; rather, the lowest level of welfare may continue for a while.
But the point is that the consumption of Household A recovers within a short period of time (t, — t;).

The other type is Household B. The consumption goes down to ¢y, a level below the threshold ¢,
after the shock. In this case, the household’s consumption remains at ¢y, for a long period—enough
to allow us to consider it “permanent.” The contrast in the two types of consumption dynamics is

very similar to that between transitory and chronic poverty, but the threshold is not the same as a
poverty line.
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Figure 1 Schematic Definitions of Vulnerability and Resilience

Based on Figure 1, sensitivity, vulnerability, engineering resilience, and ecological

resilience can be defined as follows. Sensitivity refers to the reduction of consumption against one
unit of an exogenous shock: Household B is more sensitive to the shock than Household A because
the former reduces consumption more than the latter, assuming the size of the shock to be the same.
A household with lower sensitivity is not necessarily a better household: for example, a very poor

household already below the threshold will make a very small reduction in consumption even if a



shock occurs. Vulnerability is a very similar concept to sensitivity; but unlike with sensitivity,
vulnerable households should be judged worse than non-vulnerable households. Thus, vulnerability
can be defined as the probability that a household’s consumption level will fall below the threshold
level given a shock of fixed magnitude. A household whose consumption level is currently below
the threshold should be excluded from the application of this definition or be considered 100%
vulnerable. If we compare Household A and Household B, although the consumption level of the
former is always above the threshold and that of the latter falls below the threshold, the
probabilities are not 0% and 100%, respectively. We can say qualitatively that Household A is less
vulnerable than Household B, but in order to obtain the probabilities we need to empirically
estimate their sensitivity against a shock and the threshold.

Conversely, resilience concerns the recovery rather than the shock itself. If we assume a
system with a single equilibrium, the concept of engineering resilience can be applied, and
resilience can be defined as the speed of recovery of consumption from a shock. In Figure 1, the
recovery speed is the slope between t; and t,: it is (¢, — ¢5) / (t2 — t;) in the case of Household A and
0 in the case of Household B. Thus, we can say that the resilience level of Household A is higher
than that of Household B. This definition is simple, and the speed is easily calculated if the data are
available, but in practice we need to control for the magnitude of shock. Otherwise, a household
with less shock could be considered less resilient because there is no recovery. Finally, considering
a system with multiple equilibriums, Household B is regarded as having changed its regime, e.g.,
from a high-consumption to a low-consumption regime, owing to the shock, and therefore we can
qualitatively define Household A as resilient and Household B as not resilient. Quantitatively,
ecological resilience is defined by the maximum magnitude of a shock from which a household can
recover its consumption to the original level. Thus, it will be obtained by estimating the magnitude
of a shock required to reduce the consumption level of a household to the threshold level. By this

definition, the greater the shock, the more resilient is the household.

3. Data

This paper uses data collected as part of the Resilience Project of the Research Institute of
Humanity and Nature. The project’s study area is the Southern Province of Zambia, the most
drought-prone zone in the country, with annual precipitation of less than 800 mm. Within the study
area, three agro-ecologically distinctive sites, namely Site A, Site B, and Site C, were selected for
detailed household survey, based on our own preliminary extensive survey in the study area
(Sakurai, 2008). The three sites are spread over the slope adjoining Lake Kariba: Site A is located
on the lower terrace of the slope on the lakeshore; Site C is on the upper terrace of the slope on the
southern edge of the Zambian plateau; and Site B is located on mid-escarpment between the other
two sites. Based on a village census conducted before the rainy season in 2007, 16 households in
each site, thus 48 households in total, were selected for the survey.

The household survey consists of three components: (i) interview of sample households;
(i1) anthropometric measurement; and (iii) rainfall measurement at the plot level. The interview

was conducted every week by an enumerator, using structured questionnaires to obtain information



about household agricultural production, income, consumption, and time use. For the
anthropometrics, the same enumerator measured household members’ body weight, height,
skin-fold thickness, and upper-middle arm circumference using special instruments at the time of
interview. Plot-level rainfall was recorded every 30 minutes by a rain gauge installed on a plot of
each sample household. The data collection started in November 2007 at the beginning of the
2007/08 rainy season and is planned to continue until November 2011, at the end of the 2010/11
cropping season.

In December 2007, just after the beginning of the household survey, a heavy rainfall
occurred at the study site. This was a very rare event in the drought-prone zone of Zambia and
caused serious damage to agricultural production. Hence, this paper focuses on this heavy rain
shock using data collected at site A because this site was the one most severely affected. We
analyze the data covering the first two cropping years (i.e., from November 2007 to December
2009) so as to observe the heavy rain shock and the process of recovery from it. Household data
were collected every week during the two-year period, but they are aggregated at the monthly level
for this paper. As a result, the structure of the dataset is a panel of 16 households for 26 months. It

is an unbalanced panel because some data are missing.

4. Rainfall

Following the definition of resilience given in the previous section and in Figure 1, a
shock must be specified in terms of timing and magnitude. First, we confirmed the heavy rain from
the rainfall pattern recorded by the rain gauges. As shown in Figure 2, there was a sharp rise in
weekly rainfall in December 2007, which was not observed in December 2008 and 2009. The
average rainfall of 16 rain gauge spots amounted to 473 mm in the week of December 24", 2007. It
was almost 30% of the total rainfall of the rainy season of 2007/08 (November 2007 to April 2008),
and more than twice as high as the highest weekly rainfall in the rainy season of 2008/09, which
was 239 mm, recorded during the week of March 12" 2009.

Not only the rainfall during the week of December 24", 2007, but also the total rainfall of
the rainy season was much higher in 2007/08 than in 2008/09: the former was 1,596 mm and the
latter 1,312 mm on average. But the difference is smaller than that of the week of December 24"
(473 mm vs. 102 mm). This is because in February and March rainfall was greater in 2008/09 than
in 2007/08. We cannot confirm, however, how unusual the heavy rainfall in 2007/08 was because
no long-term rainfall records are available for our study sites. Nevertheless, villagers judged the
heavy rain in 2007/08 to be a rare event that may happen once in several decades, and we could
observe that many farmers lost maize plants, which were in the growing stage at the time of the
rain, and some important infrastructure, such as roads and bridges, was lost because of floods
caused by the rain. Therefore, we consider that there was a common shock in December 2007

among the sample households at site A.
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Figure 2 Average Weekly Rainfall and Maize Price

Although this report does not show any impact of the heavy rainfall on agricultural
production, the aggregate impact is obvious: the price of maize, the most important staple food at
the study site, increased in the local market after the rainy season of 2007/08, as shown in Figure 2,
probably owing to the poor harvest that season. The nominal price continued to escalate until the
harvesting of the 2008/09 crop in March 2009.

The 16 rain gauges of the sample households are distributed within just a 5-km radius.
But rainfall levels among them are not uniform. As summarized in Table 1, the amount of annual
rainfall was higher in 2007/08 than in 2008/09, averaged for the 16 rain gauges, but their standard
deviation was lower in 2007/08 than in 2008/09. As a result, the coefficient of variation was much
lower in 2007/08 than in 2008/09. We suppose that the case of 2008/09 is closer to the ordinary
condition at the study site, but, as noted above, we do not have any reference with which to
compare our data.

Figure 3 shows the amount of annual rainfall recorded at each sample household’s plot.
The household IDs on the horizontal axis are in the order of annual rainfall for 2007/08. The lowest
rainfall observed at the plot of household 103 was 1,558 mm per year, while the highest rainfall
was 1,698 mm per year at the plot of household 116. The annual rainfall for 2008/09 was lower
than that for 2007/08 at every household, as shown in Figure 3. But the order is not the same over
the two years: the lowest was 1,151 mm, recorded at household 113; the highest was 1,404 mm,

recorded at household 109. The amount of rainfall in 2007/08 and 2008/09 is positively correlated,
with a coefficient of 0.417, but it is not statistically significant at the 10 percent level. By
comparing the two patterns of rainfall distribution among the sample households, the heavy rain in
2007/08 seemed to have been a common shock for them, though the amount of rainfall varies

temporally as well as spatially. Thus, rainfall can be considered an idiosyncratic shock.



Table 1 Annual Precipitation of 2007/08 and 2008/09 Cropping Year

Cropping Year Number of Mean Standard Dev. Coefficient of Maximum Minimum
Rain Gauges (mm) (mm) Variation (mm) (mm)
2007/08 16 1,596 40 0.025 1,698 1,558
2008/09 16 1,312 78 0.059 1,404 1,151
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Figure 3 Distribution of Annual Rainfall among Sample Households

5. Food Consumption

Average food consumption per week per adult equivalent (hereafter, simply adult) among
the sample households is calculated for every month from November 2007 to December 2009. The
food includes not only self-produced food, but also food purchased, received either as public food
aid or a gift, and collected/caught in the field. Except for purchased food, the values are estimated
based on respondents’ subjective judgment and the market price. The total value of the food
consumed per week is averaged for the monthly level and then deflated by the monthly price index,
based on observed prices at the local market and consumption baskets at the study sites estimated
from our own data. It should be noted that because maize amounts to about half the total value of
consumption, the curve of the monthly price index is quite similar to that of the nominal maize
price shown in Figure 2. In addition to the real value, this paper presents the amount of food
consumption in terms of its total calories. The calorific values are estimates based on the weight of
food items consumed by sample households using standard coefficients given in Zambia Food
Composition Tables (National Food and Nutrition Commission, 2009). They are calculated only for
selected high-calorie foods, such as cereals, beans/peas, and roots/tubers. The results are given in

Figure 4.
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Figure 4 Average Food Consumption per Week per Adult

As shown in the figure, food consumption in terms of both real value and energy plunged
in January 2008 just after the heavy rain and started recovering after March 2008. However, while
we can observe a modest recovery in calorie intake after March, the recovery of food value is very
slow. Considering that the maize price began to increase after the harvest season of 2007/08, the
widening gap between value and calorie intake implies that villagers consumed relatively cheap,
high-energy food. In fact, wheat flour and beans were distributed as food aid during that period
(Kitsuki and Sakurai, 2011), and wheat flour was a cheaper energy source than maize flour in April
and May 2008 (0.41 ZMK/kcal vs. 0.65 ZMK/kcal). Then, towards the end of the dry season of
2008, the maize price increased, and as a result the real value of consumption also increased, while
the calorie intake decreased. This has to be another impact of the heavy rain in December 2007
through the higher market price of maize. Only after the harvest of the 2008/09 rainy season in
March 2009 did calorie intake recover to a level close to that before the heavy rain, and the real
value of food consumption stabilized. Applying this observed pattern to Figure 2, we could say that
a shock occurred in December 2007 and recovery from the shock started in April 2008, taking one
year to complete.

We can confirm that the change in calorie intake had some impact on the villagers’
well-being by examining their body weight. Figure 5 is produced from the data of weekly
body-weight measurement of household members and shows the ratio of deviation from the sample

mean for each month. From the figure, although body weight was quite variable, we can see a



small drop during the cropping season of 2007/08 and a big drop during the cropping season of
2008/09, both of which correspond to the plunge in calorie intake. Therefore, we may consider that
the change in calorie intake after the heavy rain in December 2007 had a real impact on the
villagers. The impact is somewhat greater with female adults than with male adults, but the pattern
of the two curves is almost identical. Body-weight change is affected not only by the amount of
food intake, but also by the intensity of physical activities. Based on the same weekly survey,
Nasuda et al. (2011) show that males and females equally increased their working time after the
heavy rain in December 2007, although females always work longer than males, including
domestic chores. This observation concerning working time seems to be consistent with the

body-weight change shown in Figure 5.
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Figure 5 Monthly Body-Weight Change

6. Measuring Resilience

Following the definition of resilience discussed in section 2, engineering resilience is
measured by the speed of consumption growth during the recovery period after a shock, namely
from March 2008 to April 2009 according to Figure 4.

The speed of consumption growth can be written as

R = log (Ci) — log (Cir.1) (1) or
R, = log (Ki) — log (K1) (2)

where R, stands for resilience measured by real value of food consumption and R stands for
resilience measured by calories for household i at time ¢. The former is obtained by the difference
of natural logarithms of real value of food consumption per week per adult in time ¢/, C; and that
in time ¢-1, C;,.;. The latter, on the other hand, is obtained similarly from the difference of natural
logarithms of calorie intake per week per adult, K;.; and K;,.. In our case, the unit of time is one

month.



We use either consumption growth measures as the dependent variable and regress it on the

explanatory variables given in Table 2.

Table 2 Explanatory Variables for Regression Analyses

Variable Description

RAIN; Amount of rainfall recorded on household i’s plot in time ¢

VRAIN, Average amount of rainfall of sample households in time ¢

RECOV A dummy variable for the period of recovery, i.e. from April 2008 to April 2009

LAND;, Total acreage of household i’s cropped land in agricultural year y

CATL;, Real value of cattle per adult that household i owns at the beginning of ag. year y

SMLYV;, Real value of livestock other than cattle (small livestock such as goats and pigs) per adult

that household i owns at the beginning of agricultural year y

ASSET;, Real value of assets other than land or livestock per adult that household i owns at the
beginning of agricultural year y

AGE;, Age of the head of household i at the beginning of agricultural year y

AE;, Adult equivalent size of household 7 at the beginning of agricultural year y. The weight for
children at and under the age of 12 is one third of adult.

D, Dummies for each period excluding November and December 2007 (they are assumed to
be base month) and the recovery period (from April 2008 to April 2009). The subscription
n indicates a serial number of month during the survey period: for example, n=3 for
January 2008, n=4 for February 2008, n=25 for November 2009, n=26 for December 2009,

and so on.

As explained above, the data-collection period was 26 months, from November 2007 to
December 2009. Hence, time period t is from 1 to 26. However, the agricultural year starts in
November, the onset of the rainy season, and ends in October of the following year. Therefore, the
dataset covers two agricultural years fully, i.e., 2007/08 and 2008/09, plus two months in 2009/10,
i.e., November and December 2009.

Among the explanatory variables listed in Table 2, RECOYV signifies directly measuring
“resilience” because the estimated coefficient for RECOV is the speed of recovery averaged among
the sample households during the period April 2008 to April 2009. RAIN,, household-specific
rainfall, is to capture household i specific shocks from rainfall. As discussed earlier, rainfall is
spatially variable, and we would expect its variation to be sufficient to capture a
household-specific shock. Therefore, it is hypothesized that a household with a higher rainfall
suffers a severer shock and hence reduces consumption more. Such an effect can be observed soon
after the shock, when villagers start expecting lower income, but because the heaviest rainfall took
place at the end of December 2007, we conjecture that its impact is likely to appear the following
month in our monthly dataset. Therefore, lagged variables, namely RAIN;,; and RAIN; ,, are used

as the explanatory variables. Moreover, because the immediate effect of the heavy rain should last



for a few months, interaction terms between the household-specific rainfall and dummy variables
for the months after the heavy rain period (January to March 2008) are added to the explanatory

variables. VRAIN, is, on the other hand, common to all the households, although it varies every

month. For the same reason as with RAIN;,, VRAIN, also takes lags.

Table 3 Regression Results for Measuring Resilience

Model RE FE RE FE
ependent Variable RS, RS, RE, Rk,
W (real value) (real value) (calorie) (calorie)

RECOV (n=6 — 18) -0.17 (0.11) -0.11 (0.19) 0.65 (0.32)" 0.62 (0.38)
RAIN ;,.; (107%) 0.07 (0.16) 0.09 (0.17) 1.02 (0.42) 1.22 (0.41)""
RAIN 4,5 (10?) -0.14 (0.18) -0.12 (0.20) -0.40 (0.40) -0.24 (0.41)
VRAIN,.; (107%) -0.06 (0.15) -0.10 (0.15) -0.08 (0.04)” -0.98 (0.40)”
VRAIN,. (10) 0.13 (0.18) 0.09 (0.21) 0.26 (0.43) 0.11 (0.47)
D; (January 2008) -0.13 (3.52) -0.46 (3.37) 13.2 (5.70)" 9.84 (6.12)
D, (February 2008) -8.55 (5.93) -8.78 (6.24) -11.2 (9.70) -14.3 (9.79)
D5 (March 2008) 11.4 (7.05) 12.4 (7.30) 37.0 (20.0)" 38.5(21.3)"
RAIN ;,.; x D3(107?) -0.13 (0.43) -0.06 (0.42) -1.58 (0.62)” -1.25 (6.22)"
RAIN ;. x D5(107) 1.64 (1.41) 1.54 (1.47) -0.38 (2.35) -0.89 (2.29)
RAIN ;,.; x Dy,(107) 0.26 (1.00) 0.32 (1.07) 2.43 (1.84) 2.80 (1.98)
RAIN ., x Dy(107) 8.21 (0.62) 0.85 (0.67) 0.20 (0.91) 0.32 (1.04)
RAIN ;,.; x D5(107%) -5.04 (4.28) -6.02 (4.70) -12.3 (9.22) -15.7 (10.3)
RAIN ., x D5(107) -1.45 (1.07) -1.46 (1.07) -5.65 (3.19)" -5.22 (3.26)
LAND,, -0.01 (0.10) 0.01 (0.17) 0.31(0.24) 0.13 (0.34)
CATL;,(107) 1.34 (0.99) -0.08 (1.77) 1.89 (3.71) 0.22 (3.73)
SMLV;,(107) 1.43 (1.24) 0.54 (1.61) 3.15(2.51) 3.42 (4.03)
ASSET,(10°) -5.15 (4.06) -3.89 (4.07) -2.16 (1.44) -2.53 (1.89)
AGE;,(107%) -0.34 (0.15)" -0.66 (2.22) -0.04 (0.04) -18.5 (47.5)
AE,(10™) -0.23 (0.22) 0.60 (0.33)" 0.29 (0.56) -1.14 (0.63)"
D, (n=19 —26) +,-,-* +or - +***,+* or + + or +
Constant 0.38 (0.19)” -4.23 (9.42) -0.87 (0.48)" 8.23 (21.5)
Number of observations 257 257 256 256
Number of households 15 15 15 15
R*(overall/within) 0.13 0.14 0.16 0.18

Note: Robust standard errors are in parentheses. ***, ** and * indicate 1%, 5%, and 10% significance level respectively.
The number of sample households in site A is 16 as described, but one household has been dropped from the regression
because of missing data.

Because the data are panel data, we tried to estimate both fixed-effect and
random-effect models, although the Hausman test generally supports the use of the random-effect

model. The regression results are given in Table 3. Because the real value and calorie intake move



differently, as shown in Figure 4, regression results differ between the two dependent variables.
Generally, the results for calorie intake are better in terms of significance and fitness.

First of all, for the calorie intake, the sample households generally show significant
“resilience” for the period April 2008 to April 2009 because the coefficient for RECOV is positive
and significantly different from zero (random-effect model only). As for real value of food
consumption, however, it is not significant. From Figure 4, it is apparent that contrasting results are
plausible.

With regard to rainfall variables, the results are not so straightforward. First,
household-specific rainfall has a significantly positive effect on consumption growth. If we
consider that this variable is to capture the heavy rain effect, the sign is unexpected. But because
we have interaction terms, rainfall without interaction should capture an ordinary relationship
between rainfall and consumption via agricultural production: the better the rainfall, the better the
harvest, resulting in more consumption. Second, village average rainfall has a significantly
negative effect. Does it capture the heavy rainfall shock? No, it expresses a simple seasonal
relationship between rainfall and consumption: during the rainy season, rainfall is high and
consumption is low even without rainfall shock. Third, out of the three dummy variables for the
months after the heavy rain (D;, Dy, and Ds), two have a significantly positive sign, which is
unexpected considering that consumption was declining during this period. However, the
interaction terms between RAIN;.; and D; and Ds have a significantly negative sign and cancel the
positive effect of the month dummies. As a result, we can confirm that the postulated hypothesis,
whereby a household with a higher rainfall suffers a severer shock and hence reduces consumption

more, is supported by the data.

7. Factors Affecting Resilience

Now, our questions are who is more resilient and whether there are any households that
do not recover from the shock. To identify factors affecting resilience, i.e., the speed of recovery,
new interaction terms are added to the previous regression models. They are the product of RECOV
(dummy for recovery period) and household asset variables (LAND;, CATL,, SMLYV,, and
ASSET;,) because we expect that asset holding is the key for households to recover from a shock.
Assets should include human capital and social capital, but this paper focuses only on physical
assets. To see the effect of asset holdings clearly, the 16 sample households are divided into two
groups based on the asset-holding level: one is rich, whose total value of cattle holdings as of
October 2007 was above the median, and the other is poor, who are not in the rich group. Then,
random-effect regressions are conducted for the full sample as well as each group separately.

Regarding sensitivity to rainfall shock, the regression results in Table 4 exhibit some
interesting contrasts. First, the rich do not seem to be so sensitive to rainfall, while the poor are
more sensitive because the coefficients for RAIN and VRAIN are significant only for the poor. In
addition, the negative impact of heavy rain began appearing in January 2008 in the case of poor
households, but in the case of rich households the impact was observed only after February 2008.

Thus, there is one-month delay for the rich households to reduce consumption after the heavy rain.



This also implies that the poor are more sensitive to rainfall shock than the rich. As discussed in

section 2, sensitivity is not the same as vulnerability, but because the poor are more sensitive to the

rainfall shock than the rich, some of the poor households could easily fall below the threshold, i.e.,

they are vulnerable.

Table 4 Regression Results for Identifying Factors Affecting Resilience

Model RE RE RE
Stratum Full Sample Rich Poor
ependent Variable RY, Rt Rt
Explanatory Varia (calorie) (calorie) (calorie)
RECOV (n=6 — 18) 0.62 (0.34)" 0.87 (0.53)" 0.33 (0.57)
RAIN ;,.; (107%) 1.05 (0.20)” 1.03 (1.04) 1.30 (0.41)™"
RAIN 4,5 (10?) -0.39 (0.19) -0.32 (0.91) -0.39 (0.65)
VRAIN,.; (107) -0.87 (0.42)" -0.73 (1.00) -1.21 (0.32)
VRAIN,. (10) 0.22 (0.46) 0.06 (0.91) 0.32(0.72)
Dj; (January 2008) 15.2 (6.01)" 8.03 (11.5) 16.0 (8.80)"
D, (February 2008) -9.33 (9.98) -17.9 (4.79)" 14.3 (10.4)
Ds (March 2008) 38.3(20.5)" 74.8 (20.1)"" 8.33 (15.2)
RAIN ;,.; x D3(107?) -1.80 (0.68)"" -1.06 (1.44) -1.87 (1.10)"
RAIN ;. x D5(107) -0.31 (1.97) -0.99 (9.17) 0.03 (1.94)
RAIN ;,.; x D4(107?) 2.41(1.91) 4.28 (2.90) -2.52 (0.94)""
RAIN 1. x Dy(107) 0.01 (1.01) 0.12 (1.47) -0.36 (0.73)
RAIN ;,.; x D5(107?) -12.7 (9.50) -27.0 (10.8)" -3.67 (10.5)
RAIN ., x D5(107?) -5.87 (3.17)° -11.0 (2.44)™ -1.08 (3.42)
LAND,, -0.17 (0.19) 0.49 (0.15)"" 0.13 (0.08)"
CATL;,(107) -1.50 (2.28) -0.17 (4.51) -6.34 (22.1)
SMLV;,(107) -0.38 (2.64) 4.76 (4.18) -9.41 (26.9)
ASSET,(10°) -0.76 (0.50) -0.70 (1.00) -2.62 (25.8)
AGE;,(107) -0.22 (0.33) -0.18 (0.41) -0.08 (0.36)
AE,(10™ 0.16 (0.43) 0.56 (0.69) 0.13 (0.26)
RECOV x LAND;, 0.29 (0.55) 0.30 (0.43) 0.67 (0.37)"
RECOV x CATL,(107) 8.12 (4.99)" -7.37 (7.50) 4.71 (33.2)
RECOV x SMLV,,(107) 6.75 (2.81)" -3.96 (7.94) -30.0 (85.4)
RECOV x ASSET;,(10°) -3.85 (2.88) 3.96 (2.77) -5.93 (5.96)
D, (n=19 — 26) +7 " or + +7 +or + + or +
Constant -0.66 (0.36)" -1.42 (0.68)” -0.43 (0.69)
Number of observations 256 125 131
Number of households 15 8 7
R’(overall) 0.18 0.34 0.21

Note: Robust standard errors are in parentheses. ***, ** and * indicate 1%, 5%, and 10% significance level respectively.
The number of sample households in site A is 16 as described, but one household has been dropped.



8. Conclusions

In this paper, we first present a new, empirically workable definition of resilience in the
context of consumption smoothing. Then, following the definition, we empirically estimate
resilience using the data collected in a rural area of Zambia, where its rain-fed agriculture is highly
affected by rainfall variation. In this particular dataset, a heavy rain took place in December 2007.
Resilience is measured as the speed of consumption recovery after the heavy rain shock.

Our panel data analyses reveal that the heavy rain caused a shock, i.e., reduction of food
consumption, among the sample households, and it took almost one year for them to recover from
the shock. Resilience is defined as the speed of recovery, and our analyses show that household
assets, such as land and livestock, have a positive effect on enhancing resilience. If we divide the
sample into rich and poor groups based on the value of cattle holdings, households in the rich
group are more resilient than those in the poor group on average because the coefficient of RECOV
is significantly positive for the rich group but it is not significantly different from zero for the poor
group on average. The insignificant sign for the poor implies that some of them who lack sufficient
assets may not be able to recover consumption. Moreover, it is found that households in the poor
group are more sensitive to the rainfall shock: they reduce consumption more quickly after the
shock than those in the rich group. Following our definition, sensitivity is not the same as
vulnerability, but because the poor are more sensitive to the rainfall shock than the rich, some of
the poor could easily fall below the threshold, i.e., they are vulnerable.

We do not indicate how the sample households recover their consumption from the shock
in this paper, although we have evidence that households increase labor supply not only in
agriculture but also in non-agriculture after the shock, and households increase the sales of
livestock, particularly small animals like goats and pigs, after the shock. Moreover, we find that
households reduce consumption of non-food goods and services after the shock, although they
maintain the level of food consumption. Incorporating those coping behaviors into analyses of

factors affecting resilience is a very important research topic that we intend to tackle very soon.
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Abstract

In rural Africa, the liquidation and accumulation of productive assets, such as large
livestock, lie at the heart of livelihood strategies to smooth consumption against fluctuating income
(the buffer stock hypothesis). Previous studies have tested this hypothesis but have reported
inconsistent results. A possible explanation for such results, and one noted in the growing literature
on asset dynamics, is that poorer households may choose to maintain and smooth productive assets
rather than to smooth consumption. However, very little empirical evidence exists on the matter.

This study re-examines the buffer stock hypothesis regarding cattle by taking
wealth-differentiated smoothing tendencies into account. First, this paper introduces measurable
definitions of sensitivity and resilience in terms of asset fluctuations. The former is defined as the
level of impact a shock has on household assets, while the latter is the recovery level after the
shock.

Second, this paper employs a high-frequency panel data set of agricultural households
from Southern Province, Zambia, one of the most drought-prone areas in the country. The data
were collected between 2007 and 2009, a period that includes the occurrence of a rare heavy
rainfall year within the study site. This study uses panel estimation techniques to investigate
whether a threshold exists in asset holding level that distinguishes between asset smoothing and
consumption smoothing, and to estimate the determinants of asset sensitivity to a heavy rainfall
shock for each regime.

Results reveal that household sensitivity depends on the number of cattle held before the
shock, suggesting the existence of multiple dynamic asset equilibria. However, those who preserve
their cattle holdings during a flood-year may be affected by a lagged rainfall shock in the following
year, with implications for the long-term relationship between asset dynamics and economic
mobility. This paper also suggests that the determinants of sensitivity may be distinct in each

wealth quartile.

1. Introduction

Many of the poor living in rural Africa face significant risks and are highly vulnerable to
unexpected negative income shocks such as family illness and natural disasters (Dercon, 2005).
Their responses to these shocks are twofold: ex-anfe risk-management strategies and ex-post
risk-coping strategies (Morduch, 1995). Traditionally, with regard to the latter, it has been

hypothesized that households liquidate productive assets, such as large livestock, to maintain their



consumption standards. This strategy is very costly in terms of forgone future income and has a
direct relationship with poverty dynamics. There have been a great number of studies to test this
hypothesis.

Such studies, however, have reported inconsistent results and have provided very little
evidence of consumption smoothing (Rosenzweig and Wolpin, 1993; Kurosaki, 1995; Fafchamps
et al., 1998). For example, Fafchamps et al. (1998) found that livestock sales in Burkina Faso
offset 15-30%, at most, of the crop income shortfalls during severe drought years in the 1980s, and
the majority of the surveyed households still held livestock by the end of the drought. One possible
explanation for these results is that poorer households may choose to maintain and smooth
productive assets rather than to smooth consumption, implying the existence of a threshold level of
asset holding between the two types behavior (Zimmerman and Carter, 2003). To our knowledge,
only Lybbert and Carter (2010) have provided empirical evidence of this threshold. Using the same
data as Fafchamps et al. (1998), they directly estimated a dynamic asset threshold that divided
asset smoothers and consumption smoothers by using sample splitting techniques.

This study also examines the buffer stock hypothesis with regard to cattle and provides
evidence of a threshold in asset holdings. However, unlike Lybbert and Carter (2010) who used
yearly livestock transaction data, this paper uses a high-frequency panel data set of agricultural
households from Southern Province, Zambia, which allows us to examine asset dynamics after a
shock in detail and distinguish clearly between a coping period and a recovery period. The data
were collected between 2007 and 2009, a period that includes a year of extremely heavy rain, a
rare event in one of the most drought-prone zones in the country. This heavy rainfall produced a
deluge that damaged crops, washed away fields, and destroyed infrastructure such as roads and
bridges. To discern between the different behavioral regimes, this paper first constructs a monthly
stock series for cattle using a wealth quartile. Then, panel estimation techniques are employed to
investigate the existence of an asset level threshold that separates the asset smoothing regime and
consumption smoothing regime, and to estimate the determinants of sensitivity to the rainfall shock
for each regime.

The remainder of this paper proceeds as follows. Section 2 introduces definitions for
sensitivity, resilience, and vulnerability with regard to asset fluctuations. A data description is
provided in Section 3. Section 4 presents the econometric models used to estimate the determinants
of the defined sensitivity and discusses the estimation results. Conclusions, including suggestions

for future research, are offered in the paper’s final section.

2. Analytical Framework
2.1 Definitions

To empirically analyze asset responses to shock and the subsequent recoveries, this
section introduces three concepts concerning asset dynamics: sensitivity, resilience, and
vulnerability.

Figure 1 schematically presents definitions for sensitivity and resilience, following Carter

et al. (2006) with regard to assets and Sakurai et al. (2010) with regard to consumption. The x-axis



measures time and the y-axis measures asset stocks. At the time (ty) when the shock occurs,

disposable household income may be reduced below its normal level. In response to the shock, the

coping
period

recovery
period

Assets

Figure 1: Schematic diagram of sensitivity and resilience

household may liquidate their assets, such as cattle, to stabilize consumption. This hypothesis is
termed the buffer stock hypothesis (Rosenzweig and Wolpin, 1993). The decline in household
assets is shown in Figure 1 by a drop in assets from 4, to A.'. Then, the household exits from

the shock and starts accumulating productive assets again for the purpose of precautionary savings
or simply, production. The recovery of household assets is shown by the A, to A, trajectory.

Sensitivity (S) and resilience (R), as shown in Figure 1, can be defined as:

S=EA—Apy=484; R=A,— A =404, (1)

S refers to the level of impact a shock has on household assets, while R refers to the recovery level
after a shock.

As shown in Figure 1, the full economic effects of an environmental shock can be traced
via two stages: the coping period when households deal with the immediate losses created directly
or indirectly by the shock; and the recovery period when households use coping strategies to
rebuild depleted assets. To calculate sensitivity and resilience as defined above, it is necessary to
identify a shock where the impact and the following coping and recovery periods can be
investigated, including specific start- and stop-times for both periods.

Sakurai et al. (2010) defined sensitivity and resilience with regard to household
consumption in a similar way to this study. However, in their empirical analysis they dealt with

only the case of a single equilibrium, and adapted the speed of return to the steady state as a

1 T (13 "e2] [IPSi] b b €699
Subscript “b” refers to levels before the shock, “c” refers to levels after the coping period, and “r” refers to levels after
the recovery period.



workable definition of resilience. Multiple equilibria are critical in the context of household assets
and thus, in this study, different definitions are provided®. This point is discussed further in the
following subsection.

2.2 Shocks, Asset Fluctuations, and Poverty

Previous studies on asset dynamics have suggested that at least two distinct asset
thresholds exist: an asset poverty line and the Micawber threshold. The former was employed in
studies investigating economic mobility using asset information (Carter and Barrett, 2006). This
asset-based approach to poverty can reduce observed household economic transitions into
structural poverty changes versus stochastic mobility, which is driven by temporary shocks and
recovery. To distinguish between these two variants, Carter and May (2001) introduced the asset
poverty line. This line is the level of assets that predicts the money metric poverty line, ¢. In a
mathematical sense, the asset poverty line, denoted by 4, is defined as 4 = {A4|é(4) = ¢}, where
¢(A) is a function of a vector regarding asset stocks to expected expenditure flows, termed
livelihood mapping.

The asset poverty line enables us to immediately define a vulnerable household with
regard to asset fluctuations as one with a high probability of falling below the asset poverty line, in
an ex-ante sense. Vulnerability is empirically defined in this paper as a vulnerable household that
has fallen below the asset poverty line after a shock, in an ex-post sense’. With a measurable
definition of vulnerability and an estimated asset poverty line, we will be able to observe economic
mobility with regard to assets.

The Micawber threshold, denoted by A,,, is defined as an asset level where wealth
dynamics naturally bifurcate. The existence of the Micawber threshold has been suggested in
several recent studies that have provided evidence of asset dynamics within a particular context as
being nonconvex, compared with the standard assumption that asset dynamics are convergent
(Zimmerman and Carter, 2003)*. The Micawber threshold theoretically influences how households
cope with negative shocks: those who sit just above the Micawber threshold, but are in danger of
falling below it, would choose asset smoothing rather than consumption smoothing. Hoddinott
(2006), for example, found strong evidence of asset smoothing above the dynamic asset threshold
among the poor in rural Zimbabwe. Moreover, Lybbert and Barrett (2010) theoretically illustrated a
possibility that nonconvex asset dynamics with multiple equilibria systems could lead those just
below the Micawber threshold to engage in excessive risk-taking behavior to escape the poverty
trap. This asset smoothing hypothesis could offer a possible explanation for the inconsistent results
regarding the use of livestock as buffer stock (Rosenzweig and Wolpin, 1993; Kurosaki, 1995;
Fafchamps et.al., 1998).

% The concept of resilience originated in the ecological literature. According to Gunderson et al. (2002), there are two
different ways of definition, depending on the assumption of the number of equilibria: engineering resilience and
ecological resilience. The former is “the speed of return to the steady state following a perturbation,” conceiving
ecological systems to exit close to a stable steady state. On the other hand, the latter assumes multiple stability domains
and is measured by “the magnitude of disturbance that can be absorbed” before instabilities shifts or flip a system into
another regime of behavior (Sakurai et al., 2010).

3 This definition is applied by one of practical consumption vulnerability measures.

* Note that this finding is under the strong assumption that this threshold is the same for every household.



It is important to note that the order of the two asset levels is theoretically obscure. Thus, it is
necessary to distinguish the following two cases: case 1, 4 = 4, and case 2, 4 = A4,,. For
example, case 1 occurs if the asset poverty line is lower than the minimum asset threshold required

to obtain high rates of return under local increasing returns to assets.
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Figure 2: Asset responses to shock

Figure 2 shows asset responses to shock for households with different levels of initial

asset endowment (i.e., asset levels before the shock), where A;, denotes the asset level of a
household (i) during a particular period (p) (i = 1, 2,3,and p = b, ¢, r). As illustrated in Figure 2,

households who are just above the Micawber threshold (i.e., household 2) will not draw down their
assets even after the shock in both cases 1 and 2. However, distinguishing between the two cases is
a useful step in considering asset vulnerability. With regard to the definition of vulnerability given
above, household 3, in case 1, is recognized as a vulnerable household, as is household 1 in case 2.
However, in case 2, household 3 is more problematic than household 1 because it is trapped within
the lower equilibrium. Thus, it is necessary to ascertain whether the economy lies, in case 1 or case

2, as the answer will vary policy implications induced by the asset based approach toward poverty.

3. Data

This paper uses a panel data set regarding rural households in Zambia. The data were
collected from October 2007 to December 2009 as part of the Research Institute for Humanity and
Nature’s (RIHN) Resilience Project. Zambia is situated in the Semi-arid Tropics (SAT) where
people’s livelihoods depend largely on rain-fed agriculture. Climatic variation, especially regarding
rainfall, is a substantial covariate risk that threatens the subsistence of Zambian farmers. In Zambia
the crop year runs from November to October and can be divided into a rainy season
(November—April) and a dry season (May—October). Thus, the data used in this paper includes two
crop years, 2007/08 and 2008/09.



The Project’s study area lies alongside Lake Kariba in Southern Province, Zambia, the
most drought-prone area in the country. Within the research area, the Project chose three
ecologically distinctive sites for the high-frequency household survey, based on an extensive
village census conducted in 2007 (Sakurai, 2008). The three sites are a lower flat lake-side area,
site A, a middle escarpment area, site B, and an upper terrace on the Zambian plateau, site C. From
each site, 16 households were selected to participate in the household survey, which was based on a
2007 village census (Sakurai, 2008). Thus, 48 households in total were interviewed weekly during
the survey period.

The sample possesses a number of desirable properties with regard to the examination of
the cattle buffer stock hypothesis. First, livestock accumulation is considered to be a store of
wealth as there are no local financial institutions (e.g., banks) in which to hold money. Table 1
presents summary statistics of the respective assets for the sampled households. The ratio of
livestock value, especially cattle value, to total asset value is relatively high. Second, two oxen (or
cows in several cases) are needed to plough, suggesting that the ownership of two cattle may be the

critical threshold perceived by farmers”.

Table 1: Annual value of household asset holding

2007 2008 2009
Percent Percent Percent
Mean tototal ~ Std. Dev  Median Mean tototal  Std. Dev  Median Mean to total Std. Dev  Median
value value value
Livestock 2001641 76.2% 3333403 1280240 1768259 79.6% 1989629 935618 2190404 72.6% 2802043 988190

large stock 1955415 512% 2787516 780033 1363691 61.6% 1611831 507352 1872243 62.1% 2583214 527035
small stock 646227 18.9% 1278434 203607 399568 18.0% 784262 133043 318161 10.5% 340104 247542
Durable assets 814772 238% 1268101 410121 453974 204% 748930 271985 799769 26.5% 987663 370361
productive 380471 11.1% 699725 197966 203497 92% 337329 91895 395444 13.1% 550040 236824
unproductive 434301 127% 780347 147173 250477 113% 457595 167123 404325 13.4% 572454 174530
Total 3416413 100.0% 4456390 2112963 2022232 100.0% 2556149 1365375 3016308  100.0% 3555639 1211994

Source: Household survey data, Resilience Project.
Note:' Value in Kwacha, the local currency in Zambia. The values of the respective assets in this table are deflated
by the local food price index calculated by the authors using the household survey data.

The dataset is comprised of three types of data: annual, monthly, and weekly data. This
paper uses both the annual and weekly data. The annual data were collected at the beginning of
each crop year and contained information regarding household demographic characteristics and
asset holdings, including livestock. In contrast, the weekly data were collected using weekly
interviews and contained information regarding households’ livestock transactions, consumption of
their own livestock, and animal births/deaths®. Thus, by combining the initial annual livestock

numbers with every livestock transaction from the weekly data, it is possible to construct a stock

> Inthe study sites, households with less than two oxen sometimes use cows to cultivate fields, although ploughing is
typically done with two oxen.

Although the weekly data also include household consumption, information on input/output related with agricultural
activity, transfers received and sent, time allocation data of each household member and health condition of each
member, this paper focuses only on livestock transactions. Future work will fully utilize this rich dataset.



series of the livestock. A further unique feature of this dataset is the collection of daily rainfall data
from the land of the 48 sampled households. This will enable us to treat rainfall as an idiosyncratic

shock, even though the rainfall pattern is similar throughout the study area’.

4. Asset Sensitivity to Rainfall Shock
4.1 Coping Period and Recovery Period

To measure sensitivity, the coping and recovery periods need to be specified using the
rainfall data collected from the households’ land. The data were collected during the 2007/08 and
2008/09 crop years.

Table 2: Annual precipitation for 2007/08 and 2008/09 crop years'

M i Percent of
can il’ll;l}la Standard Coefficient ~ Maximum  Minimum  Number of long-run regional
P rec(;fl;:) on Deviation (mm) of variation (mm) (mm) rain gauges average rainfallz,

802 mm

site A 1596 40 0.025 1699 1559 16 198.8
2007/08 site B 1574 59 0.037 1677 1488 16 196.1
site C 1404 66 0.047 1538 1313 16 174.9
site A 1312 78 0.059 1419 1166 16 163.5
2008/09 site B 1383 50 0.036 1478 1303 16 172.3
site C 1378 67 0.048 1519 1262 16 171.6

Source: Household survey data, Resilience Project.
Note: 'Not all rainfall data is complete because of technical problems with the automatic rain gauges. In the case of
missing data, rainfall amount is spatially estimated from available data.

? There are no long-term rainfall data from the study sites. We used rainfall data from the closest weather station
located in Choma, 30—60km from the study sites.

Table 2 presents summary statistics regarding annual rainfall by agricultural year and
study site. The 2007/08 crop year was a year of extremely heavy rains (with a peak rainfall in
December 2007), with levels higher than the long-term regional average, especially for sites A and
B. The heavy rainfall damaged crops, washed away fields, and destroyed infrastructure such as
roads and bridges. According to local villagers, such an event is very rare and only occurs once
every several decades. Thus, the heavy rainfall in 2007/08 could be considered as an unexpected
risk event that would have been a shock to villagers. Table 2 shows that the rainfall for the 2008/09
crop year was also relatively higher than the long-term average®. Thus, this paper categorizes the
coping period as a two-year period from December 2007 to December 2009, and will focus mainly

on the analysis of sensitivity.

4.2 Description
The previous sections have established that cattle are the main assets for both wealth

accumulation and production in the study areas. In addition, a description has been provided

7 This idea follows the work of Sakurai (2006), in which plot level rainfall data were collected and used as
idiosyncratic shock variables.

8 However, less damage to field and infrastructure was observed in 2008/09 than in 2007/08, and some sampled
households might recover their asset holdings after the harvest. Such scenario of resilience will be also examined.



regarding the heavy rainfall shock that occurred in the 2007/08 crop year, and how livelihoods
were damaged. Thus, the focus of this paper is on the fluctuations in the number of cattle owned by
the sampled households and investigates whether cattle numbers decreased in response to the
rainfall shock. This subsection will use descriptive statistics regarding cattle numbers to conduct a

Table 3: Mean number of cattle holdings by quartile

Range Number of

Quartile 2007 2008 2009 (Nummbor) Households

Q4 8.56  5.67  6.78 5~17 9
[3.43] [2.74] [5.80]

Q3 322 611 456 2~4 9
[0.83] [4.31] [2.40]

Q2 .00 3.00 275 1 8
[0.00] [4.47] [4.30]

Q1 0.00 075 042 0 20

[0.00] [2.02] [1.02]

Source: Household survey data, Resilience Project.
Note: Standard deviations are in parentheses.

preliminarily investigation into the relationship between cattle number variations and rainfall.

Table 3 presents information regarding cattle inventories among the sampled households
by wealth quartile. The quartile is based on the number of cattle holdings as of October 2007, at the
beginning of the rainy season in the first year of the survey. As shown in Table 3, most households
have no cattle in 2007. While the top quartile (Q4) experienced a decrease in the number of cattle
during 07/08, and then recovered during 08/09, the other quartiles show the opposite.

Table 4: Changes in the number of cattle per household during the 2007/08 crop year

Number of Cattle
as of October 2007
Total
Cattle=2 Cattle<2
Annual Abo.ve 1.75 (5.39) 0.18 (1.55) 0.68 (3.26)
] median N=8 N=17 N=25
Ramfall =22 0.60 (2.41 1.27 (2.45 0.95 (2.40
in 2007/08 clow 0.0 (2:41) 27(2:45) 93 (2:40)
median N=10 N=11 N =21
Total 1.11 (3.92) 0.61 (1.99) 0.80 (2.87)
o N=18 N =28 N =46

Note: The numbers represent the averages for the changes in cattle numbers and their standard deviations
are in parenthesis.

The theory of consumption smoothing predicts that where households have no other
means to compensate for a reduction in income, households with more crop damage (i.e., heavier

rainfall) will reduce cattle in greater numbers than those with less crop damage (i.e., lower rainfall).



In addition, the asset smoothing hypothesis predicts that among the households suffering from the
heavy rainfall, and with no other means to recompense, those with more cattle will liquidate
greater numbers of cattle than those keeping less cattle. Table 4 provides a matrix of changes in
cattle numbers during 2007/08, classified by rainfall level in the heavy rainfall year and cattle
numbers as of October 2007. The criterion for cattle holdings is set at two cattle. As seen in Table 4,
changes in the number of cattle held by households experiencing the heavier rainfall was less on
average than that of households with the lower rainfall. Thus, households with greater damage
reduced more cattle as predicted by the theory of consumption smoothing. In contrast, results also
showed that households with two or more cattle increased their cattle numbers during 2007/08, a
rate greater than those with less than two cattle. These results are not consistent with the asset
smoothing hypothesis’ prediction. This counter-intuitive result, in view of the asset smoothing
hypothesis, may be caused by uncontrolled factors such as household demographic information. In

addition, the assumed criterion of sample splitting could be invalid’.

Table 5: Changes in cattle number per household during the 2008/09 crop year

Number of Cattle
as of October 2007

Total

Cattle=2 Cattle<2

Aol Above  -163(548)  0.38(1.86)  -029(3.51)

] median N =28 N=16 N=24
Rainfall = =5 % 0.80 (3.01 0.85(2.54 0.13 (2.82
in 2007/08 clow — 080(3.0D)  -0.852.54)  -0.13(282)

median N=10 N=13 N=23
Total 028 (432) 017224 021 (3.15)
N=18 N =29 N =47

Note: The numbers represent the averages for the changes in cattle numbers and their standard deviations
are in parenthesis.

Table 5 presents the same matrix for the 2008/09 crop year. In Table 5, we can observe a
lagged effect for rainfall in 2007/08 on the change of cattle numbers. Furthermore, among the
households with relatively small rainfall in 2007/08, those with larger cattle holdings increased
more than those with less, suggesting the existence of multiple dynamic asset equilibria.

Figure 3 shows the evolution of mean numbers for cattle per household using the quartiles
presented in Table 3. Q4 experienced a fall in the number of cattle holdings, while the other
quartiles increased numbers during the 2007/08 crop year (see Figure 3), suggesting the existence
of an asset threshold that distinguishes between the two regimes for Q4 and the other quartiles.

The above proposition requires further discussion and so we will examine the relationship

between cattle number fluctuations and rainfall shock using a more rigorous method. To control for

? A similar result was attained from the cross-section estimation. However, the degree of freedom is too small to be
reliable. Thus, that result is not reported here.



other factors that may influence cattle number fluctuations, we will use panel estimation
techniques to investigate the existence of an asset level threshold and estimate the determinants of

sensitivity with regard to rainfall shock.
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Figure 3: Monthly mean cattle numbers per household by quartile, 2007-2009

Source: Household survey data, Resilience Project.

4.3 Econometric Analysis of Sensitivity

This section presents an econometric approach in the examination of sensitivity regarding
rainfall shock. Two factors influencing household sensitivity must be considered in the
construction of estimation equations. First, attention should be given to a household’s ability to
employ alternative coping strategies such as ex-post labor adjustments (Rose, 2001) and
non-productive asset dispositions (Udry, 1995). To capture these factors, this paper uses the ratio
of working adult males to all household members and the value of small livestock such as pigs and
goats. Second, the relative price of cattle to the price of food must be acknowledged. However,
sufficient information regarding cattle prices was not available due to a limited number of cattle
transactions. Instead, this paper uses the price of goats as a proxy variable for cattle prices.

With regard to rainfall shock, we employ two specifications based on rainfall data
recorded on each household’s plot: annual precipitation at plot level and monthly precipitation at
plot level. The former is the total yearly rainfall, which differs among households but is constant
throughout a given crop year. The latter is the total monthly rainfall, which varies both among
households and during every month in the rainy season. Thus, the monthly variable is expected to
capture households’ immediate responses (with one or two months delay) to rainfall variability.
Since we did not know in advance which specification will better explain households’ responses
with regard to livestock holdings in a rainfall shock, we used both rainfall shock variables together

in estimation equations.
Thus, we will use the following econometric model, based on the previously defined



sensitivity:
Ap—Ap 1 =a+ BrRi 1 + pPer + BaX + 1y Where e = plie g + €, (2)
where A;: is the number of cattle for a household (i) during a particular month (£); R;. is a
vector of rainfall shocks experienced by a household (i ) during a particular month (% ); .. is the
price of goats'® during a particular month ( £) at the site (s) ; x; is a vector of household
characteristics, including working adult males ratio; and ;. is a random error term assumed to
follow the AR (1) process''. Thus, the dependent variable in this specification is the monthly
change in the number of cattle owed by a household (i ).

As noted above, the theory of asset smoothing predicts that productive assets drive
smoothing tendencies, so this analysis aims to discern between the different smoothing regimes

using cattle numbers as of October, 2007. Thus, sample households are split as follows:

gh +.IIE§‘:R:':'—1 +JG£;:I}E.."+ J'E;x +."-'!:':' !-f 5= *"'I‘:'.l_;- = [ & Q‘:I'
e —Apq = ' (3)

A 1 7 1 1
h @+ FeRi—1 T BpPer t BxXi T e If 5F A, =1 €04

where A;; is the number of cattle of a household (i) before the shock (i.e., as of October 2007)
and p;; is the AR (1) error.

If livestock are used as a buffer against income shock, the coefficients of rainfall shock
should be negative and significant. The first two columns of Table 6 present the full sample model
(i.e., Eq. (2)) results. As shown in these columns, this coefficient is significantly positive rather
than negative, suggesting that the use of cattle as buffer stock is a limited practice, consistent with
the findings by Fafchamps et al. (1998)'%

The remaining columns show results regarding the two regimes as defined by Eq. (3).
While monthly changes in cattle numbers are positively responsive to total rainfall among
households with lower livestock numbers in 2007, this rainfall shock variable has a significantly
negative effect on changes in cattle numbers among Q4 households, implying that to prevent a
reduction in consumption levels they may have sold their cattle. These results are consistent with
the asset smoothing hypothesis prediction that only those with a certain level of assets pursue the
traditional consumption smoothing strategy of selling assets. Furthermore, it should be noted that
the sign for the ratio of working males is significantly different between the two samples: a
positive coefficient in Q4 and a negative coefficient in the remaining quartiles. The positive
coefficient implies that households with a weaker labor market access or simply less men are more
likely to reduce cattle numbers, suggesting that such households may smooth consumption by

selling cattle. However, the negative effect of working males in the lower quartiles may be

1 The prices of goats used here are deflated by the local food price index calculated by the authors using Household
Survey data.

! The data in this estimation have many time periods for relatively few households, needing methods for stationary
errors. In fact, the null hypothesis that there is no first order correlation in the Wooldridge test is rejected for each
quartile at the 5% or less significance level. The same conclusion is reached by the test for serial correlation using fixed
effect estimation. Thus, this specification assumes that the random error follows the AR (1) process.

12 The significantly positive coefficient means that households with heavy rainfall increased the number of cattle, other
things being equal. For this counterintuitive result, one possible explanation is that cattle are less liquid than small
livestock, since distress sale after a covariate shock lead to a much reduced price if cattle markets are thin and fairly
inactive (Fafchamps, et al., 1998). This paper leaves this as a topic for future work.



interpreted using the concept of human capital. If human capital is considered a critical productive
asset influencing household welfare, households with less male labor would protect cattle numbers
to smooth productive assets". Table 6 also shows that the price of goats does not significantly
influence cattle retention, suggesting that cattle transactions might not be particularly price

responsive in the study sites.

Table 6: Determinants of sensitivity regarding rainfall shock on cattle numbers

Pooled Q4 Excluding Q4
FE FE FE RE FE RE FE FE
Rainfall Shocks
Total amount of rainfall (mm) 0.0003 0.0003 -0.0011  -0.0009 -0.0008  -0.0009 0.0005 0.0005
[2.04]**  [1.99]** [-1.47] [-1.981**  [-0.86] [-1.76]* [3.63]%**  [2.99]***
Rainfall deviation from the 0.1588 0.2627 0.2861 0.0197
village mean at t-1 [4.21]*%* [4.98]***  [5.62]*** [0.36]
xSite A dummy ~ -0.1283 -0.1806  -0.1856 -0.0269
[-0.71] [-0.41] [-0.44] [-0.14]
xSite B dummy ~ -0.1492 -0.0673  -0.1224 -0.0160
[-3.19]*** [-0.29] [-0.54] [-0.26]
Rainfall deviation from the -0.0468 -0.0724  -0.0458 0.0073
village mean at t-2 [-1.23] [-1.27] [-0.86] [0.13]
xSite A dummy 0.0621 -0.2816  -0.1509 0.0158
[0.34] [-0.21] [-0.13] [0.09]
xSite B dummy 0.0517 -0.0533  -0.0596 0.0010
[1.02] [-0.16] [-0.18] [0.02]
Control Variables
Monthly price of goats (10000K) 0.0100 0.0156 -0.0049  -0.0101 0.0358 0.0180 0.0186 0.0152
[0.60] [0.91] [-0.12] [-0.27] [0.81] [0.44] [1.04] [0.84]
Household Variables
Value of small livestock (10000K) 0.0000 0.0000 0.0008 0.0003 0.0001 0.0005 0.0004 0.0005
[-0.02] [0.02] [0.46] [0.51] [0.05] [0.85] [0.83] [1.07]
Total Area for cropping (ha) -0.0776 -0.0826 -0.2089  -0.0900 -0.228  -0.0777 -0.0571 -0.0683
[-4.29]%** [-4.45]*** [-2.99]*** [-1.59] [-2.997*** [-1.30] [-3.04]%** [-3.57]***
Value of Assets (10000K) 0.0000 -0.0001 -0.0002 0.0000 -0.0005  -0.0001 -0.0003 -0.0003
[0.05] [-0.83] [-1.35] [0.05] [-2.277**  [-0.98] [-1.00] [-0.88]
Rate of working males -0.7420 -0.6632 0.7978 1.3142 0.6835 1.6127 -1.7860 -1.6948
[-2.24]%*%  [-1.94]* [1.25] [2.59]%**  [0.99] [3.00]*** [-4.37]%**  [-4.07]***
Rate of working females -0.6833 -0.7180 -0.7451  -0.9840 -0.4819  -0.9587 -1.1242 -1.1602
[-2.13]%*  [-2.18]** [-0.74] [-1.23] [-0.41] [-1.14] [-3.16]*%** [-3.18]***
Constant 0.1784 0.1683 2.1251 3.5122 2.0261 3.5370 0.1102 0.2309
[0.81] [0.69] [1.93]* [2.98]*** [1.38] [2.83]*** [0.50] [0.95]
F-statistics 4.50 3.20 4.34 1.63 4.08 4.03
Chi-square statistics 101.00 68.14
Level of Significance 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00
Hausman Statistics 22.98 20.56 -4.96" 3.90 20.66 21.21
Number of Observations 913 865 168 176 159 167 745 706

* p<0.1, ** p<0.05, *** p<0.01

Notes: 1. The dependent variable is the monthly change in the number of cattle owed by the household.

2. t-statistics are in parentheses. The panel data is unbalanced because of missing data from household

interviews.

3. With regard to random effects specifications, a number of variables were included but were not reported: rainy
season dummies, cattle numbers as of October 2007, age of household head, years of education for household
head, sex of household head, and site dummies.

4. With regard to fixed effects specifications, rainy season dummies were included as a variable but were not

reported.

a). The negative Hausman statistic implies that the random effects model was not rejected due to the similarity of

the covariance matrices. Thus, the Hausman test supports the use of the random effects model over the fixed
effects model.

" Such a multidimensional view of assets, as stressed by Hoddinott (2006), should be taken into account in future
research on intertemporal smoothing behavior and poverty dynamics.



4.4 Lagged Effect of Rainfall Shock on Cattle Numbers

The results presented in the previous sub-section suggest that wealthier and poorer
households have different smoothing behavior. However, the effect of the heavy rainfall shock in
2007/08 may have also elicited a different response in 2007/08 than it did for 2008/09. For
example, households who had experienced the heavy rainfall and decreased cattle numbers in the
first year may have increased cattle numbers in the second year, an example of resilience as
defined earlier in the paper. In addition, other households who had smoothed or increased cattle
numbers in the first year were unable to retain cattle the following year'*. To test these scenarios,
this section performs individual specifications for each crop year and then runs a comparison
between Q4 and Q3 (compared with the previous evaluation between Q4 and QI1-3)". These
results are presented in Table 7.

With regard to the 2007/08 crop year, both rainfall shock variables (rainfall deviation
from the village mean value and annual precipitation) had a negative significant effect on the stock
series for cattle among households of Q4 and no significant effect on the same among households
of Q3. This result is consistent with the previous specification results. Moreover, while household
specific variables have a significant influence on cattle retention for both Q4 and Q3, the
coefficients signs are different between the two regimes in some instances. For example, the value
of household assets in Q4 significantly increases cattle numbers. This result suggests that
households in Q4 suit typical consumption smoothing tendencies, because wealthier households
with additional income have the ability to save more. ' In contrast, the value of assets reduces the
number of cattle in Q3, suggesting asset smoothing tendencies. These findings constitute evidence
of wealth-differentiated behavior.

Table 7 also presents aspects of resilience to rainfall shocks. If the coefficient of rainfall
shock variables in Q4 is positive and significant in 2008/09, this result represents a recovery from
rainfall shock. As shown in Table 7, however, the estimation result does not offer robust evidence
regarding resilience in Q4 because the signs for the two rainfall shock variables are different. In
contrast, as can be seen in the two rightmost columns of Table 7, rainfall shock variables for
2007/08 have a significantly negative effect on cattle numbers in Q3 for the following crop year,
suggesting that those who maintain their cattle numbers in the flood-year may be affected by
lagged rainfall shocks. This also indicates a long-term relationship between asset dynamics and
economic mobility.

5. Conclusion

This paper introduced measurable definitions for sensitivity, resilience, and vulnerability

" This possibility was also suggested by Sakurai et al. (2011). They showed that food price increased during the rainy
season of 2008/09 more than during the rainy season of 2007/08 probably due to the reduction of agriculture production
in 2007/08 and that average household consumption is much lower during the rainy season of 2008/09 than the previous
year.

1 Q1 and Q2 are not included in the analyses because households in these quartiles had zero or one cattle as of October
2007 and their change in the number of cattle during a short period, i.e. one year, is too small to obtain statistically
significant estimates.

1" Assets include farming equipments (ex; ox-drawn ploughs and hand hoes), durables (ex; hand hammer mills and
radios) and houses including animal stalls and storages for grain. Thus, assets in this context are less liquid than small
livestock and grain storages.



with regard to asset fluctuations. Using the specified sensitivity definition, this study employed

Table 7: Random effect estimates of determinants of sensitivity for each crop year

2007 2008 2008 2009
Q4 Q3 Q4 Q3
RE RE RE RE RE RE RE RE
Rainfall Shocks
Rainfall deviation from the -24.615 -4.538 9.614 -7.964
village mean , 07/08 [-2.51]** [-1.36] [1.66]* [-3.27]***
Rainfall deviation from the 14.485 5.574
village mean , 08/09 [4.35]%** [2.42]%*
Total amount of rainfall, 07/08 (mm) -0.473 0.001 -0.005 -0.003
[-2.51]** [0.87] [-1.48] [-3.23]***
Total amount of rainfall, 08/09 (mm) -0.001 0.003
[-0.19] [2.35]**
Rainfall deviation from the 0.257 0.257 0.005 0.019 0.330 0.330 0.288 0.288
village mean at t-1 [3.22]%*%*%  [3.22]*** [0.03] [0.12] [4.797%%*%  [4.79]*** [1.70]* [1.70]*
xSite A dummy -0.253 -0.253 -0.022 -0.061 -0.305 -0.305 -0.143 -0.143
[-0.49] [-0.49] [-0.03] [-0.08] [-0.26] [-0.26] [-0.23] [-0.23]
xSite B dummy -0.172 -0.172 0.006 -0.006 -0.076 -0.076 -0.252 -0.252
[-0.45] [-0.45] [0.03] [-0.04] [-0.26] [-0.26] [-0.88] [-0.88]
Control Variables
Monthly price of goats (10000K) 0.013 0.013 -0.051 -0.026 -0.020 -0.020 0.024 0.024
[0.18] [0.18] [-0.94] [-0.44] [-0.52] [-0.52] [0.67] [0.67]
Household Variables
Value of small livestock (10000K) -0.001 0.055 0.008 0.009 0.005 0.009 0.001 0.000
[-1.917*  [2.51]*%*  [2.32]**  [2.51]** [3.38]**%* [2.60]*** [0.25] [-0.06]
Total Area for cropping (ha) -0.595 -49.996 -0.160 -0.067 -8.221 6.514 -1.136 -0.866
[-2.85]*** [-2.52]** [-1.78]*  [-0.80] [-2.81]*** [1.23] [-1.93]*  [-1.42]
Value of Assets (10000K) 0.003 0.129 -0.011 -0.005 -0.264 0.145 -0.132 -0.174
[3.09]%** [2.53]**  [-2.71]*** [-1.37] [-2.58]** [0.97] [-2.36]**  [-2.57]**
Rate of working males -3.697  -143.677 -0.574 0.094 -0.001 -0.004 -0.002 -0.001
[-2.88]*** [-2.53]** [-0.52] [0.09] [-0.89] [-2.05]*%* [-2.15]** [-0.75]
Age of HH head 0.033 4.246 -0.042 -0.024 0.044 -0.009 -0.008 0.008
[2.47)%%  [2.52]**  [-3.05]*%* [-2.38]** [2.88]*** [-0.56] [-1.92]*  [1.29]
Education years of HH head -0.044 2.718 -0.171 -0.035 0.191 0.019 -0.078 -0.025
[-1.22] [2.53]**  [-1.78]*  [-0.50] [3.53]*** [0.52] [-3.48]*** [-1.53]
Constant -0.097  631.128 4.446 0.698 0.023 7.220 1.641 -0.026
[-0.19] [2.51]**  [2.33]**  [0.28] [0.08] [0.77] [2.87]*** [-0.02]
Chi-square statistic 21.13 21.13 51.99 50.14 93.67 93.67 36.37 36.37
Level of Significance 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.00
Hausman Statistics 0.14 0.14 6.17 2.60 1.35 1.35 -1.29 -1.29
Number of Observations 75 75 83 83 114 114 109 109

# p<0.1, ** p<0.05, *** p<0.01

Notes: 1. The dependent variable is the monthly change in the number of cattle owed by the household.
2. For the poorer quartile, this estimation only uses samples of Q3 because a significant result was not obtained

using this specification when Q2 and Q1 were included.

3. t-statistics are in parentheses.
4. The panel data is unbalanced because of missing data from the household interviews.
5. The negative Hausman statistic implies that the random effects model is not rejected due to the similarity of

the covariance matrices.

high-frequency panel data from Southern Province, Zambia to estimate the determinants of

sensitivity to rainfall shocks and to investigate the existence of an asset threshold, marking a shift

from asset to consumption smoothing. The data covered the period between the 2007/08 and

2008/09 crop years, which included a heavy rainfall year within the study sites. The results

revealed patterns of asset smoothing or protection among the poorer households and asset

liquidation or consumption smoothing among the wealthier, which suggests wealth-differentiated



behavior regimes. In the context of the study sites, the Micawber threshold, an asset level that
represents an unstable equilibrium at which dynamic behavior bifurcates, may sit at approximately
five cattle rather than two cattle, the common number of cattle used for cultivation. This finding is
consistent with the dynamic asset smoothing hypothesis predicted in previous studies. Our analysis
also revealed that those who smooth assets in the first year may be affected in the second year by
lagged rainfall shocks, probably through market price increases, suggesting a negative impact by
environmental shocks on asset smoothers. In contrast, results for resilience, regarding those who
decreased cattle numbers during the heavy-rainfall year, are diverse, suggesting that any recovery
period might not even begin in the second year. Asset recovery experiences will be investigated in
future work.

The present analysis has been unable to fully resolve the complexities of asset dynamics
in rural Zambia. First, while this paper has found evidence that the wealthy have a greater ability to
smooth consumption than the poor, the criteria for distinguishing between them may be ad hoc.
This matter requires further investigation. Second, this paper does not examine vulnerability;
future research will provide clarification of the Micawber threshold and the asset poverty line,
promising tools with which to induce rich policy and development implications. Third, it would
seem that future investigation is also required to better understand the relationship between
asset-based analysis and traditional poverty analysis with regard to consumption or income level.
In addition, giving micro foundations to the approach of this study based on dynamic household
models is also left for a future study.

While future research to answer outstanding issues is always desirable, the main
contribution of this paper is the provision of empirical evidence regarding wealth-differentiated
tendencies using stock series data. Furthermore, the concepts of sensitivity and resilience, as
defined in this paper, can be used in future studies regarding household ex-post coping strategies
and the accumulation and liquidation of other productive and non-productive assets (e.g., land and

small livestock).
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Seasonal Consumption Smoothing in Rural Zambia
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Abstract

The purpose of this article is to investigate how farmers smooth their consumption level
against fluctuating income. We discuss several issues using household survey data collected in
rural Zambia from November 2007 to October 2009. First, we demonstrate that farmers smooth
their consumption levels of staple foods, and vegetables and fruit, and that they use animal/fish
products and non-food items as buffers. Second, we illustrate that cash in hand plays a critical role
in smoothing consumption levels of staple foods, and vegetables, and fruit. Finally, we show that
wild food items collected from the bush are also important in smoothing the consumption levels of

vegetables and fruit when these are not available from the farmers’ own land.

1. Introduction

It is widely recognized that while rural farmers face a number of income risks, they have
developed a variety of strategies to mitigate these, including the diversification of income sources,
risk-sharing with friends and relatives, and settlement in safe areas (Fafchamps, 2003). From the
viewpoints of economics, farmers will improve their welfare if they smooth their consumption
levels. However, a change in consumption and its sources are in themselves important strategies to
manage unexpected falls in income, although consumption levels do not appear to be smoothed by
such strategies (it is possibly their utility that may be smoothed). Nevertheless, existing literature
provides little empirical evidence regarding changes farmers may make to their consumption to
mitigate income shocks during and after a shock event. One explanation for a lack of evidence is
that there is no dataset available to enable such an empirical study. However, household survey
data sourced from the Resilience Project includes high-frequency panel data regarding household
consumption during a period when farmers suffered through heavy rainfalls. This data provided us
with a rare opportunity to investigate the consumption adjustment behavior of farmers when they
experienced income fluctuations. Thus, the aim of this article is to describe how surveyed
households change the composition and source of consumption over a two-year period, to better

enable us to develop an empirically testable hypothesis for future research.

2. Survey Outline and Methodology

The household survey data used in this paper were collected in rural Zambia as part of the
Resilience Project. The study area is located in Choma and Sinazongwe districts, Southern
Province, Zambia, and is divided into three ecological zones: site A (a lower flat land zone near
Lake Kariba), site B (a middle slope zone), and site C (an upper land zone on the plateau). Five

villages were selected for the household survey; two villages are in site A (Sianemba and Siameja),



two are in site B (Chanzika and Kanego), and one is in site C (Siachaya). Sixteen households were
chosen from each study site and were subject to weekly interviews beginning November 2007
(Sakurai 2008).

This article uses data from a two-year period, November 2007-October 2009, and
employs a descriptive statistics analysis. The total value of household consumption per week was
divided by adult equivalent household size, and then averaged for each site and each month. The
monthly consumption per week per adult equivalent for each site was further deflated by a
site-specific price index obtained from our survey data. Thus, we have a series of real consumption
covering a two-year period for each site. However, due to flaws in the survey data, we omitted data
regarding June 2008 for all sites, and January and April 2008 for site C. In addition, site C data
from November 2007 to October 2008 are unreliable and the figures are presented for reference

only.

3. Results and Discussion

First, in this section, we will illustrate the overall seasonal consumption changes to enable
a better understanding of seasonal consumption smoothing. Second, we examine the role of
non-food goods in smoothing food consumption levels. Finally, we divide food items into three

categories (staple foods, vegetables and fruit, and animal products) and examine each category.

3.1. Overall seasonal consumption change

Table 1 shows the monthly consumption level per week per adult equivalent averaged
over a two-year period for each study site. Comparisons among the three sites show that
consumption per adult equivalent is highest in site B and lowest in site A. With regard to
consumption composition, average consumption levels for food range from 83.7% to 88.5% for the
three sites and 11.5% to 16.3% for non-food items (e.g., household goods and services). Moreover,
the average consumption levels for cereals (non-processed and processed staple foods) range from
50.5% to 52.6%, 12.8% to 20.1% for vegetables, and animal products range from 8.2% to 9.6%.
Although site C does not have the highest total consumption rate, its consumption share for

household goods and services is the highest among the three sites.

Table 1. Average Value of Consumption per Week per Adult Equivalent'

non= processed| . food items |Industrial
processed . animal . Household .
staple vegetables|fruits staple roducts collected in [Food Goods Service total
foorc)is foods P the Bush Products
SITE A _11775| 6959  186] 5677 _ 3305  234| 2474 2506 Ll47_r_ 34563
34.1% 20.1% 0.5% 16.4% 9.6% 0.7% 7.2% 7.3% 4.2% 100.0%
SITE B 18825 5953 383  5750{ @ 5756 @ 823] 3493 @ 3935 1745 i _ 46663
40.3% 12.8% 0.8% 12.3% 12.3% 1.8% 7.5% 8.4% 3.7% 100.0%
SITE G 13626] 7299 _ 207| __ 8651 3607, __ 561| 2817 5308] _ 1832]| _ 43908
31.0% 16.6% 0.5% 19.7% 8.2% 1.3% 6.4% 12.1% 4.2% 100.0%

1 Numbers are in ZMK deflated by price index (=1 as of November 2007 in site A)



Figure 1, presents monthly changes in average consumption per week per adult equivalent.

Although most households are farmers and obtain their main income only at harvest time, average

consumption levels appear to be smoothed. However, when we examine each consumption

category individually, consumption levels seem to fluctuate. We will discuss each consumption

category in the remainder of this section.
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Figure 1. Monthly Changes in Consumption Levels and Composition
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3.2. Comparison of food and non-food consumption

Figure 2 shows the diremption of monthly consumption levels from the mean

consumption levels' for each site. This figure demonstrates that there is a positive correlation

between diremption of total consumption and that of non-food consumption. Moreover, compared

with the diremption of total consumption food, the diremption of non-food consumption fluctuates

more widely. These points imply that non-food item may be serving as a buffer for food

consumption.
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Figure 2 Diremption of Total and Non-Food Consumption from the Means

! Diremption = (consumption level-average consumption level)/average consumption level X 100. The average level
is based on monthly data from November 2007 to October 2009.



3.3. Food consumption and food sources
3.3.1 Staple foods
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Figure 3. Monthly Staple Food Consumption and Food Sources

Figure 3, illustrates monthly real values for staple food consumption (cereal, beans, and
potatoes) and the source of the items (please note, maize constitutes more than two-thirds of staple
food consumption in the study sites). The following salient points are shown in Figure 3. First,
while households in sites B and C use mainly self-produced staple foods, households in site A rely
more on cash purchases than on self-produced food items. This suggests that cash earning activities
such as non-agricultural businesses, livestock sales, and cotton production, play critical roles in
obtaining staple food items for site A households. Second, aside from a couple of exceptions, total
consumption levels regarding staple foods appear to be smoothed throughout the survey period.
Third, cash purchases play an important role in smoothing staple food consumption. For example,

in sites B and C, even though consumption levels for self-produced items vary each month during

b



the 2008/09 crop year, total consumption remains relatively stable year-round because households
purchase staple foods using cash. In contrast, if we compare staple food consumption in site B
between the two crop seasons, i.e., between November and February 2007/08 and again in 2008/09,
the consumption level for self-produced items is relatively stable but the total consumption level is
much higher in 2008/09 than in 2007/08. One explanation for these results is that these farmers
failed to purchase staple food items using cash during the 2007/08 crop season for some unknown
reason. Finally, we observed food obtained from “other” sources, especially from November 2007
to April 2008 at site A and from July to October 2008 at site B. The majority of food sourced in this
manner was wheat distributed as food aid. However, judging from the source of consumed staple
foods, farmers in site B appear to have already owned sufficient quantities of staple foods in

July—October 2008. This suggests that food aid may not have been distributed when it was really

needed.
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Figure 4. Monthly Vegetable and Fruit Consumption and Sources



3.3.2 Vegetables and fruit (including wild food items collected from the bush)

Figure 4, illustrates the monthly consumption of vegetables and fruit and their sources.

Interestingly, from February to April each year during the harvest period, farmers consume large

quantities of self-produced vegetables (and lesser amounts of fruit). With the exception of this

period, consumption levels regarding vegetables and fruit are virtually smoothed year-round, with

self-produced items representing a significant share. Considering the perishable nature of

vegetables and fruit, self-production implies that farmers (at least some of them) have access to

water even in the dry season and are able to grow produce. However, to smooth their consumption

levels, the collection of wild food items is also important. For example, from December to

February during the rainy season, the collection of wild vegetables and fruit comprises the majority

of consumed items in sites A and B. Please note, all natural plants, including mushrooms, are

classified as vegetables and fruit in this study and only a small number are considered to be a

staple food item (e.g., a wild tuber).
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Figure 5. Monthly Consumption of Animal/Fish Products



3.3.3 Animal and fish products

Figure 5, illustrates the monthly consumption of animal and fish products (e.g.,
animal/bird meat, milk and eggs, and fish) and their sources. In contrast to other food items, the
total value of consumption does not appear to be smoothed. The December 2007 peak for site A
represents a high level of meat consumption during the Christmas season. Consumption levels
show a reduction for Christmas 2008, possibly due to economic hardship after a poor agricultural
season in 2007/08. Similar consumption patterns are observed in site B to some extent, but are not
seen for site C, although they also celebrate Christmas as Christians. In contrast, there is a peak in
June 2009 (we are unable to confirm if there was a peak in June 2008 due to missing data) for sites
B and C. We are unable to provide any explanation regarding these high meat consumption levels
as those surveyed commented that the consumption was “usual”.

Figure 6, shows the diremption from the mean consumption levels at each site. Like
non-food items, there is a positive correlation between the diremption of total consumption and
that of animal/fish consumption. In addition, compared with the diremption of total consumption,
the diremption of animal/fish consumption fluctuates in a wider region. These results imply that

animal/fish products are a buffer for the consumption of staple foods, and vegetables and fruit.

4. Conclusion

This article has discussed how farmers in rural Zambia adjust consumption levels and its
composition to mitigate the impact of income fluctuations. First, we demonstrated that farmers
smooth their consumption level of staple foods, and vegetables and fruit, and that they use
animal/fish products and non-food items as buffers. Second, we illustrated that cash purchases
played a critical role in smoothing consumption levels regarding staple foods, and vegetables and
fruit. Finally, we showed that the collection of wild food items also played an important role in the
smoothing of consumption levels for vegetables and fruit.

In this article, we focused on descriptive analyses for consumption, while fluctuations in
income levels occurred naturally in the study sites. Thus, further studies are required to examine
the relationship between consumption and income. Moreover, this article does not examine how
farmers obtain their money. As the surveyed farmers have varying abilities to earn money, it would
be wise to investigate this further to determine which households are better able to smooth
consumption. Lastly, farmers are not only receiving income from non-agricultural sources, but may
also be smoothing their income by agricultural means. Further work is required to determine how

farmers are in fact smoothing their income.
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Abstract

This paper examines the effect of rainfall variability on people’s time allocation using
weekly household survey data sourced from rural Zambia. The data collection period was
November 2007 to November 2009, during which an extremely heavy rainfall occurred. Changes
in time allocation are examined among various activities using time use data from a weekly
household survey. The data show that people worked longer hours after the heavy rainfall. These

results were robust for activity categories, gender, and comparisons between children and adults.

1. Introduction

Labor supply is considered to be one of the many coping strategies employed after a
shocking event. For example, Rose (2001) analyzed off-farm labor supply for agricultural
households under risk of unusual rainfall in India, and showed that households with greater
reliance on rainfall (i.e., with greater risk) were more likely to participate in the labor market (ex
ante response). In addition, that study showed that unexpected low rainfall also increased labor
market participation (ex post response). Further, Beegle et al. (2006) used data from a household
panel survey in Tanzania and that found that disasters resulted in income shocks to agricultural
households and significantly increased the incidence of child labor. However, previous studies
have generally only conducted before-and-after comparisons of shock events to capture its impact,
because of the limited availability of long-term time use data. In contrast, the household survey
from the Resilience Project provides us with a high-frequency panel data covering a two-year
period (this period is long enough to capture fluctuations in labor supply). With the use of this
dataset, this paper examines the effects of a heavy rainfall shock in December 2007 on households’

time allocation. Specifically, we focus on labor activities.

2. Data

In this study we used data (from to November 2007 to November 2009) collected in the
above-mentioned household survey. The survey (which is ongoing) was initiated in November
2007 in three ecologically distinct sites located on the banks of Lake Kariba, as part of RIHN’s
Resilience Project (Sakurai, 2009 and Sakurai et al., 2010). One component of the household
survey was a weekly interview regarding the allocation of each household member’s daily time use
over the past week. Thus, the dataset was collated to form individual-level weekly panel data for

the two-year period, although there is some imbalance because of, for example, emigration,



immigration, births and deaths. Unfortunately, the dataset is too detailed to conduct any panel data
analysis presently. Instead, we will conduct descriptive analyses.

Another important feature of our data is that it includes daily rainfall data recorded on the
land plot of each sample household. As such, we have the same number of daily rainfall variations
as we do sample households. However, for the descriptive analyses in this paper, we will use the
difference in average rainfall between only two of the three ecologically distinct study sites: site A
located in the low-lying areas of Lake Kariba and site B located on an escarpment between Lake
Kariba and the Zambian plateau.

It has been reported that the study sites experienced an extremely heavy rainfall during
the 2007 rainy season and that it severely damaged agricultural crops, particularly in site A. This
event is confirmed by our rainfall data collected from the farmers’ fields—monthly precipitation in
site A was on average 100 mm higher than in site B for December 2007. Thus, this paper examines
how people varied the allocation of their time use in response to the heavy rain shock. Taking
advantage of the data structure we will conduct an intertemporal comparison within the fixed area,
as well as, a cross-sectional comparison using fixed time. Moreover, the samples will be classified

as either male and female or adults and children to control for variable characteristics.

3. Characteristics of Individuals

Of the activities that may be affected by the heavy rain shock, we are particularly
interested in children’s education and non-agricultural activities. Therefore, we will first
summarize the characteristics of the individuals from the sample households using a baseline
survey conducted with the first weekly interviews in November 2007. Similar surveys were also
conducted in November 2008 and November 2009. The results of each survey are not identical
because household members changed during the survey period, but we are able to confirm that on
average central characteristics remained similar. The 2007 survey was employed as baseline data in

this paper.

3.1. School Attendance and Education Level

From the baseline survey, we are able to classify all individuals residing at the sample
households as of October 2007 into those who are and are not currently attending school. Although
this question was asked of all individuals regardless of his/her age, we have only analyzed
school-aged individuals of between 6 and 18 years of age.

Tables 1 and 2 summarize the classification of children by the status of formal school
attendance for sites A and B, respectively. Children from each site are further classified by sex and
age. Among primary school children (6—12 years of age) school enrollment rates are at 62% in site
A and 56% in site B, while for secondary school children (13—18 years of age) it is 86% for site A
and 100% for site B. In both sites the current enrollment rates are higher among secondary school
age children than among primary school age children, particularly in site B where the latter is
100%. This result may appear surprising but the reality is that many children in the study sites

delay starting school and most secondary school age children still attend primary school.



Nonetheless, the results indicate that enrollment rates are relatively high in the study sites. In
addition, the rates are not significantly different because statistical tests for inequality in
enrollment rates for the two sites cannot be rejected for either primary school or secondary school
age children.

With regard to gender difference, enrollment rates for all children are 68% for male
children and 72% for female, with primary age children at 59% for males and 57% for females.
Neither result is statistically significantly different according to statistical tests for inequality in
enrollment rates.

Table 3 shows the education levels attained by adults (18 years of age and over) in sites A
and B. In Site B, approximately 40% of people have not received any formal education. In contrast,
adults with no formal education is only 10% in site A, much lower than in site B. Furthermore, the
majority of educated people completed grades 4-7 in site A, but site B adults attained lower grades
on average. As shown in Table 4, the average years of education for adults is significantly higher in
site A than in site B.

With respect to gender, differences between education levels are not so obvious in Table 4.
Although male adults received on average more years of education (4 years) than females (3.1
years), the difference is not statistically significant. If the test is conducted for sites A and B
separately, the results are the same: no gender difference in education is found (not shown in Table
4). Thus, we can conclude that in the study sites there is no gender difference in schooling with
regard to both school age children and adults. Interestingly, education levels may be improving, as

the current enrollment rate is very high even though there are illiterate adults in the study sites.

Table 1 : Formal school attendance ( Site A )

age 6-12 age 13-18
male female Total male female Total Total
yes 8 5 13 8 4 12 25
no 4 4 8 2 0 2 10
Total 12 9 21 10 4 14 35

Table 2 : Formal school attendance ( Site B )

age 6-12 age 13-18
male female Total male female Total Total
yes 8 7 15 3 7 10 25
no 7 5 12 0 0 0 12

Total 15 12 27 3 7 10 37




Table 3 : Education level ( age over 18 )

Site A Site B
male female Total male female Total
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Table 4: Comparison of Average Years of Education by Site and Gender'

Classification Site Gender

Group Site A Site B Male Female
Mean (S.D.) 4.7 (2.8) 2.6 (2.8) 4.0 (3.0) 3.1(3.0)
Number of Obs. 45 51 51 45

t value 3.76 1.39
Significance 0.00 0.17

!t-values are based on two-sample t-test with equal variances.

3.2. Occupation

The baseline survey conducted in November 2007 asked all individuals residing at the
sample households to list primary and secondary (if any) occupations, including those of school
age and pre-school age children. In this section, occupations for adults (18 years of age and older)
are summarized for each site in Tables 5 and 6.

In both sites A and B, agriculture is the primary occupation for virtually all adults, both
male and female, as shown in Table 5. There are those that are employed in an agricultural primary
occupation in site B, but they live separately from the sample households and do not appear in
Table 5. In addition, there are some who are self-employed in non-agricultural positions. In
addition, several respondents in site A are students. Students that are living in the study site are
high school students, because no higher level of schooling exists within commutable distance. The
baseline survey shows that two-thirds to three-quarters of adults do not have any secondary
occupations, including those who refer to agricultural or domestic work as their secondary

occupation. This result indicates that there is little diversification among income sources within the



study sites. However, six adults in site A and 16 in site B reported that they engage in
non-agricultural, self-employed activities. Gender and site-wise, males in site B are most likely to
have non-agricultural jobs. The most popular job for these males is logging in forested areas,

which are found in site B.

Table 5 : Primary Occupation (age over 18)

Site A Site B
male female Total male female Total
agriculture 16 22 38 23 20 43
student 2 1 3 0 0 0
Total 18 23 41 23 20 43

Table 6 : Secondary Occupation (age over 18)

Site A Site B
male female Total male female Total
no 2nd job 9 9 18 7 7 14
agriculture 2 5 7 0 4 4
non-agri. jobs, self-employment 4 2 6 13 3 16
employed in agricultural sector 1 0 1 1 0 1
employed in non-agricultural sector 2 0 2 0 0 0
domestic work/ helping household 0 6 6 1 6 7
student 0 1 1 0 0 0
Total 18 23 41 22 20 42

4. Time Allocation
4.1. Time Use Data

Time use data were obtained from the weekly household survey by asking individual
household members how many hours they spent on any of the seven activity categories: agriculture
(WAG), non-agriculture (WNG), domestic/home help (WHH), school (WED), social (WSC),
natural resource collection (WNR), and stock grazing (WGR), with the sum of work hours
recorded as total work time (WLT). All individuals from each sample household, including both
adults and children, recorded their daily time use for a week. Thus, the time use data structure is on
daily and individual levels. To investigate the relationship between rainfall and time use, this paper
aggregated monthly data to obtain average work hours per day for each activity category with
controls for differences in site, gender, and age. The results are presented using a series of graphs
from Figures 1.1 to 4.8 at the end of this paper, where the vertical axis on the left indicates monthly

precipitation (ml) and the vertical axis on the right indicates hours per day.

4.2. Differences between Sites A and B
In both sites WAG labor hours during the rainy season were longer in 2007/08 than in
2008/09, as shown in Figures 1.1 and 2.1. Thus, the heavy rainfall impacted on self-employed



labor activities. In addition, as expected, the impact was more significant in site A where the
rainfall in December 2007 was higher. Because agricultural production was severely reduced after
the heavy rain (these data are not shown in this paper), a return to self-employed labor was very
low for the 2007/08 crop season, particularly in site A.

With regard to WNG, as presented in Figures 1.2 and 2.2, the monthly pattern corresponds
with that for WAG. As discussed in Section 3.3, average hours spent in non-agricultural
employment during the dry season were longer in site B where more adults were engaged in such
activities. However, total hours per day were less than 1 hour on average for both sites, which is
significantly smaller than the fluctuations in daily work hours for agriculture. In contrast, people in
site A spent more hours in WGR activities than in site B, particularly during the dry season
(Figures 1.7 and 2.7). As livestock is an important income source in addition to agriculture, the
results show that site A depends more on livestock than on non-agricultural activities.

When we compare Figures 1.3 and 1.4, results show that hours spent in WHH activities
fluctuate more in site A than in site B: in Site B, this pattern appears to be independent of rainfall,
while in Site A (particularly for 2007/08) it moves almost counter-cyclically to hours of WAG labor.
However, in 2008/09, this relationship between WHH and WAG disappeared in site A. Thus, the
counter-cyclical movement of WHH and WAG can be regarded as an impact of the heavy rain
shock.

Despite both the complementary and counter-cyclical fluctuations of work hours among
activities during the rainy season of 2007/08, WTL hours in both sites is greater for 2007/08 than
for 2008/09, as shown in Figures 1.8 and 2.8. This difference is more significant in site A where the
December 2007 rainfall was much heavier than in site B. WTL in site A is greater even in the
2008/09 rainy season. Therefore, this significant difference in working hours during the 2007/08
rainy season can be attributed in part to the basic difference observed between the two sites in
normal years. A further explanation for this difference could be the longer working hours for WHH

in site A than in site B as shown in Figures 1.3 and 1.4.

4.3. Gender Differences

In this section, we will examine whether the heavy rainfall had a differential impact on
gender. Figures 3.1 and 4.2 show average daily working hours for WAG activities by gender for
sites A and B. The graphs indicate that male WAG mirrors female WAG hours throughout the
survey period: that is they are parallel. However, the difference between male and female daily
working hours during the rainy season is significant in site B, while site A shows virtually no
difference. This result indicates that adult males and females are equally engaged in WAG during
the crop season in site A., because this tendency is observed for both 2007/08 and 2008/09, the
disappearance of the male—female gap does not appear to be due to the heavy rain of 2007/08.

With regard to WNG, however, the working hours for males and females do not mirror
each other so strongly, as shown in Figures 3.2 and 4.2. Furthermore, the gender gap exists both in
sites A and B, indicating that males are more likely work in non-agricultural sectors during the dry

season. WGR activities also appear to be performed by males during the dry season (Figures 3.7



and 4.7). In contrast, the opposite is always observed for WHH (in Figures 3.3 and 4.3) where
females feature as the dominant worker, showing the greatest gender gap among the seven activity
categories. As discussed in the previous section, the numbers of hours spent in WHH fluctuate
greatly in site A, with such fluctuations existing equally for both males and females. In contrast,
for site B, female WHH does not appear to be subject to seasonality, while male WHH is generally
performed during the dry season.

Hours spent in WNR are limited on average compared with other activities (Figures 3.6
and 4.6), and are performed generally by women throughout the year because its objective is to
obtain food items to supplement self-produced vegetables. However, in site A, males also engaged
in this activity quite significantly during the 2007/08 dry season, but not in the 2008/09 dry season.
This irregular performance of WNR by adult males is likely to be a response to the heavy rain
shock.

Unlike other activities that indicate gender gaps, WSC is the only activity showing no
gender difference with regard to hours spent, although time allocation for WSC fluctuated over the
year (Figures 3.5 and 4.5).

WTL represents the sum of hours spent for all activities. Figures 3.8 and 4.8 show that in
sites A and B male and female WTL hours moved in a similar pattern throughout the survey period
and that females’ working hours were always significantly longer than males. However, if we
compare the two sites, the gender gap is larger for site B than in site A and co-movement is weaker
in site B than in site A. As a result, the heavy rain increased working time for both males and
females in site A, but affected only females in site B. Further investigation is still required
regarding whether the different responses between the two sites are due to the differing impacts of

heavy rain damage, income sources, custom or culture.

4.4. Adults and Children

Similar analyses were conducted to compare adults (19 year of age and above) and
children (between 6 and 18 years of age). As shown in Figures 5.1 and 6.1, the hours children spent
in WAG increased during the 2007/08 rainy season for both sites A and B, with a greater increase
in site A than in site B. The results for WED (Figures 5.4 and 6.4) show that children’s labor in
WAG had little effect on WED as the heavy rain occurred during the holiday season. However,
Figure 5.4 does show that WED at the beginning of the 2007/08 rainy season decreased to some
extent. Thus, the heavy rain shock had a negative impact on the children’s education via an
increase in demand for household labor, but the impact was marginal. Since 2007/08, children’s
hours spent in WAG and WED exhibit normal seasonal movements.

Comparisons between sites A and B show that children in site A spent more hours
engaged in WHH and WGR than those in site B (Figures 5.3, 6.3, 5.7, and 6.7). As a result, and as
presented in Figures 5.8 and 6.8, WTL for children is also higher in site A than in site B, with
children’s working hours closer to site A adults than site B (i.e., the work time gap between adults
and children is smaller in site A). Moreover, WTL hours for both adults and children move in a

similar pattern in site A, with a weaker co-movement seen for site B.



Thus, the above analyses show us that children in site A are integrated to a greater extent
in household economic activities and their working hours fluctuate in a pattern similar to adults. As
a result, children in site A are required to spend more hours working in WAG, WHH, and WGR.
These activities can affect their schooling but according to the time allocation data the impact on
education is very small. This finding is consistent with the baseline survey results that the current
enrollment rate in the study sites is relatively high and that there are no enrollment differences

between the sites or gender.

5. Conclusion

We analyzed the impact of heavy rainfall on respondents’ time use using weekly
household survey data collected in rural Zambia. Our results showed that people, both adults and
children, worked greater hours during the 2007/08 rainy season when a heavy rainfall occurred.
Analyses were performed for male and female adults separately, to identify gender-differentiated
impacts. A work response to the shock was confirmed for male and female adults in site A, and for
females adult in site B. These results show that adult males in site B did not work longer hours (nor
work less) in spite of the heavy rainfall shock. The difference may be attributed to the fact that
crop damage from the heavy rainfall was less significant in site B, but the true reason is not yet
known and needs to be studied in future research. Comparisons of time use between adults and
children revealed that children in site A worked longer hours than those in site B. Because children
worked more after the heavy rain, the shock may have affected the children’s school attendance. In
fact, children appear to have reduced schooling hours during the 2007/08 rainy season, but we
believe this impact to be insignificant from the shape of the relevant graphs.

We used the same household data as Sakurai et al. (2011), who showed in their study that
the heavy rain in December 2007 reduced food consumption per capita and the body weight of
respondents significantly. The present paper contributes to the topic by identifying a further
negative impact of the heavy rain, that is, longer working hours. Body weight loss may have been a
result of not only reduced food intake but also due to a heavier workload. The welfare implications

of fluctuations in work time and its determinants remain open to future study.
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Abstract

Objective: This study aimed to evaluate growth and nutritional status of children in rural
Zambia by analyzing 26 months of longitudinal data on height and body weight data, with a special
emphasis on sex and age differences.
Participants and Methods: Participants were 218 children (106 boys, 112 girls) from 48
households. Between November 2007 and December 2009, height was measured monthly and body
weight was measured weekly. Weekly body weight was averaged over each month. Body mass
index (BMI) was calculated using the height and body weight. Growth curves of height and body
weight were drawn for each sex using all data measured over the 26-month period, and were
evaluated against percentile curves of the National Center for Health Statistics (NCHS) reference
population. Nutritional status was assessed using calculated Z-scores, and the rate of malnutrition
such as stunting (low height-for-age Z-score), underweight (low weight-for-age Z-score), wasting
(low weight-for-height Z-score), and thinness (low BMI-for-age Z-score) were determined.
Results and Discussion: Similar to the results of previous studies in Zambian children, the rate of
stunting was high. However, based on the BMI Z-score or the weight-for-height Z-sore where
influences of height and weight are offset, it is suggested that nutritional status of these children is
generally good. Distinct variations in nutritional status by age were observed in the children, and
were possibly due to the approximately 2-year delay of puberty compared to the reference US
population. Further studies are needed to assess nutritional status comprehensively by examining
the children’ s diet and physical activity in addition to anthropometry. It would be desirable to
develop local reference growth curves instead of using international reference data based on
Western populations in order to evaluate growth and nutritional status of the Zambian children

adequately.

1. Introduction

Child growth is an important, internationally recognized public health indicator for
monitoring nutritional status and health in populations (de Onis and Blossner 2003). From an
ecological viewpoint, environmental changes in an ecosystem affect the conditions of fauna and
flora, which consequently cause a decrease in body weight and body fat in general and growth

retardation in children, through decreasing food availability and nutritional intake among the local



population.

Multiple factors affect the nutritional status of children including dietary intake, infection,
breast feeding and weaning, seasonality, and socio-economic status (Waterlow 1992). Malnutrition
in childhood increases the risks for infectious diseases (Waterlow 1992), cardiovascular disease in
adulthood (Stein et al. 2006), and lower mental development (Grantham-McGregor 1995), as well
as reduce work capacity (Thomas et al. 2002). It is thus important to assess and ensure adequate
nutritional status and growth in children.

In October 2007, we started a longitudinal survey to monitor the growth and nutritional
status of local people living in five villages located in the Sinazongwe district in the Southern
province of Zambia (Yamauchi et al. 2008). We have reported the nutritional status of adults and
children, as well as the growth status of children, in the initial stages of a longitudinal survey of
people living in three ecologically contrasting zones: the upper flat land zone on the plateau, the
middle slope zone, and the lower flat land zone near Lake Kariba (Yamauchi 2009), and variation
in the nutritional status of adults (Yamauchi and Kon 2010).

In this study, we report the results of nutritional status and growth evaluation in children
following analysis of 26 months of longitudinal data of monthly height and weekly body weight
data obtained between November 2007 and December 2009, with a special emphasis on sex and

age differences.

2. Subjects and Methods
2.1 Study populations and subjects

The slope area around Lake Kariba can be divided into three ecological zones: the upper
flat land zone on the plateau (‘upland'), the middle slope zone ('hillside') and the lower flat land
zone near Lake Kariba ('lowland') (Sakurai 2008). We chose five villages in the area: two
(Sianemba and Siameja) from the lower zone, two (Chanzika and Kanego) from the middle zone,
and one (Siachaya) from the upper zone. Forty-eight households were selected, 16 from each of the
three zones: 4 in Sianemba, 12 in Siameja, 8 in Chanzika, 8 in Kanego, and 16 in Siachaya.

The anthropometric data of 218 children (106 boys, 112 girls) from the 48 households
were analyzed. Height data were available for 213 individuals (103 boys, 110 girls), while weight
data were available for 212 (101 boys, 111 girls), with both height and weight data available for
207 children (100 boys, 107 girls) (cf. Table 1, total number of stunting [height], underweight
[weight], thinness [height and weight]).

2.2 Anthropometric measurements

Details of the anthropometric measurements are given elsewhere (Yamauchi et al., 2008).
Briefly, height was measured monthly to the nearest | mm using a portable stadiometer (SECA 214,
Germany). Body weight was measured weekly to the nearest 0.1 kg using battery-operated digital
scales (Tanita HD-654, Japan). Weekly body weight was averaged over each month. The body
mass index (BMI) was calculated using the height and body weight for each subject.



2.3 Growth curves

Growth curves of height and body weight were drawn for each sex using all data obtained
between November 2007 and December 2009. The total height data obtained monthly amounted to
1473 and 1362 for boys and girls, respectively. The total data of body weight (monthly averaged)
amounted to 1493 and 1579 for boys and girls, respectively. The growth curves were drawn on the
percentile curves of the National Center for Health Statistics (NCHS) reference population, which
is commonly used for the evaluation of growth and nutritional status (Hamill 1977, Frisancho
1990).

2.4 Nutritional status
Using NCHS reference data, the measured values were standardized. The formula for
calculating the Z-score is:
Z-score = (observed value - median reference value) / standard deviation of reference population
There are four Z-scores which are commonly used for assessing nutritional status of
children, where malnutrition is defined by a Z-score below -2.
Height-for-age Z-score (HAZ) < -2: 'Stunting'
Weight-for-age Z-score (WAZ) < -2: 'Underweight'
Weight-for-height Z-score (WHZ) < -2: 'Wasting'
BMI-for-age Z-score (BMIAZ) < -2: 'Thinness'
The sex-age specific rate of malnutrition was determined for the four indices of 'stunting',

'underweight', 'wasting', and 'thinness'.

3. Results and Discussion
3.1 Growth curves

Figures 1 and 2 show the height and weight growth curves, respectively, of the study
population against the percentile curves of the US NCHS reference population (Hamill et al. 1977,
Frisancho 1990). Compared to the reference population, the Zambian children were short and light.
The age-sex—specific mean values of height and weight corresponded to lower percentiles (i.e., Sth
—15th percentiles) before puberty, declined 5 percentiles after onset of puberty, and recovered to
the pre-puberty level at the end of puberty.

As for the height growth curves, the age-specific mean values were between the 5th and
15th percentiles of the reference curves for both boys and girls from 1 - 11 years old, except for
10-year-old girls. After 11 years, the mean height was decreased below the 5th percentile, before
rising to reach the 10th percentile at 16 years of age in girls (Fig. 1B) but remaining below the 5th
percentile in boys (Fig. 1A). As to body weight, boys' mean weight values were on the 10th—15th
percentiles curves for age 1 - 10 years (Fig. 2A), before starting to decline at 11 years old and then
increased again at 13 years old, reaching the 10th percentile at 17 years old. The body weight of
girls, on the other hand, was lower than that of boys (Fig. 2B). The mean weight values were
around the 5th percentile for 1 - 7 years old, and weight started to decline after 8 years old and was

lower than the 5th percentile of the reference population. Similar to boys, it rose again at 13 years



old, reaching the 10th percentile at 16 years old.

The findings that the growth rates of weight and height declined at the onset of puberty
and fell below the 5th percentile curve of the reference population and rose again to recover to
pre-puberty levels are discussed later with the results of age variation in nutritional status.

3.2 Nutritional status

Table 1 shows the sex-region—specific rate of malnutrition based on the 4 indices of
stunting (low height-for-age), underweight (low weight-for-age), wasting (low weight-for-height),
and thinness (low BMI for age). The rate of stunting was relatively high for the malnutrition
indices. Previous studies also reports high rate of stunting in Zambian children (Gernaat et al. 1996,
Gillett et al. 2002). The rate of underweight was lower than that of stunting. Moreover, the rates of
wasting and thinness which consider both height and weight were considerably low for the four
malnutrition indices. No children were categorized into some age-region groups. Combining the
results for the rate of malnutrition together with those for the growth curve indicate that the
nutritional status of Zambian children was generally good even though the children were
significantly short and light when compared with the reference age- and sex-matched Western
population.

In regard to regional differences, the rate of malnutrition was higher in upland regions
and lower in lowland regions. This corresponds to our previous findings that adults living in
lowland regions had the largest body size and body mass index (BMI) among the three subgroups
(Yamauchi 2009, Yamauchi and Kon 2010). These findings suggest that among the three regional
populations, both children and adults living in the lowland regions have relatively good nutritional
status. However, since no statistical significant regional difference was observed except in the case
of girl's stunting (P < 0.01), the regional subgroups were combined and the relationship between
age and nutritional status was examined for boys and girls separately (Fig. 3).

3.3 Age variation in nutritional status

Figure 3 shows the age-specific mean Z-scores of HAZ, WAZ, WHZ, and BMIAZ for
boys (Fig. 3A) and girls (Fig. 3B) aged 1 - 17 years. WHZ and BMIAZ were relatively high at -1 -
0 for all ages, whereas HAZ and WAZ were relatively low at -2 - -1. The Z-scores tended to
decrease at around 11 years old and increase at around 16 years old for both sexes, which is
consistent with the findings of the growth curves for height (Fig. 1) and weight (Fig. 2).

One of possible reasons for this phenomenon is the difference in growth pattern between
Zambian children and the reference population (Western children). Previous studies demonstrate
that timing of pubertal maturation (onset and end) is later in Zambian rural children than that in
Western children: 10.0 - 15.9 and 10.0 - 15.5 years old for US boys and girls, respectively,
compared to 12.4 - 17.1 and 13.2 - 17.0 year olds for rural Zambian boys and girls, respectively
(Campbell et al. 2004, Gillett-Netting et al. 2004, Herman-Giddens 2006). In other words, the
timing of puberty for rural Zambian children is delayed by about 2 years compared with that for
US children. This gap in the timing of puberty may cause the variation in Z-scores observed in the
Zambian children after onset of puberty (Fig. 3). In agreement with the present study, similar age

variation in Z-scores was observed in Zambia (Crooks 2007) and in the neighboring country



Malawi (Zverev and Gondwe 2001), suggesting a common tendency in southern Africa. It is thus
recommended that standard growth curves based on a Zambian national sample or Zambian ethnic

sample be developed in order to evaluate nutritional status adequately.

4. Summary and Future Perspective

Similar to the results of previous studies, the rate of stunting (low height-for-age) was
high in rural Zambian children. However, according to the Z-scores for BMI or weight-for-height
where influences of height and weight are offset, it is suggested that the nutritional status of rural
Zambian children is generally good. Distinct age variations in nutritional status were observed in
Zambian children, possibly due to the approximate 2-year delay in puberty compared to the
reference US population. Further studies are needed to assess nutritional status comprehensively by
examining the diet and physical activity of children in addition to anthropometry. It would be
desirable to develop local reference growth curves instead of using international reference data
based on Western populations in order to evaluate growth and nutritional status of the Zambian

children adequately.

Table 1. Rate of malnutrition in rural Zambian children

Stunting Underweight Wasting Thinness

N % N % N % N %

Lowland 27 29.6 26 7.7 22 0.0 27 3.7

Boys Hillside 39 33.3 38 7.9 35 29 38 0.0
Upland 37 37.8 37 16.2 34 29 35 29

All 103 34.0 101 10.9 91 2.2 100 20

Lowland 35 14.3 35 0.0 32 0.0 35 0.0

Girls  Hillside 35 31.4 35 14.3 29 3.4 33 0.0
Upland 40 47.5 41 7.3 34 11.8 39 5.1

All 110 31.8* 111 7.2 95 5.3 107 1.9

*Significant reginal difference (P < 0.01) by Kruskal-Wallis test
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Abstract

We reported in a previous project seasonal variations in the body weight of adult villagers
living in three contrasting ecological zones (Lowland, Hillside, and Upland) in the southern
province of Zambia. The report revealed differences in the nutritional status of adults and in
patterns of seasonal variation in body weight between the three zones, suggesting characteristic
lifestyles of the people living in each zone even though the zones were not geographically distant.
Based on these findings, we conducted a field survey on diet, physical activity, and behavioral
patterns to investigate the lifestyles of the three populations between August 2010 and September
2010. The subjects were chosen from participants of the preceding growth monitoring survey. This
article describes differences in lifestyle, from the viewpoints of diet, physical activity, and
behavioral patterns, of adult men and women living in the three zones, with special attention paid
to regional and sex differences.

Daily energy intake (neither absolute values nor standardized ones by fat-free mass) did
not differ between the three regional groups for either sex. However, regional characteristics of
dietary patterns were observed from the results on nutrient intake, energy percent of
macronutrients, the proportions of specific food groups contributing to energy, and all
macronutrients. Moreover, regional differences in physical activity and behavioral patterns were
observed.

Significant sex differences were found in the diet and physical activity patterns in the
Lowland group, which can be explained by the fact that many men living in the lowlands had a
side occupation besides farming and spent most of their time outside the home in the dry season.
The contribution of fish consumption to dietary intake was highest in the Lowland group because
of its geographical proximity to Lake Kariba. The lowland men also consumed a home-made
fermented alcoholic drink. As for the Hillside group, their behavioral area used in daily life was the
largest and their physical activity the highest, the latter particularly so for the women. Only the
Upland group consumed sweet potato. The men and women living in the Uplands showed similar
patterns in both space use and level of physical activity as the couples work together farming

during the dry season.

1. Introduction
Seasonal variation in food availability is said to influence the nutritional and health

condition of populations in many developing countries (Wandel and Holmboe-Ottesen 1992).



Schofield reported that seasonality affects food intake especially in areas where the distribution of
rainfall is unimodal (Schofield, 1974). Moreover, it was revealed that the factors affecting the food
and nutritional situation are not only pre-harvest food shortages but high agricultural workloads
(Chambers et al. 1979).

Some studies of African rural populations have demonstrated that food intake decreased
and physical activity increased during the rainy season when agricultural work output is at a peak,
and physical activity decreased after the harvest season (Schofield 1974; Wandel et al. 1992). It
was also shown that the post-harvest body weight of adults was heavier than the pre-harvest body
weight (Wandel and Holmboe-Ottesen 1992).

In a project report last year, based on longitudinal anthropometric data, we reported
seasonal variation in the weight of adult villagers living in three contrasting ecological zones in the
southern province of Zambia (Yamauchi and Kon 2010). We found distinct patterns of seasonal
variations: weight peaked around June during the dry season and was lowest in February to March
during the rainy season. These variations were similar to those for adult Tanzanians reported by
Wandel and Holmboe-Ottesen (1992). In addition, we found differences in nutritional status and
patterns of seasonal variation in weight between the three zones.

The results raised some questions. First, it cannot be said the differences in nutritional
status are attributable to geographic distance because two villages which are located within these
areas and farthest each other are at least about 20km away. Moreover, the results of seasonal
variations in weight which showed parallel patterns between the sexes in each area and showed a
difference in patterns between the three zones may suggest that the residents in each zone have a
characteristic lifestyle. Thus, studying the lifestyle of populations living in different ecological
zones that are in close geographical proximity will help us to learn how the people, especially
those living with unsteady agricultural production, maintain their health and nutritional condition.

We conducted surveys of the diet, physical activity, and behavioral patterns to investigate
the lifestyle of the three populations; individual subjects were chosen from the samples
participating in longitudinal anthropometric surveys. This article describes the result of these

surveys focusing on differences in lifestyle by zone and sex.

2. Subjects and Method
2.1 Research Area & Subjects

The study was conducted at four villages (Sianemba village, Siameja village, Kanego
village, and Siachaya village) located in Sinazongwe district of the southern province of Zambia.
These villages can be divided into three contrasting ecological zones: Sianemba and Siameja are in
the lower flat land zone (Lowland), Kanego is in the middle slope zone (Hillside), and Siachaya is
in the upper flat land zone (Upland). Eight households comprised the sample for the Lowland
group, and 7 households each comprised those from the Hillside and Upland groups. A total 26

men and 30 women aged over 18 years old in sample households were examined.



2.2 Measurements
1) Anthropometry

Height, weight, mid-upper-arm circumference, and the triceps and subscapular skinfold
thickness were measured. Body mass index (BMI; kg/m?) was calculated as weight in kg / (height
in m)”. Sum of the two-site skinfold thickness was put into the equation of Durnin and Womersley
(1974) to calculate body density, then the equation of Siri (1956) was used to estimate body-fat
percentage (%fat). Mid-upper-arm muscle area (MUAMA) was calculated using the triceps

skinfold thickness and mid-upper-arm circumference (Frisancho 1990).

2) Food Consumption

Food intake was recorded using a weighed dietary record. We visited sample households
to measure their meal before preparing breakfast (generally at 07:00) and stayed until subjects had
eaten their supper (generally between 20:00 and 21:00). Food consumption data were converted
into quantities of energy and nutritional intakes using the Zambia Food Composition Tables, 4th
edition (The National Food and Nutrition Commission of Zambia 2009). In addition, percentages

of energy and macronutrients as derived from 7 food groups were calculated.

3) Physical Activity

Physical activity was monitored using a uniaxial accelerometer sensor. Subjects attached
the device to their waist during 5 consecutive weekdays and data recorded during the middle 3
days were analyzed. Physical activity recorded by the device was categorized into one of 11
activity levels (0, 0.5, and 1-9) based on accelerometric signal patterns. Total energy expenditure

was calculated using these activity levels.

4) Behavioral Area

Behavioral area used in daily life was investigated using portable GPS. Subjects wore
portable GPS with accelerometer sensors for 3 days corresponding to the middle 3 days of wearing
the aforementioned accelerometer sensor. Latitude, longitude, and elevation of each subject’s
location, and distance from last point, cumulative distance, movement bearing, and speed of
movement were recorded. Behavioral tracks were identified using Google Earth software, then

behavioral radius, the center of which was the subject’s home, was measured.

2.4 Data analysis

All data are expressed as means and SDs. Regional differences were examined by
ANOVA and multiple comparisons. Gender differences were examined using the unpaired t-test.
All analysis was performed with the JMP 8.0.2] software package (SAS Japan), with statistical
significant set at P<(.05.

3. Results and Discussion

3.1 Anthropometry



Age and anthropometric measurements are given in Table 1. Age, body size, and body

Table 1 Age, body size, and body composition of adults living in three contrasting ecological
zones of Zambia

a) Male
Lowland (n=7) Hillside (n = 10) Upland (n =9)
Mean SD Mean SD Mean SD
Age (years) 473 18.1 36.9 13.1 36.7 18.6
Height (cm) 171.5 4.7 169.3 6.0 165.5 6.6
Weight (kg) 61.1 2.4 58.4 2.0 57.8 2.2
BMI (kg/m?)" 20.7 2.2 20.4 1.5 21.0 1.8
%fat (%) 20.0 4.5 16.8 32 19.4 6.1
MUAMA (cm?®)® 4272 57.0 438.2 55.9 4225 95.7

" Body mass index : weight (kg) / height (m)
* The equation of Siri (1956) and Durnin & Womersley (1974) was used.

* Mid-upper-arm muscle area : The equation of Frisancho (1990) was used.

b) Female

Lowland (n = 10) Hillside (n =9) Upland (n=11)

Mean SD Mean SD Mean SD
Age (years) 36.5 15.2 37.9 8.2 359 11.9
Height (cm) 159.9 52 157.0 4.3 156.8 5.6
Weight (kg) 60.0* 9.8 50.3 4.0 54.2 7.4
BMI (kg/m?)' 23.4 3.9 20.4 1.2 22.1 2.9
%fat (%) 335 55 28.7 3.9 325 4.2
MUAMA (cm’)’ 346.5 43.4 362.0 45.7 322.8 444

' Body mass index : weight (kg) / height (m)®

? The equation of Siri (1956) and Durnin & Womersley (1974) was used.

* Mid-upper-arm muscle area : The equation of Frisancho (1990) was used.
* Significantly higher than in Hillside and Upland (P<0.05)

composition did not differ significantly between the three zones for either sex. Average BMI in all
zones and for both sexes were classified as ‘normal’ (18.5 < BMI < 25.0) according to WHO
criteria (WHO 2000). Among men and women of the Hillside group, because BMI and %fat were
the lowest and MUAMA was the highest of the three zones, they were characterized as having a
‘lean’ physique. BMI differences between the sexes were not identified in all zones. MUAMA was
higher among men than women (P < 0.01), whereas %fat was higher among women than men (P <
0.001) in all zones.

3.2 Food Consumption
Table 2 shows the energy and nutrient intakes of men and women in the three zones.

Daily energy intake and daily energy intake per fat-free mass did not differ between the three zones



for either sex. Fat intake and fat energy percent among men in the Lowland group were
significantly lower than among men in the other two zones, while carbohydrate energy percent was
the highest of the three zones. Among women, fat intake, carbohydrate intake, and energy percents
of fat and carbohydrate did not differ between the three zones. Only protein energy percent was

Table 2 Comparison of daily energy and nutrient intakes of adults living in three contrasting

ecological zones of Zambia

a) Male
Lowland (n = 6) Hillside (n = 10) Upland (n = 8)
Mean SD Mean SD Mean SD
Energy (kcal) 2266.7 465.7 3032.0 719.6 2863.4 539.2
Energy (kcal/FFM'kg) 48.3 10.7 62.0 11.4 61.6 10.4
Protein (g) 53.7 21.1 75.4 24.5 62.0 13.4
Energy % 9.1 2.1 9.9 1.6 8.6 0.3
Fat (g) 20.3* 6.9 56.6 17.4 46.7 13.6
Energy % 7.8% 1.5 17.1 4.9 14.9 4.2
Carbohydrate (g) 472.1 87.0 557.1 140.3 540.4 99.2
Energy % 83.8%* 3.0 73.3 4.4 75.6 7.3
Calcium (mg) 299.9 210.0 432.7 299.1 634.5 405.4
Iron (mg) 16.8 34 21.0 53 20.2 4.1
Vitamin A (ug) 1850.6 2200.9 4532.7 3330.1 5163.2 2874.2
Vitamin C (mg) 44.5 28.1 26.8 24.6 32.6 21.8

' Fat fee nass

* Significantly lower than in Hillside and Upland (P<0.01)

** Significantly higher than in Hillside and Upland (P<0.01)

b) Female
Lowland (n = 10) Hillside (n =9) Upland (n=11)
Mean SD Mean SD Mean SD
Energy (kcal) 2681.1 602.6 2595.4 359.6 2476.9 621.4
Energy (kcal/FFM'kg) 68.4 16.0 72.6 9.3 68.0 15.3
Protein (g) 73.0 23.8 66.4 10.1 56.9 16.8
Energy % 10.7* 1.8 10.3 1.2 9.1 0.8
Fat (g) 35.6 18.8 43.1 10.1 42.4 20.0
Energy % 11.4 43 15.1 3.7 15.0 4.6
Carbohydrate (g) 505.6 74.2 487.6 78.4 464.3 102.5
Energy % 77.0 8.2 75.0 3.7 75.6 6.6
Calcium (mg) 668.0 395.3 369.5 133.0 516.6 416.8
Iron (mg) 26.1%* 11.7 20.3 5.7 16.6 3.7
Vitamin A (ug) 6140.4 6881.8 5044.9 2697.3 3819.1 2199.7
Vitamin C (mg) 75.5%%* 39.2 26.3 17.1 21.1 16.7

' Fat fee nass

* Significantly higher than in Upland (P<0.05)
** Significantly higher than in Hillside and Upland (P<0.05)
*#%* Significantly higher than in Hillside and Upland (P<0.001)
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Figure 1 Contribution of specific food groups to daily energy intake

lower in the Upland group compared to the lowland group. Gender differences were not found in
the intakes of energy and all nutrients at any of the zones. Figures 1 and 2 show the proportional
contribution of specific food groups to the daily intake of energy and protein, respectively, at the
three zones and for each sex separately. The proportion of specific food groups contributing to the
intakes of energy and all macronutrients were significantly different for all zones, suggesting that

there are regional characteristics in dietary patterns. On the other hand, gender differences were not
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Figure 2 Contribution of specific food groups to daily protein intake

found in the hillside and upland groups, but the proportional contribution of food groups to the
daily intake of protein, fat, and carbohydrate were significantly different between men and women
in the Lowland group.

These results imply that men and women in the Hillside and Upland groups have similar

dietary patterns, but there is gender difference in the dietary pattern of the Lowland group. The



occupation of men in the Lowland group may account for this gender difference. Many adult men
in the Lowland group work in the kapenta (small fish caught in Lake Kariba) industry and stay
overnight near the lake in the dry season when there is less agricultural work to do at home. This
resulted in the absence of the male head of the household in the Lowland group during our survey.
A few male subjects who were at home during the survey mostly had a second occupation (i.e. job
at a local clinic, day laborer). They spent most of the daytime outside the home and ate meals at
their workplace, and this might account for the clearer gender difference in diet in the Lowland
group compared to the Hillside and Upland groups where subjects of both sexes eat meals together.
In addition, some subjects in the Lowland group consumed a home-made fermented alcoholic drink
made from tea leaves, yeast, and a high amount of sugar. The food composition of sugar is all
carbohydrate. Sugar is classified into ‘rest’ in this study. This would explain the high proportional
contribution of ‘rest’ to carbohydrate intake (data not shown) and the high intake of carbohydrate
(Table 2) among men in the Lowland group.

As to other specific regional dietary patterns, there was a high proportion of consumption
of ‘roots & tubers’ to intakes of energy and protein among both men and women in the Upland
group (Figures 1, 2). This is attributed to the intake of sweet potato only in the Upland zone, where
sweet potato was eaten for breakfast in almost all cases. The proportion of ‘fish’ consumption to
protein intake was highest among both sexes in the Lowland group compared to other two zones.
Although kapenta caught in Lake Kariba were processed and eaten in all zones, fresh fish was sold
only in the lowlands close to the lake and were cooked and consumed by the sample households in

this group, thus accounting for their high proportion of ‘fish’ consumption to dietary intake.

3.3 Physical activity & behavioral area

Table 3 shows the estimated basal metabolic rate and indices of physical activity and
behavioral area. TEE, energy balance, and PAL did not differ significantly between the three zones
for either sex. Energy balance was within the proper range (= 1MJ = 239kcal) for men in the
Hillside group and men and women in the Upland group. A minus energy balance was found
among men in the Lowland group, and women in the Lowland and Hillside had excess energy
intake. Mean PAL was classified as ‘active’ (FAO/WHO/UNU 2004) for all zones and both sexes.

Although there was no significant difference in daily steps or daily total moving distance
between the three zones for either sex, the behavioral radius was significantly larger for both men
and women in the Hillside group (Table 3). However, 5 male subjects in this group attended a
major Christian meeting in Batoka town about 35 km away from their village, where many Tongan
Christians met during the survey period. This may have expanded their behavioral area compared
to other subjects who did not attend the meeting or who attended another such meeting outside the
survey period. If we calculate the mean behavioral radius of the 5 male subjects excluding the day
they attended the meeting, the mean value and SD is 8.2 = 8.9. Performing the statistical
comparison again, we find no difference between the three zones. The mean behavioral radius
among men in the Hillside group was still the largest of all groups despite the re-calculation, that

among the women was also significantly larger than for the other sites. Both this finding and those



of daily steps and daily total moving distance show that the behavioral area of hillside subjects is

the largest and that their degree of activity is also the highest, especially for the women.

Table 3 Basal metabolic rate and indices of physical activity and behavioral area of adults

living in three contrasting ecological zones of Zambia

a) Male
Lowland (n=7) Hillside (n=10) Upland (n=9)
Mean SD Mean SD Mean SD
Weight (kg) 61.1 2.4 50.3 4.0 57.8 2.2
BMR' 1479.0 225.1 1552.7 122.3 1513.5 148.0
TEE (kcal)® 2535.4 471.9 2790.3 302.5 2728.6 279.4
Balance® -345.2 699.4 241.7 649.4 177.0 534.2
PAL* 1.71 0.08 1.79 0.09 1.81 0.13
Steps (steps/day) 12111 3980 15828 4932 17226 7208
Distance (km/day) 9.5 6.3 20.6 13.0 11.3 55
Behavioral radius (km) 4.9 3.7 21.8* 15.4 2.6 2.1

! Estimated basal metabolic rate (FAO/WHO/UNU 2004)
? Total energy expenditure

* TEI - TEE

* Physical activity level; TEE / BMR

* Significantly higher than in Lowland (P<0.01)

b) Female
Lowland (n=10) Hillside (n=9) Upland (n=11)
Mean SD Mean SD Mean SD
Weight (kg) 60 9.8 50.3 4 54.2 11.9
BMR' 1307.1 128.9 1249.5 36.6 1288.7 62.3
TEE (kcal)® 22242 253.9 2241.6 113.1 2280.3 152.0
Balance® 456.9 494.4 353.8 395.9 196.6 584.0
PAL* 1.70 0.11 1.79 0.08 1.77 0.05
Steps (steps/day) 13681 7589 18643 5604 16414 3004
Distance (km/day) 8.6 5.4 11.6 34 9.6 1.7
Behavioral radius (km) 1.8 1.8 4.7* 33 2.9 1.6

! Estimated basal metabolic rate (FAO/WHO/UNU 2004)
? Total energy expenditure

* TEI - TEE

* Physical activity level : TEE / BMR

* Significantly higher than in Lowland (P<0.05)

Among the women in the Lowland group, PAL, behavioral radius, and daily steps were
the lowest of the three zones, although not significantly so. Women in the Lowland group are likely
to be more sedentary than those in the other two zones. Moreover, while male subjects in the
Lowland group had a minus energy balance, the women there showed a plus value, which was also

the highest of the three zones.



Among the Upland subjects, there was no gender difference in daily steps, daily total
moving distance, or behavioral radius. In fact, most of the sample households in this group farm
even during the dry season and we found many couples working together in their fields during the
survey. This working together of spouses differs from the situation in the other two zones,
suggesting that men and women in the Uplands have similar patterns of both use of place and

amount of physical activity expended.

4. Summary

The findings suggest gender differences in dietary and physical activity patterns in the
Lowland population because many of the adult men have a second occupation and spend most of
the daytime outside the home in the dry season. In the Lowland group, the proportion of ‘fish’
consumption to dietary intake was higher in both sexes because of the geographical proximity to
the lake, and some male subjects consumed a home-made fermented alcoholic drink. The subjects
in the Hillside group had the largest behavioral area and highest rate of physical activity, especially
among the women. The unique dietary characteristic of the Upland group was that they ate sweet
potato. Moreover, as many couples work together farming in the rainy season in the Upland group,
it is suggested that they have similar patterns of both use of place and amount of physical activity

expended.
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1. Introduction and method: Meteorological observations in 2009/2010

Local meteorological observations have been made in the Sinazongwe District, Zambia,
from September 2007. Detailed analysis of observations from the 2007/08 rainy season was
reported in Kanno and Saeki (2009), and that of the 2008/09 rainy season was summarized in
Kanno et al. (2010). In this paper, we summarize the characteristics of the 2009/10 rainy season
and compare these to the 2007/08 and 2008/09 rainy seasons.

Two meteorological observation stations (weather stations) were installed at Siachaya
Village (site C; high elevation, 1090 m) and Sianemba Village (site 4; low elevation, 515 m). The
stations were powered by a solar-charged battery and installed in a wide open area devoid of
vegetation in the center of each village. Meteorological observations of air temperature, air
pressure, relative humidity, solar radiation, precipitation, wind direction and wind speed were
made at 30 min intervals and stored by a data logger. Wind direction was recorded as instantaneous
values, whilst the other meteorological elements were recorded as mean values over a 30 min
period (the 30 min prior to the time of data logging). Equivalent potential temperature and absolute
humidity were calculated from air temperature, relative humidity and air pressure.

Separate to these observation stations, a total of 48 rain gauges were installed at sites 4
and C as well as at an additional location in Kanego and Chanzika villages (Site B; mid elevation,
720-986 m), with 16 gauges at each site. Precipitation data was recorded at 30 min intervals and
automatically stored in the data logger, and hourly and daily precipitation means were calculated
from this data.

In the 2009/2010 season, the condition of the rain gauges was generally poor, especially
at site 4. Some data loggers were broken and others recorded zero in the middle of the rainy season
(the cause being that the water hole in the rain gauge was clogged with mud). Consequently, the
number of rain gauges with data over the whole rainy season was: 4 at site A, 7 at site B, and 10 at
site C, respectively. The number of data loggers that collected data over the whole measurement
period varied in each of the three rainy seasons at each station. We therefore interpolated the
precipitation at missing data points using the precipitation data at the nearest three gauges and

these interpolated time series were then used to calculate the mean precipitation data.



2. Temporal variation of precipitation at each site

Precipitation data recorded by the weather stations for the three rainy seasons, 2007/08,
2008/09, and 2009/10, were compared for sites 4 and C. Figure 1 shows the accumulated daily
precipitation at the two weather stations. In the 2007/08 rainy season, there was a lot of rain in
December, and in 2009/10 season, there was much rain around late February to early March, and
2008/09 experienced a stable increasing rate of precipitation throughout the rainy season. At site A4,
the difference in the accumulated precipitation between the 2007/08 and 2008/09 rainy seasons
was very large until mid February. However, much precipitation fell in late February and the
difference in the total amount of precipitation over these two rainy seasons was not large:
1437-1258 = 179 mm. Interestingly, the time variation in precipitation differed amongst the three
rainy seasons, and the accumulated precipitation over time in the 2008/09 rainy season shows a
constant increasing rate. At site C, the variation in precipitation over time in each of the three years
was similar to site 4, but the precipitation difference between the 2007/08 and 2009/10 rainy
seasons were smaller than at site 4. This indicates that the volume of precipitation in the highlands
(site C) is more stable over a rainy season than the lowlands.

Figure 2 shows the daily and accumulated precipitation for the three rainy seasons at site
A. Precipitation was averaged over the 16 rain gauges, which comprised a combination of
observation and interpolated data. The difference in precipitation between the first and third rainy
season precipitation was distinct until early March. The maximum accumulated precipitation
difference was 1030 mm on February 1. In the 2009/10 rainy season, precipitation suddenly
increased in early and late March. Interestingly, there was a distinct break with almost no rain for
ten days in mid February 2010. After this break, over 1000 mm of precipitation was observed in a
short period and the total amount of precipitation for the season reached nearly the same value as in
the 2007/08 rainy season. In the other two rainy seasons, there was not much rain after late
February, and the dry spell and rain late in the season in 2010 are distinct inter-seasonal variations.
These may have importance for understanding the nature of precipitation variations in the 2009/10
season.

Figure 3 shows the daily and accumulated precipitation for each of the three rainy seasons
at site B. Whilst the nature of the temporal variations for each of the three rainy seasons were
similar to those at site 4, the difference between the seasons was a little lower than at site A. The
precipitation graph for Site C is shown in Fig. 4. The maximum difference between two rainy
seasons was 680 mm, which is the smallest difference amongst the three sites. Also, the total
amount of precipitation was nearly the same in each of the three years at site C. The dry period in
mid February 2010 can be seen distinctly at all three sites.

Next, we consider the causes responsible for the precipitation differences amongst the
three rainy seasons. Interestingly, in spite of the time variations, the total amount of precipitation in
each of the three rainy seasons was the nearly the same at sites B and C, and in 2007/08 and

2009/10 rainy seasons, were almost the same at site 4. Major events in
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Fig. 1 Daily accumulated precipitation (mm) at sites 4 and C from November 14 to April 30
for the three rainy seasons (2007/08, 2008/09, and 2009/10). Data were observed by

meteorological weather stations.
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Fig. 2 Daily mean and accumulated precipitation (mm) at site 4 from November 1 to April
30 for the two rainy seasons (2007/08 and 2008/09). Precipitation was averaged over the 16

rain gauges.

regards to the global atmospheric field occurred during these periods. An E/ Nino event occurred
from Spring 2007 to Summer 2008 and a La Nina event occurred from Summer 2009 to Spring
2010 (seasons for the northern hemisphere). These events affect global weather conditions, causing,

for example, unusual rainfall and flooding, drought and forest fires, warm winters, cool summers.



So, the difference in the timing of rainfall in the two rainy seasons was possibly affected by these
El Nino and La Nina events, and we now have measurements for three different cases: El Nino, La

Nina, and the common (2008/2009 season) year.
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Fig. 3 As in Fig. 2 except for site B.
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Fig. 4 As in Fig. 2 except for site C.

Distinct diurnal variations are present in the hourly precipitation values in the 2009/10
rainy season (Fig. 5), with high precipitation occurring between 1700 and 0200 hours at all sites. In
comparison to the previous two rainy seasons, the two peaks in rainfall at 2100-2200 and
2400-0100 at site A4 are unique features. In the morning, site 4 has an indistinct peak around 0500,
site B has a distinct peak at 0600 and C has a peak at 0700-0800. It seems that the morning rain



moves from site 4 (lowland) to site C (highland). In the daytime from 1000 to 1500, there was little
rain at each of the three sites. In a comparison of the three rainy seasons, there was little daytime
rain observed in the 2008/09 and 2009/10 seasons; however, in the 2007/08 rainy season, distinct
daytime rain was observed. Since the 2007/08 rainy season was an E/ Nino year, the atmospheric
circulation may have been different from the other two rainy seasons. In conclusion, midnight rain
around 2000-0100 was common in all three rainy seasons, but daytime rain was observed only in

the 2007/08 rainy season, which may be attributable to the £/ Nino phenomenon occurring at this

time.
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Fig. 5 Hourly precipitation (mm) from November 1 to April 30 for three rainy seasons
(upper: 2007/08 and 2008/09, lower: 2009/10) at sites A, B and C.

3. Meteorological observation station data

In this section, daily and hourly variations of meteorological parameters other than
precipitation at site 4 are discussed. The analysis period is from September 2007 to August 2010,
and the annual features will be discussed. Analysis of data from site C was not conducted due to
poor data recovery owing to instrument failure.
3.1.Temperature and humidity

Figure 6 shows the time variation of temperature and relative humidity at site A.



Temperatures reach a maximum value from October to December, just before and following the
onset of the rainy season. In the rainy season (from November to March), temperatures gradually
decrease, and after the rainy season, this rate of decrease becomes large and temperatures fall until
June-July.
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Fig. 6 Time series of temperature (t) and relative humidity (h) at site 4 in three rainy
seasons (2007/08, 2008/09 and 2009/10).

Relative humidity shows minimum values of around 30-40 % from September to October,
and then rises rapidly with the beginning of the rainy season. After December, humidity is
maintained at 60-80 % until April, and then gradually decreases. The relative humidity was
distinctly lower around December to January in the 2009/10 rainy season (La Nina year) than for
the other two rainy seasons, during which period there was little rain. Also, the relative humidity
from late March to April 2010 maintained higher values than during the other two rainy seasons.
On the other hand, humidity from February to April in 2007/08 season (E/ Nino year) was lower
than the other rainy seasons, and there was a little rain after February 2008. Consequently,
humidity showed different temporal variations in the E/ Nino and La Nina years, which indicates
that the difference in precipitation between those seasons may have been produced by large
atmospheric variations.
3.2.Equivalent potential temperature and mixing ratio

Figure 7 shows the time variation of equivalent potential temperature (fe) and mixing
ratio (x) over the three rainy seasons. These values simultaneously rise in early November,
indicating the arrival of the air mass that produces the rainy season around this period. Therefore,
in spite of the interannual variations in precipitation, the air mass movement may occur at
nearly the same time in each of the three years. On the other hand, a distinct difference is seen in
the period from late March to April, whereby fe and x in 2007/08 and 2008/09 seasons rapidly drop
at the end of the rainy season, but in 2009/10, they maintain a high value, same as that in the rainy

season, until April. These differences might be produced by the large-scale atmospheric variations



peculiar to the La Nina year.
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Fig. 7 Time series of equivalent potential temperature (fe; K) and mixing ratio (x; g/kg) at

site A in three rainy seasons.
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Fig. 8 Time series of daily solar radiation (MJ) at site 4 for three rainy seasons.

3.3.Solar radiation

Figure 8 shows the time series of daily solar radiation over each of the three rainy seasons.
The value on a clear day indicates the annual cycle in solar radiation: the maximum values were
observed in the rainy season from December to February, and the minimum were around June and
July. In the rainy season, the values of solar radiation in each of the three years indicate the
characteristic inter-seasonal change. Around mid December and late January, all values dropped
simultaneously, likely coinciding with cloudy and rainy weather. On the other hand, solar radiation
in 2007/08 fell in early January, but did not in the other two years. Also, solar radiation was low
around late February 2010. These differences might coincide with the precipitation differences in

the EIl Nino and La Nina years, respectively. We thus identify that these climate events affect a



range of meteorological elements.

4. The relation between the dry spell and the large-scale atmospheric field in the 2009/10
rainy season

As discussed in Section 2, the time series of precipitation show unique features in each
rainy season. In this section, we focus on the dry period in the 2009/10 rainy season and analyze the
contemporaneous moisture field, and then consider the relation between them. The data used in this
section is NCEP/NCAR reanalysis data (Kalnay et al., 1996).

Figure 9 shows the surface precipitable water distribution over southern Africa from
January 27 to February 5, 2010. At our observation sites, about 200 mm of rain fell in this period.
The high precipitable water area is shaped like a band from the equatorial Indian Ocean to the
southern part of the African continent, and around the equator on the western side of Africa, which
are part of the ITCZ. Also, there is another band-like area from the southeastern coast to the
western equatorial coast through the southern part of Zambia. The value at our site is ca. 37-38
kg/m’. Therefore, the rain experienced in this period may have been brought by this moisture band.
Surface precipitable water for the period from February 6 to 15 is shown in Fig. 10. In this 10 day
period, there is no rain and it is recognized as a clear break in the rainy season. The band-like area
across the African continent seems to be interrupted, and the value at our site is ca. 30 kg/m’.
Surface precipitable water from February 16 to 25 is shown in Fig. 11. In this period, a lot of
rainfall over 500 mm was experienced. The band-like moist area extended from the Indian Ocean
to our site. The value around our site is ca. 40 kg/m’ and this may have been sufficient to produce
much rain.

Consequently, the break in the 2009/10 rainy season was associated with the variation in
the large-scale moisture field, that is, the inter-seasonal variation of the ITCZ. Therefore, it is
possible that the variation in precipitation at the three study sites is a local phenomenon, but that
the global atmospheric variation also affects them. A numerical meteorological model experiment
using the global objective analysis data as input should be effective for the analysis of the variation

in the distribution of local precipitation.

5. Numerical simulation experiments

In this section, a numerical meteorological model was used for the simulation of the
spatial distribution and temporal variation of local precipitation at the study site. The model used in
this study was the Weather Research & Forecasting Model (WRF) ver. 3.2. The input data sources
were as follows: the objective analysis data were NCEP/NCAR reanalysis data, the vegetation data
were supplied via the MODIS (MODerate resolution Imaging Spectroradiometer) product, soil
data were from the World Soil Resources Map Index, and the topography data were sourced from
U.S. Geological Survey's GTOPO30.



30F 40F 50E B0E 706
Columnar Precipitable Water kg/m*2 Composite Mean
1/27/10 to 2/5/10

! | I I I [ NEEP/HCAR

15 20 25 30 35 40 45 50

Fig. 9 Surface precipitable water distribution over southern Africa from January 27 to
February 5, 2010.

R T
Columnar Precipitable Water kg/m"2 Composite Mean
2/6/10 to 2/15/10

1 1 1 1| | NCEP/NCAR|Req|
20 25 30 35 40 45 50 55

Fig. 10 As in Fig. 9 except from February 6 to 15, 2010.
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Fig. 11 As in Fig. 9 except from February 16 to 25, 2010.

Figures 12, 13 and 14 show the daily mean distribution of precipitation in December in
2007, 2008 and 2009, respectively. As already mentioned, a lot of rain fell in December in 2007
and little rain in 2009 at our sites. The results of the model simulation agree with these
observations. In 2007, much precipitation was seen in the simulation results around the northern
highland area and our site experienced relatively high precipitation extending from the north along
the southwestward-facing slope. In 2008, precipitation was less than in 2007, and in 2009, there
was the least precipitation of the three years in the vicinity of our sites.

Figures 15, 16 and 17 show the daily mean distribution of precipitation in February 2008,
2009 and 2010, respectively. According to the observations at our sites, precipitation was low in
2008 and high in 2010. The simulated distribution of precipitation in 2008 shows few rainfall areas
around 16.5-18.0°S latitude (Fig.15), and around our sites, precipitation was the lowest of the three
rainy seasons. On the other hand, in February 2009 and 2010, a large precipitation area was located
in the northern area, and the precipitation was highest in 2010 of the three rainy seasons around our
sites (Figs.16 and 17).

Consequently, the numerical model was found to well simulate the observed distribution
of precipitation in the three rainy seasons. Thus, the other simulated meteorological elements
should be useful for gaining an understanding of the factors producing these weather variations.
We are continuing the simulation of further meteorological elements over a longer time range, and

these will be presented in a subsequent report.
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Fig. 12 Daily mean precipitation
distribution in December in 2007 in
Sinazongwe District, Zambia. The
colorscale indicates the amount of
precipitation, lines and numerals in the
figure are the contour line and value.

The contour interval is 100 mm.
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Fig. 15 Daily mean precipitation Fig. 16 As in Fig. 15 except for
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in Sinazongwe District, Zambia.

Fig. 17 As in Fig. 15 except for
2010.

6. Conclusions

Local meteorological observations were made at three research sites in the Sinazongwe
District, Zambia, from September 2007 onward. The observation data were analyzed and
compared over three rainy seasons: 2007/08, 2008/09, and 2009/10. The results of this analysis are
summarized as follows:

1) The time series of precipitation over the three rainy seasons show distinct variations:
the early stage of the 2007/08 rainy season experienced a lot of rain, but the late stage of the
2009/10 season experienced much rain. Since the 2007/08 rainy season occurred in an El Nino
phase and the 2009/10 rainy season occurred in a La Nina phase, these differences were possibly
produced by the differences in large scale circulation.

2) Hourly accumulated precipitation showed distinct diurnal variations, with high



precipitation between 1700 and 0200 hours at all sites throughout the three rainy seasons. In the
2009/10 rainy season, morning rain seems to have moved from the lowlands to highlands. In the
2007/08 season, there was distinct precipitation in the daytime, which may be related to the £/ Nino
event.

3) Temporal variations in temperature showed a common seasonal change, but those in
relative humidity showed variable characteristics. Exemplifying the difference between the El
Nino and La Nina years, humidity around December to January of the 2009/10 rainy season (La
Nina year) was distinctly lower than in the other two seasons. Also, humidity from late March to
April 2010 maintained a higher value than the other two seasons. On the other hand, humidity from
February to April in 2007/08 season (£I Nino year) was lower than the others.

4) The temporal variations of equivalent potential temperature and mixing ratio show a
simultaneous rise around early November, which indicates that the air mass producing the rainy
season arrives around this period. In the 2009/10 season, these parameters maintain a high value
until April, same as in rainy season. These differences may be produced by the large-scale
variations peculiar to the La Nina year.

5) Around mid December and late January, solar radiation dropped in all years, which
likely coincides with cloudy and rainy weather. Solar radiation fell in early January 2007/08, but
not in the other two years, and in late February 2010, solar radiation was low. These differences
might coincide with the temporal differences in precipitation in E/ Nino and La Nina years,
respectively.

6) According to the large-scale precipitable water analysis, the break in the 2009/10 rainy
season was likely affected by the variation of the large scale moisture field, that is, the
inter-seasonal variation of the ITCZ. It is possible that the variations in precipitation at three sites
are local in nature, but also affected by the variation in global atmospheric circulation.

7) The numerical meteorological model was found to well simulate the distribution of
precipitation over the three rainy seasons. Thus, other simulated meteorological elements should
be useful in providing an understanding of the factors producing these weather variations, and this

will be investigated in a subsequent study.
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Abstract

Optimal planting date is essential to attain high maize (Zea mays L.) productivity despite
environmental variation in low-input agriculture in Zambia. Local farmers generally plant maize as
soon as possible after the rainy season begins, but there is no scientific evidence that this timing is
optimal for attaining high productivity using local practices. To test this, we grew maize at three
planting dates (normal timing, then 10 and 20 days later) in six fields of Zambia's Southern
Province in the 2008/09 and 2009/10 growing seasons. Grain yield was reduced by delayed
planting, by an average of 19% for all years and locations combined. The reduction resulted from
decreased biomass production and harvest index. The yield was closely correlated with the mean
air temperature and wind speed during the 30 days after planting; cooler and windier conditions
increased the magnitude of the yield reduction due to delayed planting. These results support the

early planting used by local farmers.

1. Introduction

Maize (Zea mays L.) is a major food source in southern Arica, including Zambia, but its
productivity is low compared to yields obtained elsewhere in the world; the mean yield in Zambia
(1742 kg ha™'; 10-year average from 1999 to 2008) is only 37% of the world average (4671 kg ha™),
and the coefficient of variation in Zambia is roughly twice that in other countries (FAO, 2010). A
slight decline in maize productivity can have detrimental effects on the lives of local farmers and
their families, jeopardizing both their health and their lives. Stabilization of maize productivity in
Zambia is therefore essential, particularly given current prospects for future climate change (IPCC,
2007).

The precipitation pattern is one of the most critical factors that affects maize production
in Africa (Cane et al., 1994; Phillips et al., 1998; Stige et al., 2006), where precipitation occurs
primarily during the wet season. Choosing the most appropriate planting date is therefore essential
for increasing crop productivity by taking advantage of the available climatic resources under
conditions in which farmers have no access to inputs such as synthetic fertilizers or pesticides.

To analyze the impact of planting date on maize productivity, simulation models have
proven to be a powerful option (Tsubo ef al., 2005ab; Abraha and Savage, 2006). These models
have shown that too-early planting before the rainy season begins increases the risk that severe

drought will prevent germination and establishment when young plants do not have root systems to



absorb enough soil water. On the other hand, too-late planting might reduce the total growing
period and total biomass by limiting crop absorption of solar radiation. Most simulation models,
however, were developed based on data obtained from experiments conducted under well-fertilized
conditions and well-controlled management practices. Unfortunately, huge gaps exist between the
potential productivity and the actual productivity achieved by farmers due to differences in several
key factors, such as fertilizer, pesticide, and herbicide inputs. Sileshi et al. (2008) analyzed the
published maize yield data, and showed that actual maize productivity was almost half of the
productivity obtained under well-fertilized conditions, with a high coefficient of variation for yield
under field conditions. Thus, it is necessary to test the effects of planting date on maize
productivity under local environmental and cultivation conditions to calibrate the predictions of
simulation models.

There have been few field studies of the effects of planting timing on maize productivity
in Africa (Tsubo et al., 2003, for South Africa; Tittonell et al., 2008, for Kenya; Kamara et al.,
2009, for Nigeria), leading to weak scientific evidence for the optimal planting date that will
maximize maize yield by smallholders in southern Africa. In the present study, we examined the
effects of planting date on maize productivity at six smallholder fields in Zambia, at three altitudes

that differ in weather conditions.

2. Materials and Methods

In Zambia’s Southern Province, the local maize cultivar ‘Jileile’ was planted in six fields
of villages at three different altitudes: A = Sianemba and Siameja villages (17°05°S, 27°30’E, 517
m in altitude, two fields), B = Chanzika village (17°05°S, 27°20’E, 769 m in altitude, one field),
and C = Siachaya village (16°59’S, 27°20°E, 1075 m in altitude, three fields). Planting was
conducted on three dates from late November to early December in 2008 (starting on the normal
date, then at ca. 10-d intervals) to produce a final density of 33.3x10’ plants ha™ (1 m between
rows X 0.3 m between plants; planting two to three seeds per spot for an initial density of from
67x10° to 100x10° plants ha™"). The plants were thinned after emergence, leaving only a single
plant per spot. Table 1 summarizes the planting dates and other key dates. We defined the normal
planting date based on the decision of the local farmers as the control, then chose planting dates
that were approximately 10 and 20 days later as the delayed planting treatments; at some sites, we
used only one of the two treatments and at other sites we used both. Farmers in Zambia's Southern
Province have learned from experience to plant maize a few days after the second large rainfall of
the year, which is judged to represent the start of the wet season. The plot size in the control
treatment was 20 X 20 m, whereas those in the 10-d-later and 20-d-later plots were about 10X 20 m.
Agronomic practices followed local methods: weeding by hand, and no irrigation, fertilizer,
herbicide, or pesticide application in any field. A similar experimental design was used in 2009/10,

but the planting was delayed in two plots (to 47 days later in ASnl and 31 days later in CSal).



Table 1. Growth stages and grain yield of maize sown on different dates in the 2008/09 and 2009/10
growing seasons in Zambia.

Period from
Season Site Field ID Treatment Sowing Emergence Flowering sowing to
flowering

2008/09 Control 4-Dec 7-Dec 30-Jan 57
ASn1 10d later 13-Dec  (+9) 17-Dec (+10) 7-Feb (+8) 56 (-1)
A 20d later 23-Dec (+19) 27-Dec (+20) 19-Feb (+20) 58 (+1)

Control 4-Dec - 30-Jan 57
ASM2 104 later 13-Dec  (+9) - - - -

B BCh2 Control 29-Nov - 17-Jan 49
10d later 8-Dec  (+9) - 5-Feb (+19) 59  (+10)

Control 28-Nov - 2-Feb 66
CSal 10d later 7-Dec  (+9) 13-Dec 27-Feb (+25) 82  (+16)
20d later 17-Dec (+19) 23-Dec 20-Mar (+46) 93  (+27)

C csa2 Control 28-Nov - 2-Feb 66
10d later 7-Dec  (+9) 13-Dec 27-Feb (+25) 82  (+16)

csa3 Control 28-Nov - 1-Feb 65
10d later 7-Dec  (+9) 13-Dec 27-Feb (+26) 82  (+17)

2009/10 Control 17-Dec 21-Dec 1-Feb 46
ASn1 10d later 30-Dec (+13) 5-Jan (+15) 16-Mar (+43) 76  (+30)
A 20d later 2-Feb (+47) 6-Feb (+47) 2-Apr (+60) 59  (+13)
ASM2 Control 17-Dec 22-Dec - -
10d later 30-Dec (+13) 3-Jan (+12) - -

B BCh2 Control 12-Dec 17-Dec 26-Jan 45
10d later 22-Dec (+10) 29-Dec (+12) - -

Control 8-Dec 13-Dec 28-Jan 51
CSal 10d later 18-Dec (+10) 23-Dec (+10) 16-Feb (+19) 60 (+9)
20d later 8-Jan (+31) 13-Jan (+31) 12-Mar (+43) 63 (+12)

C csa2 Control 8-Dec 13-Dec 28-Jan 51
10d later 18-Dec (+10) 23-Dec (+10) 16-Feb (+19) 60 (+9)

CSa3 Control 8-Dec 13-Dec 28-Jan 51
10d later 18-Dec (+10) 23-Dec (+10) 16-Feb (+19) 60 (+9)

Values in parenthesis indicate differences from the control. -, data not available.

We recorded the emergence and flowering dates in each plot. At harvesting time (in early
April), maize yield was determined for the whole control plot (divided into 12 subplots of 5X6 m,
for a total area of 360 m?), but we used four subplots (2X2 m, for a total of 16 m?) at each site in
the 10-d-later and 20-d-later plots. The yield was expressed as the oven-dried (70°C) seed weight.
The 100-grain weight was also measured. From the 100-grain weight and grain yield, the grain
density was estimated. Total oven-dried aboveground biomass was also measured. We calculated
harvest index by dividing the total grain yield by the total aboveground biomass of an oven-dry
basis.

Solar radiation, wind speed, and relative humidity were measured at sites A and C, at one
location per site, using a CMP3 solar radiation sensor (Campbell Scientific Inc., Logan, UT, USA),
a 034B-Lx wind set (Campbell Scientific Inc.), and a CS215-Lx temperature and relative humidity
sensor (Campbell Scientific Inc.) covered by a 41303-5A radiation shield (Campbell Scientific
Inc.), respectively. Air temperature was measured at three locations at sites A and B and four
locations at site C, at 1.2 m in height, with a TR-52 sensor (T&D Corporation, Nagano, Japan)
covered by a 41303-5A radiation shield. Precipitation was measured at 16 locations at each site
using CTK-15PC tipping-bucket rain gauges (Climatec Inc., Tokyo, Japan). All measurements
were conducted at 30-minute intervals.

We used Excel statistics to perform simple linear regression analysis of the relationship
between yield and environmental parameters, and to calculate Pearson's correlation coefficient

between total grain yield and the yield and weather parameters.



3. Results
3.1. Weather

The total precipitation was greater in 2009/10 than in 2008/09, but did not differ between
locations (Table 2). The seasonal precipitation trend differed between years; the precipitation was
greater during the early growing season in 2008/09, but was greater during the late growing season
in 2009/10. The precipitation during the early growing season (December and January) was higher
at site C than at sites A and B in both years. Figure 1 illustrates the changes in daily precipitation at
the three sites around the maize planting dates (from November to December) and during the rest
of the growing season. The precipitation started earlier in the 2008/09 season than in the 2009/10
season.

The seasonal mean air temperature (December to March) was lowest at the high elevation
of site C (average 21 to 23°C, maximum 26 to 27°C, minimum 18 to 19°C), followed by site B at
an intermediate elevation (average 23 to 24°C, maximum 28 to 29°C, minimum 19 to 20°C), and
was highest at the low altitude of site A (average 25 to 26°C, maximum 30 to 31°C, minimum 21 to
22°C) (Table 2). Air temperature in the 2008/09 was about 1°C lower than that in 2009/10, and
decreased during both growing seasons. Wind speed was faster at site C than site A (by 60%)
throughout the growing season in both years. Relative humidity was generally higher at site C than
site A. Solar radiation at site C was only about 90% of that at site A. Thus, the weather at the
higher altitude of site C was cooler, windier, and wetter, with less solar radiation, and the 2008/09

season was cooler and wetter than the 2009/10 season.

Table 2. Climate conditions at the three study locations in Zambia during the 2008/09 and 2009/10 growing seasons. Elevations: site A < site B < site
C.
Season  Year  Month Precipitation Air temperature (°C) Relative Solar  Wind speed
(mm) Average Maximum Minimum (%) MIm?d"  (msT)
A B Cc A B C A B C A B C A C A C A Cc
2008/09 2008 Dec. 339 365 397 254 235 223 299 277 266 219 202 192 79.0 841 205 189 0.7 14
2009 Jan. 225 348 358 257 236 222 305 279 270 220 203 189 80.7 87.1 229 202 08 12
Feb. 234 211 246 254 232 217 306 283 269 211 195 180 80.3 86.2 249 214 08 1.2

Mar. 369 274 180 239 219 205 294 270 255 200 184 170 830 872 208 189 0.7 1.1
Seasonalmean 292 300 295 251 231 217 301 27.7 265 213 19.6 183 80.8 8.1 223 198 0.8 1.2
] 73 71 100 08 0.8 0.8 0.5 0.5 0.7 0.9 0.9 10 17 14 20 12 01 01

2009/10 2009 Dec. 176 150 219 268 249 234 318 297 283 223 210 195 735 788 239 224 11 14
2010 Jan. 64 194 243 270 246 231 325 293 280 227 210 197 729 820 236 207 09 1.2
Feb. 848 650 478 256 237 224 304 284 265 222 206 196 83.3 880 191 176 05 1.1

Mar. 450 375 301 253 233 218 308 287 267 211 194 182 827 869 217 19.0 05 1.0
Seasonalmean 384 342 310 262 241 227 314 290 274 221 205 192 781 839 221 199 08 12
sD 349 227 117 08 07 07 10 06 09 07 07 07 57 43 22 21 03 02

Relative value 1 0.76 088 095 096 096 096 096 096 097 096 096 095 1.03 103 101 100 1.01 1.04

Relative value 2 - 095 090 - 092 0.86 - 092 0.88 - 092 087 - 1.07 - 0.90 - 160
Relative value 1 = mean in 2008/09 divided by mean in 2009/10 (i.e., annual difference). Relative value 2 = mean at site A in both years divided by
mean at sites B or C (i.e., regional difference).

3.2. Cropping schedule and growth stage

The planting date in the control plots in 2008/09 (30 November * 3.0 d, mean + standard
deviation) was an average of 11 days earlier than that in 2009/10 (11 December + 4.4 d) (Table 1)
because the rainy season started earlier (Fig. 1). The planting date was earlier at the high-elevation
site C than at the lower elevations of sites A and B (Table 1). The flowering date in the control was
earlier at sites A and B than at site C, even though the planting date was earliest at site C.

The delayed planting date did not affect the duration from planting to seedling emergence



(Table 1). The period from planting to flowering was prolonged by 10 to 27 days in 2008/09 as a
result of the delayed planting, except at site A, where there appeared to be no significant difference.

In 2009/10, flowering was delayed by 9 to 30 days compared with the control.

2008/09 2009/10
80 I a) site A 80 1 ) site A
E o0 f 60 |
5
5 40 40 |
3 l l
3 20 | 20 |
o
0 L L L Il d 0
= 80 I' o) site B 80 I'e)site B
E e} 60 |
5
5
2 4¢ 40 | l
8
o 20 f l 20 | |l |l|| | |l
0 1 1 l I xl L 0
80 r 80 r
_ (c) Site C () Site C
E
E 60 | 60 |
5 |
T 40 | 40 |
& 20 F | |l 20 F
0 1 ||L 0 1 I nlﬂl " 1 "nl

10/15 10/29 11/12 11/26 12/10 12/24  1/7 10115 10/29 1112 11/26 12/10 12/24 17
2008 2009 2009 2010

Fig. 1 Daily precipitation pattern at three villages in Zambia in (a, b, ¢c) 2008/09 and (d, e, f)
2009/10. Arrows indicate the planting date in the control.

3.3. Grain yield

Grain yield in the control at sites A and B was greater than 1100 kg ha™ in 2008/09 and
greater than 700 kg ha™' in 2009/10 season, with the exception of field ASm2 in 2009/10 (480 kg
ha™) (Table 3). However, the yield at site C was less than 300 kg ha™' in both years. The delayed
planting date reduced grain yield significantly (P < 0.001), by an average of about 19% for all
years and locations combined (Fig. 2).

The changes in biomass and harvest index also explained the variation in grain yield (» >
0.65, P < 0.001; Table 3). Of the yield components, the grain yield variations were explained best
by grain density (» = 0.956, P < 0.0001), but individual grain size was also significant (» = 0.529, P
< 0.01). No significant relationship between grain yield and the number of plants per hectare was
observed (» = 0.240, ns).



Table 3. Grain yield, biomass yield, and harvest index of maize sown on three dates in the 2008-2009 and 2009-2010 growing seasons in
Zambia. Elevations: site A < site B < site C.

Plant L
Sit Farmer's Grain yield estabslishmen In.dwldlfal Grain density Biomass Harvest index
Year e field ID Treatment t grain weight
kg ha' 10°ha” g 100-grains” 10° ha kg ha
2008/09 Control 1157 105 26.8 33.7 3430 2263 0.51
ASn1 10d later 1205 =207 (1.04) 30.0 (112 29.1 (0.86) 4144 (1.21) 4497 682 (1.99)  0.27 (052)
A 20d later 1214 =115 (1.05) 37.5 (1400 18.6 (055 6537 (1.91) 11594 1633 (5.12) 0.10 (0-20)
ASM2 Control 1117 =37 23.7 29.9 3729 2765 0.40
10d later 740 62 (066) 45.0 (1.90) 23.0 (0.77) 3215 (0.86) 3794 168 (137) 0.20 (048)
B Bch Control 1956 166 24.6 32.8 5966 3733 0.52
10d later 1375 =261 (0.70) 30.0 (1.22) 28.2 (0.86) 4875 (0.82) 4324 +4e4 (1.16) 0.32 (061)
Control 197 1 22.6 31.7 622 1161 0.17
CSal 10d later 10 (005) 26.3  (1.16) 7.3 (0.23) 134 (0.22) 891 =139 (077) 0.01 (0.06)
20d later 0 =0 (0000 17.5 (0.77) 0.0 (0.00) 0 (0.00) 501 =217 (0.43)  0.00 (0.00)
C CSa2 Control 252 5 17.0 21.9 1149 1096 0.23
10d later 138 67 (055) 33.8 (1.98) 19.0 (0.86) 728 (063) 1482 +140 (1.35) 0.09 (0:40)
CSa3 Control 286 87 18.9 25.4 1127 1002 0.29
10d later 26 =1 0.09) 344 (1.82) 14.5 (0.57) 177 (0.16) 1209 <164 (1.21) 0.02 (0.07)
2009/10 Control 766 15.7 32.7 2342 2153 0.36
ASn1  10d later 478 - (062) 35.0 (223) 247 (0.76) 1937 (0.83) 1207 (0.56) 0.40 (1.11)
A 20d later 530 0 (069) 23.8 (1.51) 243 (074) 2179  (0.93) 1654 (0.77) 0.32  (0.90)
ASm2 Control 480 18.7 30.7 1565 1384 0.35
10d later 492 =09 (1.02) 23.8 (127)  26.0 (0.85) 1897 (1.21) 1099 (0.79) 0.45 (1.29)
B BCh2 Control 885 26.3 - - 3169 0.28
10d later 996 0 (1.13) 23.1  (0.88)  26.2 3801 3100 (0.98) 0.32
Control 642 26.1 247 2600 2054 0.31
CSal 10d later 467 151 (0.73) 23.8 (091) 220 (0.89) 2127 (082) 1511 (0.74) 0.31 (0.99)
20d later 510 =7 (079) 28.1  (1.08) 247 (1.00) 2063 (0.79) 1954 (0.95) 0.26 (0.83)
C csa2 Control 90 10.9 29.7 304 354 0.26
10d later 184 s (203) 194 (1.77) 222 (075 828 (272) 1125 (318) 0.16 (064)
csa3 Control 58 23.0 247 236 857 0.07
10d later 103 59 (1.76) 29.4 (1.28) 217 (0.88) 472 (2.00) 1153 (1.35)  0.09 (1.30)
r - 0.240 ns 0.529 ** 0.956 ** 0.656 0.662

Values in parentheses indicate the treatment value divided by the value in the control. Grain yield + SE (n =12 plot for the control plots, n = 4
plot for the 10-d-later and 20-d-later plots). r, correlation coefficient with grain yield. ***, P <0.007; **, P < 0.01; ns, not significant.
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Fig. 2 Relationship between grain yield in the control
(normal planting date) and grain yield in the delayed-
planting treatments (ca. 10 or 20 days later). The
dashed line represents the line y = x. ***, P < 0.001

To clarify the factors responsible for the yield decrease in response to the delayed
planting, we plotted the ratio of grain yield in the delayed planting treatments to that in the control
(the "relative yield") as a function of the mean weather conditions from planting to 30 days after
planting (Fig. 3). The 30-day period after planting was chosen based on the duration of the most
greatly delayed planting (ca. 20 d) and the period from planting to emergence (ca. 10 d). Note that
because the CSa2 and CSa3 plots in 2009/10 showed extremely high relative values (>1.7) due to
the exceptionally low yield in these plots (less than 100 kg ha™'), which would have introduced

excessive noise in the analysis (Table 3), we excluded these data from the regression analysis



(circled points in the figures). To confirm that this approach was acceptable, we repeated the
regression analysis with these data points included, and found weaker but still linear regressions
(data not shown). Although precipitation, solar radiation, and relative humidity were not
significantly correlated with relative yield (Fig. 3), wind speed and air temperature were both
significantly correlated with the variations of the yield response; windier and cooler conditions

both significantly decreased the relative yield.
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d-later treatments to that in the control) and mean weather conditions during the 30 days after
planting.

*** P < 0.001; ns, not significant. Circled data was excluded from the regression analysis.



4. Discussion

Our study results demonstrated that the normal planting date, which smallholders have
traditionally chosen, produced higher grain yields than the delayed planting dates, which had
yields that averaged 19% lower than those in the control for all sites and years combined (Fig. 2,
Table 3). We did not examine planting before the normal planting date, but the observed
precipitation pattern (Fig. 1) suggested that because of low rainfall before the control date (i.e., the
high risk of drought during seed germination and seedling establishment), the normal planting date
in the control represents the early limit for planting at the study sites. Thus, our field trials in two
seasons confirmed that the smallholders chose the optimal planting schedule for high productivity
of maize in their part of Zambia under the current low-input management practices. However, the
current grain yield for all villages in the present study was much lower than the national average
(1742 kg ha™) at all sites except BCh2 in 2008/09 (Table 3).

The reduction of yield due to the delayed planting was attributed primarily to the
reduction of grain density (number per hectare; Table 3). Because grain density is known to be
determined by biomass production (Uhart and Andrade, 1995; Paponov et al., 2005; Sadras, 2007),
the reduced biomass production that resulted from delayed planting appears to be the key factor
responsible for the smaller yields in these treatments. We initially assumed that water availability
would be one of the most important factors that limits maize production in Zambia, but
precipitation during the 30 days after planting did not significantly explain the yield variation (Fig.
3). Instead, wind speed and air temperature proved to be the most significant factors that
determined the response to delayed planting. Because C, plants (including maize) grow better at
higher temperatures, lower temperatures and windy conditions (which can decrease plant surface
temperature) can both reduce growth (Lafitte et al., 1997; Soldati et al., 1999). Soldati et al. (1999)
examined the effects of low temperature during vegetative growth of maize on final leaf number,
and showed that low temperatures decreased the final leaf number. Lower temperatures during the
vegetative stage in the present study might therefore have had a direct negative impact on biomass
production. At the same time, the growth reduction caused by lower temperatures would decrease
canopy development, resulting in a lower ability to compete with weed species that are adapted to
those conditions. Tollenaar et al. (1997) examined the effects of weeding under different levels of
N input, and showed that the yield losses caused by weed competition were greater at low N input
(a 48 to 64% reduction) than at high N input (a 17 to 20% reduction). In our experiment, we did
not apply any fertilizers or manure, and this would have decreased the ability of the corn to
compete with weeds, resulting in decreased growth. However, we did not measure the weed
biomass and therefore cannot confirm this hypothesis.

We used a single local cultivar in the present study, but genotypic variations in plant
responses to environmental differences will be an important issue to consider both to optimize crop
yield at the study sites and to preserve food security in the face of global climate change,
particularly given the limited resources available to farmers in southern Africa. Paponov et al.
(2005) tested the response of grain production per unit N uptake in two maize genotypes, and

found that one cultivar had 34% higher N-use efficiency for producing grain of sink capcity. The



use of such efficient cultivars might increase the harvest index under the conditions of limited
biomass production observed at the study sites, resulting in higher grain yield.

Accurate prediction of future maize productivity is essential to let nations ensure food
security during a time of global climate change. The yield responses observed in the present study
correspond well to model predictions (Tsubo et al., 2005ab; Abraha and Savage, 2006). However,
the prediction of changes during developmental stages differed from model predictions. Models of
maize growth usually predict that later planting would decrease the growth period and decrease
canopy radiation capture, thereby decreasing plant biomass and yield (Tsubo et al., 2005ab; Abraha
and Savage, 2006). However, it is interesting that in the present study, the delayed planting
generally increased the period from sowing to flowering (Table 1), though despite that increase,
biomass and yield were both reduced.

Ongoing global climatic change will have a strong impact on African maize productivity
and food security (Lobell ef al., 2008). To increase the accuracy of predictions of the future impact
on African maize productivity, more detailed measurements using local farmers and their common

cultivation practices will be required.
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Notes on Recent Changes in Vulnerability in a Village in Zambia

Shuhei Shimada
Kyoto University

Abstract

This paper discusses two remarkable changes in organizing of groups in a village in Central
Zambia, where | have conducted a field study since 1991. First, the burgeoning of small-scale group
saving and credit, and second, an increase in the practice of lending a ‘set’ of cows and plow to be used
for cultivation or weeding in the rainy season.

The burgeoning of small-scale savings and credit, referred to as Own Saving for Assets and Welfare
Creation (OSAWE), started after 2007, following the failure of a credit and savings program initiated by
an NGO. Despite the combined efforts of leaders in the village, the first credit and savings program in the
village almost went bankrupt because of the deaths of prominent members, and the consequent failure in
management and re-organization.

The second change—an increase in the practice of lending a ‘set’ of cows and a plow—was a
gradual transition, related to the weakening of group farming. In the rainy season, upland cultivation is
usually undertaken by group farming, which is organized and managed within extended families. This is
a mutually beneficial system, that operates without any transaction of money or goods. However, in the
new lending system, farmers receive money or goods, such as fertilizer or maize seed, for lending the

13 B

set’.

The implications of these two changes are ambiguous from the perspective of the vulnerability of
villagers, with two negative and two positive outcomes. First, the weakening of the practice of group
farming, which helped farmers who were not equipped with a farming ‘set’, suggests that the
vulnerability of non-equipped farmers has increased. Second, the failure of the initial small-scale savings
and credit scheme also had a negative impact on those who consequently failed to benefit from it. There
has been an increased feelings of mistrust among farmers who felt betrayed by the executives of the
scheme, which may have a negative impact on future projects in the village.

Third, the burgeoning of new small groups, for savings and credit, indicates that a new channel of
access to resources has opened up in the village, which could strengthen human networks. Fourth, the
increase of ‘set’ lending can also mitigate the increased vulnerability of non-equipped farming families.

This study suggests that the vulnerability of a farmer or household cannot be defined by a single
index that shows a cross section of social change, but should be examined by a group of indices. In daily
life, people are affected by multiple complex factors, some of which increase vulnerability and some of
which reduce it. Thus, it is important to determine ways of evaluating integrated vulnerability with a

group of indices, each of which measures a single factor for analysis.
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1. Preface of Understanding Agricultural Vulnerability, Human Behavior and Relief

Mitsunori Yoshimura

Pasco Corporation

A vicious cycle of poverty and environmental degradation is a major issue of global
environmental problems. Especially in semi-arid tropics (SAT) including Sub-Saharan Africa and
South Asia where the majority of the poor is concentrated, poverty and environmental degradation
is widely prevalent. People in this area largely depend on rain-fed agricultural production systems
and their livelihoods are vulnerable to environmental variability. The environmental resources such
as vegetation and soil are also vulnerable to human activities. In order to solve these global
environmental issues, a key factor is a recovery from, or a resilience of human society and
ecosystems to, the impacts of environmental variability. The general concept of vulnerability
expresses the multidimensionality of disasters by focusing attention on the totality of relationships
between the social situations and environmental forces, produces a disaster. The major research
question of vulnerability is methodology, such as: measuring and assessing vulnerability, including
finding appropriate indicators for various aspects of vulnerability, up- and downscaling methods,
and participatory methods. Especially in the social vulnerability, it is focus on the problems of
complex human interactions, vulnerability of groups’ people, and shocks like natural hazards,
climate change, and other kinds of disruptions. Our final goal is to identifying factors affecting
resilience and the ways to enhance the resilience of rural people to various horrible environments.
Human activities are affected by both social and ecological environments. Conversely, human
activities themselves affect both social and ecological environments. Thus there is a
cross-interaction among them. Especially social and ecological environments are vulnerable to
human activities. And sometimes total system including human activities recover or does not
recover from any shocks.

From the mentioned backgrounds, we have been conducting various field investigations at
Southern province, Zambia in order to understand what rural farmer’s resilience is. As one of the
common results of FY2009, we had established the approach to resilience. For an empirical

approach to resilience, we focus on the mechanism and the speed of recovery in food consumption



and livelihoods of agricultural households after shocks such as drought and flooding. The theme 4
has been conducting the visualization of spatial pattern of resource use from the agricultural
household point of view.

Figure 1-1 shows our study area is located in Sinazongwe district, Southern province of
Zambia. Here is located in Semi-Arid Tropics climate zone. The long term averaged annual rainfall
in Sinazongwe is 695mm/yr. As for the field investigation, we set the study sites A, B and C where
are located in the lower terrace, middle escarpment and upper terrace, respectively. This is the
common study sites for our research project; thus many rain-gauges were installed at Sites A, B
and C. The targets of field survey are total five villages; ASn and ASm (Site A), BKa and BCh
(Site B) and CSa (Site C)
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Figure 1-1. Our field sites in Southern province of Zambia

In this year, we conducted the field investigation data integration focus on understanding
an agricultural vulnerability, human behavior and relief in Southern province in order to think the
rural farmer’s resilience. At the beginning of this year, we had discussed the concept of resilience
in human activities and how to clarify the capacity at the household livelihood level. According to

discussed approach which is illustrated in Figure 1-2 as the conceptual diagram of transition in



potential production and behaviors to the climate change effects. In this paper’s the climate change

effect was the extreme heavy rain.

Dggi' Climate Change Effects
rought
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Figure 1-2. The Concept Diagram of Transition in Potential Production and Behaviors

In this figure, pre-adaptation for potential climate change risks and coping behavior of
Household A and B are compared. Household A has much asset and labor, and Household B does

not have. The horizontal axis corresponds to the time and the vertical axis corresponds to the

potential production of all livelihoods activities. Detailed considerations are discussed in Chapter 2.

The subsequent chapters discuss the various behaviors depicted in Figure 1-2. In Chapter 3, the
multi-spatial and temporal data integration is discussed as the potential risk, an adaptation in
land use and coping behavior in pre- and post shocks periods in farm activities is discussed in
Chapter 4, and supports and requests for receiving gifts through mobile phone as social networks
coping behavior is discussed in Chapter 5 respectively. In Chapter 6, we focused on the social
institution and resilience for food shortage risk. In final Chapter 7, we conclude the results of

understanding agricultural vulnerability, human behavior and relief as Postface.
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2. Resilience of Rural Farmers and Approaches for Clarifying Capacity:
The Level of Household Livelihood

Yudai Ishimoto

Research Institute for Humanity and Nature, Kyoto, Japan

Abstract

Resilience, in the context of this study, refers to insusceptibility to damage and the ability
to recover after damage. Insusceptibility has two aspects, comprising robustness and flexibility in
response to shock. This study sought to clarify the relationships between resilience and several
other important concepts. Here, I describe an approach for clarifying the capacity for resilience. In
addition, I examine the sequence of adaptation and coping behavior in the time period following a
specific shock, with a particular focus on the resilience of rural farmers at the level of household

livelihood.

2.1. Introduction

Resilience, in the context of this study, refers to insusceptibility to damage (Holling et al.,
1995) and the capacity to recover after damage (Ellis, 2000). Insusceptibility is comprised of two
aspects; robustness, and flexibility in response to shock.

Section 2.2 clarifies the relationships between resilience and several other important concepts
which are discussed in resilience and vulnerability studies (Adger, 2000; Resilience Alliance,
2007; Terner et al., 2003; Watts and Bohle, 1993); capacity, external factors, exposure, assets,
vulnerability, shock, disturbance and risk. Section 2.3 describes an approach for clarifying the
capacity for resilience. Finally, section 2.4 discusses the sequence of adaptation before and coping
behavior following a specific shock. This study has a particular focus on the resilience of rural

farmers at the level of household livelihood.

2.2. Relationships between resilience and other concepts

Figure 2-1 and 2-2 illustrate the relations between resilience and several other important
concepts at the level of household livelihood. This section describes the relationships between
resilience and other concepts, providing examples to illustrate each concept.

In this study, resilience consists of three components; capacity, external factors and assets.
The term exposure is used as a substitute for external factors in vulnerability studies (Bohle, 2001;
Chambers, 2006). Household risk is composed of potential risk and manifested risk. Emergent risk
may lead to a change in the properties of potential risk. Potential risk can be thought of as

vulnerability, emergent risk can be restated as disturbance.
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Various potential risks are related to each component of resilience; low capacity, negative
external factors and insufficient assets. When emergent risk is more extensive than expected,
potential risk is manifested; that is, Figure 2-1 shifts to Figure 2-2. Emergent risks can be divided
into ecological shocks and social shocks. Ecological shocks include light rain, heavy rain, disease
epidemic, insect damage, bird damage, other animal damage, and so on. Social shocks include
political, economic, cultural and legal changes etc.

External factors can be divided into ecological factors and social factors. Ecological
factors include geographic and climatic factors, etc. Social factors include political, economic,
legal, historic and cultural changes etc.

Capacity is divided into adaptive capacity to potential risk before shock and coping
capacity with manifested risk after shock.

Three components determine whether resilience is in a high or low state at the level of
household livelihood: capacity, external factors and assets. In cases where capacity is high,
external factors are positive and assets are sufficient, the state of resilience is high.

Figure 2-3 shows a conceptual diagram representing resilience of rural farmers at the
level of household livelihood. In the figure, the X-axis represents assets, the Y-axis represents
external factors, the Z-axis represents assets, and the volume of the cube on sides X, Y and Z-axes
represents resilience. As each component improves, each axis lengthens, and as volume increases,
resilience also increases.

For example, if rainfall (an external factor) is extremely bad (i.e. drought or flooding),
agricultural production may fall to a low level. However, if people with a high capacity for
resilience can practice suitable farming technology to offset the rainfall conditions, the reduction in

agricultural production may be absorbed or cancelled out.

External External
factor factor

Capacity Capacity

Asset Asset

Figure 2-3. Three components determining whether resilience is in high or low state.



2.3. Approach to clarify capacity

The quality of prediction and analysis of external factors has been significantly increased
in recent years with improvements in meteorological data, satellite image data and socioeconomic
data. Meanwhile, a standardized method of analysis for determining capacity as an internal factor
has not yet been established (Shimada, 2008). As such, this study focuses on capacity as one
component of resilience.

Capacity itself is difficult to measure and observe. However, when capacity is considered
in terms of the behavioral adaptation of farmers to potential risks before a shock occurs, and the
ability to cope with the manifested risk after shock, it can be measured and observed. The current
report empirically analyzes evidence of adaptation and coping behavior by farmers in the Southern
Province of Zambia, located in a semi-arid tropical region with fluctuating rainfall, as a case study

for clarifying the mechanisms underlying capacity.

2.4. Adaptation and coping behavior in time series
Adaptation and coping behavior varies according to the nature of a shock. The current
report focuses on extremely heavy rain as an ecological shock, and analyzes farmers’ behavior

across time, in terms of how they adapt and cope at the level of household livelihood.
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Figure 2-4. Conceptual diagram of transition in potential production and behaviors to extremely havy rain



Figure 2-4 shows a conceptual diagram of the transition in potential production and
behaviors in response to extremely heavy rain. In this figure, the adaptation and coping behavior of
Household A and B are compared. Household A has a relatively large amount of assets and labor,
both of which are lacking for Household B. The horizontal axis represents the time, and the vertical
axis represents the potential production of all livelihood activities Figure 2-4.

As shown in Figure 2-4, Household A adapts to the potential risk of geographical factors
with land use, in contrast with Household B, which does not. Following the extreme rain event,
Household A suffers less of a decline in potential production relative to Household B. Household A
copes with the post-shock decline by undertaking additional farming activity, animal sale and
piecework, so that potential production reaches pre-shock level. Meanwhile, Household B copes by
undertaking additional farming activity, but cannot sell any animals or practice piecework.

Eventually Household B is compensated by gifts through a social network.
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3. Multi-spatial and Temporal Data Integration for Understanding Agricultural
Activity and Vulnerability:

A case study of rural farmer’s villages

Megumi Yamashita

Survey College of Kinki, Osaka, Japan

Abstract

This chapter describes field investigations and geo-spatial/temporal analysis of livelihood
at the village level, with a particular focus on agricultural activities, using a multi-disciplinary
approach. As a basic analysis, the integration of all data collected so far has been carried out to
understand the situation at the level of the household or village, in terms of adaptation and capacity

to cope with a risk caused by an unexpected ecological or social shock.

3.1. Introduction

This research sought to clarify the relationships between social-ecological vulnerability
and human activities from a multi-disciplinary point of view using geo-spatial information in
combination with social and economic analyses. To this end, it was necessary to collect geo-spatial
and temporal data relevant to people’s livelihood and the environment in which they live.

We collected crop and field data by conducting field investigations, aerial photographs
and satellite images, and integrated and analyzed the data to understand agricultural activity and its
vulnerability to risks.

The study area covered sites A, B and C, located in Sinazongwe district, Southern province.

3.2. Data collection and analyses
3.2.1. Obtained and collected data list

Table 3-1 shows a list of all geo-spatial data we have obtained and collected so far. Since
FY2007, we have carried out a field investigation to document the boundaries of all crop fields of
all households in five villages. We also obtained aerial photographs taken around our study area in
1970, 1980 and 1991 by the Survey Department of Zambia. Additionally, we obtained satellite
images obtained by optical sensors with middle-high resolution to identify seasonal changes in the
pattern of land use / land cover and the effects of natural vegetation and cultivated land from
1972 3 to the present. These satellite images cover our study area (including Site A, B and C).
Data were processed to have the same map coordinates using the universal transverse mercator
(UTM) system (Zone35 South, WGS84) map projection.

Pre-processing and analysis were conducted in FY2010, for the data obtained and

collected mainly after 2006.



Table 3-1. Geo-spatial data for our study site area

Satellite images
Aerial photos/ crop - -
allocation data Satellite/Sensor Resolution Obs. Date Season Remarks Geome.trlc
(m) correction
. Landsat MSS 80 1972/11/23 From dry to rainy
1970 Aerial photos .
Landsat MSS 80 1973/3/11 Rainy
1980 Aerial photos Landsat TM 30 1986/11/17 Fr(?m dry to rainy
Landsat T™M 30 1987/2/21 Rainy
1990 Aerial hotos Landsat TM 30 1990/3/1 Rainy
Landsat TM 30 1995/1/26 Rainy
Landsat ETM 30/15  2001/8/30 Dry
Landsat ETM 30/15 2001/10/1 End of Dry
Landsat ETM 30/15 2001/12/20 Rainy oK
Terra ASTER 20 2002/2/6 Rainy OK
Landsat ETM 30/15 2002/2/22 Rainy
Landsat ETM 30/15 2002/5/13 Harvesting
Landsat ETM 30/15 2002/8/17 Dry
Landsat ETM 30/15  2002/10/20 End of dry
Landsat ETM 30/15 2002/11/21 From dry to rainy
Terra ASTER 20 2002/11/21 From dry to rainy oK
Terra ASTER 20 2003/4/30 End of Rainy Cloud coverage 10% OK
Terra ASTER 20 2003/6/1 After Harvest oK
Terra ASTER 20 2003/7/3 Dry oK
Terra ASTER 20 2003/11/24 From dry to rainy oK
Terra ASTER 20 2004/1/11 Rainy Cloud coverage 10% oK
Terra ASTER 20 2004/7/21 Dry OK
Terra ASTER 20 2004/8/22 Dry OK
ALOS PRISM 2.5 2006/7/19 Dry Covering siteA only (0]'¢
ALOS AVNIR-2 10 2006/9/3 Dry OK
. ALOS AVNIR-2 10 2007/9/6 Dry OK
Rainy crop data
2007/8 ALOS AVNIR-2 10 2007/10/22 End of dry OK
ALOS AVNIR-2 10 2008/4/23 Harvest Cloud coverage 10% OK
Dry crop data 2008 ALOS AVNIR-2 10 2008/6/8 End of harvest OK
ALOS AVNIR-2 10 2008/9/8 Dry OK
ALOS PRISM 2.5 2008/10/24 End of dry DEM / covering siteB and C OK
Rainy crop data ALOS AVNIR-2 10 2008/10/24 End of dry OK
2008/09 ALOS AVNIR-2 10 2009/3/11 End of rainy Cloud coverage 10%
ALOS AVNIR-2 10 2009/4/26 Harvest OK
Dry crop data 2009 |ALOS AVNIR-2 10 2009/9/11 Dry OK

3.2.2. Crop allocation map

Field investigations for crop allocation mapping were carried out for more than 220
households in the villages of ASn, ASm (Site A), BKa, BCh (Site B) and CSa (Site C) in two rainy
seasons of 2007 08 and 2008 09 and two dry seasons of 2008 and 2009.

To generate the crop allocation map, we used a portable global positioning system (GPS)
to measure boundaries at a sub-field level that recognized different crops at Sites A, B and C. In
addition, we conducted interviews with all households to obtain information about field names,
topography, soil type, crops, cultivated varieties and types of fertilizer, to understand households’
coping strategies related to climate variations. The boundaries of crop fields and attributes such as
the names of crops and their owners were converted to the general geographic information system
(GIS) data format with a Shape file (.shp).

Furthermore, we determined whether each crop field had been damaged by a natural

disaster, such as drought or flood, and which crops were replanted after damage.



3.2.3. Generation of Digital Elevation Model

To generate a Digital Elevation Model (DEM) and ortho aerial photo images of the large
scale of our study area, we used aerial photos taken in 1991 with a scale of approximately 1 :
30,000. However, because an area around site C was not completely covered, we also used a stereo
pair of ALOS/PRISM images taken on 2008/10/24 from nadir, forward and backward views.

We processed the stereo pairs of both aerial photos and ALOS/PRISM images. We used
XYZ coordinates of UTM (Zone35 South, WGS84) read from Google Earth as the ground control
points (GCPs) for extra orientation. Figure 3-1 shows the Digital Elevation Model (DEM) around
our study sites. The grid size of the DEM was 5 m.
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Figure 3-1. DEM generated by aerial photos and ALOS/PRISM stereo pair

3.2.4. Geometric correction for satellite images

Multi-spectral satellite images are useful for recognizing seasonal land surface conditions.
In FY2010, we processed the geometric correction for all ALOS/AVNIR-2 images. The AVNIR-2
sensor has four spectral bands of visible Blue (bandl), Green (band2), Red (band3) and Near
Infrared (band4). Here, we used the same map coordinates from Google Earth as the ground
control points (GCPs) for geometric correction. The location accuracies of the geometric
corrections for all images were less than one pixel (10 m).

Figure 3-2 shows the results after geometric correction of ALOS/AVNIR-2 false color



images taken on 2008/9/8, 10/24, 2009/9/11 in the end of dry season and 2009/4/26 at the end of

the rainy season. These images are different visually between the ends of the dry and rainy seasons.

Figure 3-2. Samples of geometric corrected ALOS/AVNIR-2 false color images (RGB:b432)

3.2.5. Additional data

We also collected location data for all of the households we examined, and other facilities
such as schools, churches, watering points, water pumps and markets/shops, using portable GPS.
Data regarding the main roads and streets commonly used in these areas were also measured with
GPS and entered by visual interpretation on the aerial photographs and the ALOS/PRISM ortho
images.

Figure 3-3 illustrates the distribution of the households and other commonly used
facilities. These kinds of location data can be used to analyze the relationship between the
locations of households and crop fields and accessibility to facilities and natural resources. The
accessibility of facilities in BKa and BCh (site B), which were established in the 1990’s, is more
difficult than access at other sites. However, the forest resource has been largely retained in site B,
providing an advantage over some other areas. Therefore, some of households in site B have

another livelihoods such carpenter, plank and so on.
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Figure 3-3. The locations of the examined households and commonly used facilities

3.3.Results and discussion
3.3.1. Rainy crop area from 2007_08 to 2008 _09

The characteristics of the crop field location were different at each study site. At site C,
almost all of the crop fields were distributed along the mountain ridges and the gentle slope of the
hill. The crop fields at site B were distributed around very steep hillsides. The terrain at site A is
basically flat, and the soil is more fertile than that at sites B and C.

Figure 3-4 shows the crop allocation map at site A during two rainy seasons of 2007 08
and 2008 _09. The ALOS/PRISM image is shown in the background. The areas shown in green
indicate the overlapped fields of both rainy seasons in 2007_08 and 2008 09.

Figure 3-5 shows a graph of the total crop field area in five villages during two rainy
seasons of 2007/2008 and 2008 09. Total crop area in the 2008 09 rainy season appeared to
decrease compared to the rainy season of 2007 08. More than 67% of rainy season crop fields in
2008 09 overlapped with the crop fields of the 2007 08 rainy season.
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Figure 3-4. Crop field distribution at site A during two rainy seasons of 2007 08 and 2008 09
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Figure 3-5. Total crop field area during two rainy seasons of 2007 08 and 2008 09



3.3.2. Topographical features of agricultural land use

To examine the topographical conditions of each households’ crop fields, the slope was
calculated from the DEM and classified into seven classes: Flat (0-1, units: degree), very gently
sloping (1-3), gently sloping (3-8), sloping (8-15), steep (25-40), very steep (more than 40), in
accord with the Handbook for soil survey (Japanese Society of Pedology, 1978). The mountain
ridges and small valleys or thalwegs were detected with the method of water flow accumulation
(Jackson and Domingue, 1988).

Figure 3-6 shows the results of slope classification. It is easy to recognize the flat, gently

sloping and steep areas at each site.
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Figure 3-6. Slope classification

Figure 3-7 shows the topographic features of mountain ridges and valleys / thalwegs and
the crop field distributions at site B as an example. At site B, all crop fields were located in
topographical areas featuring mountain ridges, hill sides and valleys / thalwegs. We analyzed the
areas of seven slope classes, mountain ridges and valleys / thalwegs for each crop field. Therefore,
we were able to determine the topographical situation of the crop fields of each household in
assessing ex ante adaptation for ecological risks such as drought and heavy rain. Adaptation at the

household level is discussed in Chapter 4.
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Figure 3-7. Topographic structures and crop fields in part of site B

3.3.3. Seasonal land use / cover characteristics

According to the crop calendar constructed from Miyazaki’s interviews about periods of
land preparing, planting weeding and harvesting at three sites, the land preparation involved
clearing and burning rainy crop fields, performed from September until the beginning of November.
In addition, many pictures were taken in the various seasons at three study sites. Figure 3-8 shows

samples of the pictures taken on 2007/9/13 in the dry season at Bka.
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Figure 3-8. Samples of pictures taken on 2007/9/13 in BKa (by Miyazaki)

Comparing field data with the geo-corrected ALOS/AVNIR-2 images shown in Figure 3-2



allows the characteristics of land use / land cover in each season to be understood. In Figure 3-2,
the false color images taken on 2008/9/8 and 10/24 show the charcoal color. These areas show the
land cover situation after the burning. In addition, smoke and haze can be seen in the image taken
on 2009/9/11. The image taken on 2009/4/26 appears redder than other images on the whole, and
the areas around our study sites reveal brightness at that location. The brightness areas on this
image show the crop fields after harvesting. These findings suggest that it might be possible to
automatically distinguish between cropland and natural vegetation fields using these seasonal

characteristics.

3.4. Predicted results in FY2011

We plan to collect and analyze various types of multi- spatial and temporal data in
FY2011.

First, the classification of land cover/use in rainy and dry seasons around three study sites
will be carried out using ALOS/AVNIR-2 images, crop calendar and field pictures as ground truth
data. Second, spatial analysis of the land cover/use and topographical features will be performed.
We will then examine the potential risks and ecological shocks at the level of villages or study

sites.
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4. Adaptation and Coping Behavior of Farmers during Pre- and Post-Shock Periods

Hidetoshi Miyazaki

Research Institute of Humanity and Nature, Kyoto, Japan

Abstract

Farmers use both on-farm and off-farm-based coping strategies to mitigate the impact of
heavy rain. The choice of coping behaviors tends to vary with access to resources. As an example
of on-farm-based coping behaviors, farmers can change land use patterns by switching crops. As
an example of off-farm-based coping behaviors, heavy rain affected farmers can compensate for

lost income by selling livestock and fishing.

4.1. Introduction

When assessing farmers’ adaptation and coping behavior as elements of household
resilience, it is important to clarify how farmers actually adapt to climate variability during the
pre-shock period, and how they cope during the post- shock period.

In this chapter we describe adaptation strategies in land use, and coping behavior in terms

of on- and off- farm activities.

4.2. Adaptation to climate variability

Figure 4-1 illustrates the relation between maize harvest and three characteristic rainfall
amounts. Figure 4-1 a), b) and c) show an adequate rainfall year, a drought year and a heavy
rainfall year, respectively. Maize fields are distributed around different topographic positions
including ridges, slopes and valley bottoms. In an adequate rainfall year, maize harvest is a normal
harvest for each topographic position. In a drought year, we expect fields on valley and slope near
the valley to retain an adequate harvest, while fields on ridges and slopes near ridges are unlikely
to produce an adequate harvest because of a shortage of rainfall. In heavy rainfall years, however,
we expect fields on ridges and slopes near ridges to acquire adequate harvest, but fields on valley
and slope near the valley may not acquire adequate harvest because of flooding. These predictions
were confirmed by field experience from 2007 08 to 2009 10.

Thus, the maize harvest varies every year depending on rainfall and topographic position.
Thus, if a farmer possesses maize fields at each topographic position, they can avoid severe
negative consequences of climate variability such as drought or heavy rainfall. However, not all
farmers have access to fields at all topographic positions. Therefore, it is important to know where
each household’s fields are located when considering their adaptation to climate variability.

Table 4-1 indicates the potential risk of heavy rainfall for a rainy season maize field, for
each household in 2007_08. The number in parentheses indicates the potential risk of heavy
rainfall. We supposed that if a farmer has three maize plots of the same size, the potential risk can

be estimated by three numbers as follows. The value is 1 for a ridge plot, 2 for a slope plot and 3



for a valley plot.
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Figure 4-1 Relationship between maize harvest and three characteristic rainfall amounts,

a) Adequate rainfall year, b) Drought year and c) Extremely heavy rainfall year

Table 4-1 Potential risk of heavy rain at rainy season maize fields in 2007_08

Vall Slope S| Ridge Ridge, slope Ridge Rid
Households aley and valley ope and valley  and valley and slope 1age
Number
(9.0) (7.5) (6.0) (6.0) (6.0) (4.5) 3.0
Site B 37 O 0% O 0% 0 0% O 0% 35 95% 2 5% 0 0%
Site C 81 0 0% 16 20% 29 36% 1 1% 19 23% 16 20% 0 0%

If potential risks are larger, it is more likely for a crop to be damaged by heavy rain.
Conversely, smaller potential risk indicates higher resilience. At Site B, almost all households
possessed maize fields at all topographic positions. However, at Site C, the location of maize fields
tended to be biased to a slope. Comparison of the two sites reveals that Site B has greater resilience
than Site C. However, this estimation is tentative. Future studies should make topographic maize

harvest classifications on the basis of topographic features, soil nutrient content and slope angle.



4.3. Coping behaviors in terms of on-farm activities during the post shock period
4.3.1. Rainfall between 2007_08 and 2009_2010

Figure 4-2 shows the daily rainfall and daily accumulation rainfall at Site A and Site C. At
Site A, total amounts of rainfall of 2007 08, 2008 09 and 2009 2010 were 1,438 mm, 1,093 mm
and 1,262 mm respectively. At Site C, the amounts were 1,320 mm, 1,293 mm and 1,058 mm,
respectively. As is mentioned in our previous report, many of the fields at each of our study sites
were damaged by heavy rain in 2007_08. Many fields were also damaged by heavy rainfall in
2009 _2010. At each site, total amount of rainfall was highest in 2007 _08. However, the total
amount of rainfall in 2008 09 was higher than in 2009_2010 at Site C. This means that the damage
to fields caused by heavy rainfall was not determined by the total amount of rainfall alone, but
rather the rainfall pattern, as can be seen at the end of December in 2007 08 and the end of
February in 2009 10.
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Figure 4-2 Daily rainfall and daily accumulated rainfall at a) Site A, and b) Site C

4.3.2. On-farm activities at each site from 2007_08 to 2008_09
Figure 4-3 shows on-farm activities at each site from 2007 08 to 2008 09. At all sites,

maize was most dominant staple food crop. At site A, cotton was the second most common crop in



both years. In 2007_08, cotton was second, but in 2008 2009 the ratio of cotton grown was
decreased due to the additional labor and chemical inputs required compared to other crops,
leading to a selling off of cotton crops at site B. Sweet potato is the second-most dominant crop at
site C. At this site, sweet potato is a more important cash crop than cotton. These differences of
on-farm activities among three sites depend on meteorological conditions, soil conditions and
access to the market and the main roads.
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Figure 4-3 On-farm activities at each site from 2007 08 to 2008 09

4.3.3. Coping behaviors related to on-farm activities during the post shock period
Approximately 20% of maize fields were damaged by heavy rainfall in 2007 _08. As a

coping response to heavy rain damage, between 30% and 80% of damaged fields were abandoned.

(Figure 4-4) In some fields, farmers switched or replanted crops. At site A, many farmers sowed

maize seeds again. In site B, many farmers switched to planting groundnuts and maize during the



dry season. At site C, many farmers switched to sweet potato. Thus, coping behaviors in response

to heavy rain damage were markedly different at each site.
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Figure 4-4 Coping behaviors related to on-farm activities following heavy rain damage

4.4. Coping behaviors in off-farm activities during the post-shock period
4.4.1. Coping behaviors in off-farm activities at the site-level

Table 4-2 shows site-level coping behaviors to damage from heavy rain through
non-agricultural activities. The table shows the number of households that started new
non-agricultural activities because they could not sell maize due to a shortage of maize production
in 2008. 65% of households sold animals as a coping behavior. (Figure4-5) At site A, elderly
households commonly asked for financial assistance from relatives. At site B, the number of

households selling planks increased.

Table 4-2 New non-agricultural activities for households that were unable to sell maize

due to the shortage of maize yields in 2008

Housholds  Animal Poultry Fish II-BoecearI Plank Others
SiteA (n=69) 16 10 1 1 0 0 4
SiteB (n=33) 7 6 1 0 0 5 0
SiteC (n=91) 6 2 0 1 1 0 0

Total 29 19 2 2 1 5 4
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Figure 4-5 Coping behaviors in off-farm activities at the site-level for households

that were unable to sell maize due to the shortage of maize yields in 2008

4.4.2. Coping behaviors related to off-farm activities by household-level

Table 4-3 shows household-level coping behaviors. Table a) shows data for 2007. Table b)
shows data for 2008. The numbers in each row indicate the percentage distributions of cash income
sources in each year, summing to 100%. After the fields were damaged, income was obtained by

selling animals, fish, and local beer in 2008.



a) 2007

2007 Maize Cotton Vegetable Animal Poultry G?ther Fish Local Carpenter Plank Piece
ing Beer Work

Csa5 20.0 30.0 20.0 15.0 15.0

Csa2l 15.0 50.0 15.0 20.0

Csa24 5.0 20.0 20.0 5.0 50.0

Csa33 11.1 5.6 11.1 16.7 38.9 16.7

Csa 59 5.0 10.0 45.0 5.0 35.0

Csa 85 10.0 30.0 15.0 20.0 10.0 15.0

b) 2008

2008 Maize Cotton Vegetable Animal Poultry Ga.ther Fish Local Carpenter Plank Piece
ing Beer Work

Csa5 100.0

Csa2l

Csa 24 10.0 10.0 70.0 5.0 5.0

Csa33 -- 15.0 50.0

Csa59 1.0 4.0

Csa 85 e s 50  10.0

Table 4-3 The cash income situation in 2007 and 2008 for households

experiencing crop damage from heavy rain at Site C



5. A Preliminary Report on Support and Requests for Gifts via Mobile Phones:
A Case Study of Rural Tonga People in the Southern Province of Zambia

Yudai Ishimoto

Research Institute for Humanity and Nature, Kyoto, Japan

Abstract

In Zambia, the penetration and prevalence of mobile phone use has dramatically increased
in recent years. This study focused on the mobile phone as a rapidly spreading tool for
communication, and sought to clarify how rural Tonga people utilize mobile phones to receive
support.

The results revealed several key findings regarding support and requests for gifts via
mobile phones among Tonga people: 1) People with insufficient funds for making calls on their
mobile phones often encourage others to call them by “paging” others’ phones. 2) In cases where a
household member has no mobile phone, they can often access the mobile phone of another
household. 3) Cash and food are often requested via mobile phones. 4) Most requests are made
over a long distance. 5) Many requests occur between parents and children boarding elsewhere,

and between villagers and urban relatives.

5.1. Introduction

The prevalence and penetration of mobile phone use in Africa has rapidly increased in
recent years. Figure 5-1 shows growth in the number of subscribers and penetration of mobile
phones in Africa over the 6-year period from 2002 to 2007 (Blycroft Limited. 2008). The number
of mobile phone subscribers grew from 49.10 million in 2002 to 280.69 million in 2007. A similar

tendency has been seen in Zambia, a country in southern Africa.
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Figure5-1 Mobilesubscribersand penetration in Africa

Source: Blycroft Limited. (2008) Afiican Mobile Factbook 2008, —
Blycroft Publishing, Craven Arms. Figure 5-2. Tonga womanusing a mobile phone



Ecological factors cause fluctuations in food production and income in rural villages in
the semi-arid tropics (SAT). The Tonga people live in the SAT region in the Southern Province of
Zambia. In addition to difficulties created by ecological factors, rural Tonga people have limited or
no access to insurance markets or administrative social security.

If problems such as poor harvest occur in this context, they may be compensated via
social networks, which function as a kind of insurance. The present study focused on the use of
mobile phones as a rapidly spreading tool for communication, and sought to clarify how rural
Tonga people utilize mobile phones to receive support. This preliminary report is part of an

ongoing research project.

5.2. Research Outline

The research sites were located in areas of lower flat land (“Site A”), middle slope (“Site
B”), and upper flat land (“Site C”) in the Sinazongwe area, Southern Province, Zambia. Tonga
people constitute the majority of residents at each of these sites.

Interviews were conducted through a questionnaire, administered on alternating weeks.
The research period covered 168 days, from early August 2009 to early July 2010. The specific
research topics of interest were the details of calls and short message service (SMS) messages,

including the reason for contact, and information about the person contacted.

5.3. A Case Study of Household E at Site A

This section examines the mobile phone use of the householder of Household E
(Householder E) at Site A, and discusses the features of cell phone use in the study area.

Over the entire study period, Householder E’s mobile phone was utilized 355 times for
calls, and eight times for SMS messages. Of these calls, 272 were received, while 83 were made
from Householder E’s phone. Of the SMS messages sent, seven of the messages were received
from others, and only one was sent from Householder E’s phone. Thus, Householder E’s phone was

predominantly used to receive calls and messages.

5.3.1. “Paging”

This section discusses the use of “paging” of mobile phones. Paging is a technique of
mobile phone use, where a number is dialed but the phone is left to ring only once. In Zambia,
most mobile phones are prepaid, meaning that it is not possible to make a call unless sufficient
funds have been paid in advance. However, paging requires little phone credit, so can be used to
alert another person that contact is desired. Paging thus allows a person with insufficient funds to
encourage another phone user to call them.

Figure 5-3 shows the frequency of Householder E’s phone calls involving conversations,
in comparison with the number of calls used for paging. The monthly ratio of paging relative to
calls ranged from 14.3-28.1% across months. A total of 281 calls involving conversations and 74

paging requests were made. Thus, the ratio of paging was 20.8% over the entire study period.
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5.3.2. Borrowing mobile phones

This section discusses the practice of borrowing mobile phones. Figure 5-4 shows the
number phone conversations held by Householder E, Household E members and people who were
not members of Household E, using Householder E’s phone. Monthly ratios varied widely. Of 281
phone conversations, 146 were held by Householder E, 21 by other members of Household E, and
114 by people who were not members of Household E. The ratio of use by people who were not
Household E members relative to all phone users was 40.5%. Thus, in cases where household
members have no mobile phone, they are commonly able to access mobile phones of other
households.

5.3.3. Requests for gifts via mobile phones

This section discusses the practice of requesting gifts using mobile phones. Figure 5-5
shows the frequency of phone conversations that were made to request a gift. Requested gifts
commonly consisted of cash, food and other items. These requests were divided into cases where
the user of Householder E’s phone made the request, and cases where a gift was requested from
them. The total frequency of phone conversations involving a request was 20 of 281. Requests for

cash were the most common, occurring 14 times (70% of requests).
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Figure 5-6 shows a breakdown of for the requests made and received by users of
Householder E’s mobile phone. Requests for gifts occurred eight times in conversations involving
Householder E, four times in conversations of other Household E members and eight times in
conversations of people who were not members of Household E. Thus, 40% of requests involved
phone users that were not Household E members, and seven of these were requests for cash.

Figure 5-7 shows the spatial distribution of people who made requests via Householder
E’s mobile phone. The left section of the figure shows a neighborhood map around Household E,
while the right section shows a large-scale map. These maps indicate that most requests were made
over long distances.

Finally, the details of distant requests were analyzed. In all cases where something was
requested of the person using Householder E’s phone, an item was requested from parents living
within the study area by children who were boarding elsewhere. In cases where requests were
made by the person using Householder E’s phone, an item was requested of an urban relative by a
person living in the study site. These requests usually involved close relatives such as brothers,

sisters, parents and children.
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Figure 5-7. Spatial distribution of people requesting and being requested gifts via Householder E’s mobile phone

5.4. Key Findings
The current study revealed several key findings regarding support and requests for gifts

via mobile phones among Tonga people:

1) People with insufficient mobile phone funds can encourage others to call them using the paging
technique.

2) In cases where household members have no mobile phone, they can often access the mobile
phone of another household.

3) Cash and food are often requested via mobile phones.

4) Most requests occur over a long distance.

5) Many requests are made between children boarding elsewhere and their parents in the village,

and between villagers and urban relatives.

Reference
Blycroft Limited. 2008. African Mobile Factbook 2008. Blycroft Publishing. Craven Arms.



6. Social Institutions and Resilience for Food Shortage Risk:

Food Relief Activities in Southern Province, Zambia
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Abstract

To mitigate the impact of natural disasters, the Zambian government and
non-governmental organizations instituted several types of food relief program. This paper
examines these activities in terms of resilience for rural farmers, particularly focusing on a case in
the Sinazongwe district between 2005 and 2008. The case study reveals that the relief food was
extensively distributed by the government and NGOs to the population, seeking to avert a food
shortage. However, at the same time, it was clear that the timing and targeting of the food aid was
far from well-managed. To enhance the resilience of rural farmers, it is necessary for aid providers
to respond in timely fashion to food crises, and to help farmers recover from the most vulnerable
situations. The case in Sinazongwe, however, suggests that food relief programs seeking to cope
with food shortage risks are severely limited, and must be reconsidered as social institutions to

promote resilience.

6.1. Introduction

We conducted field research examining food relief programs in the Sinazongwe district to
analyze social-ecological resilience in rural Zambia. Several types of relief programs have been
implemented by the Zambian government, UN agencies and NGOs, including emergency food aid
and disaster management projects. By examining these programs, we sought to determine how
such policies contributed to the social-ecological resilience of rural communities, and how national
and international organizations have been involved in this process. Thus, the main purpose of our
research was to reveal the role of food security institutions in providing local farmers with
resilience to overcome vulnerability in drought-prone areas.

To achieve this goal, it is necessary to analyze African rural communities in a multi-level
context. In recent years, African agrarian communities have built an interactive network with
external agencies such as the market, government policy, and NGOs, for securing resources.
However, the ways in which development policies and social institutions impact on rural
livelihoods remain unclear. To answer these questions, the resilience and vulnerability of African
rural communities must be reconceived in terms of a wider perspective, considering government
policies and the activities of NGOs, as well as households’ efforts within their communities.

In this paper, we focus on a case study of food aid in the Sinazongwe district from
2005-08. By analyzing documents collected in the Sinazongwe district and the offices of NGOs, in
combination with interviews with government officials, NGO staff and local farmers, we sought to
reveal how relief food was delivered to villagers after the 2004/05 drought and the 2006 flash flood,



and to determine the consequences of the implementation of food aid programs for rural

communities.

6.2. The Government's risk assessment and food relief 2005-08

As mentioned in my annual report for FY2007, the Sinazongwe District Disaster
Management Committee (SDDMC) made an appeal in December 2005, stating that an average
75% crop failure was experienced in most parts of the district, and that the southern end of the
District was the worst affected due to the low rainfall (recorded below 190 mm; SDDMC, 2005).
The government's Disaster Management and Mitigation Unit (DMMU) and the Vulnerability
Assessment Committee (VAC) attempted to determine the population affected by the drought (for
details of the DMMC and VAC, please refer to my FY2008 annual report). The VAC began an
assessment in the rural areas of the southern half of Zambia from April 2005, and published a report in
June 2005 (ZVAC 2005).

The VAC report concluded that a total population of 1,232,661 people in the rural areas of
Zambia (excluding commercial farmers) were likely to face food insecurity, and would require 118,335
metric tons of cereal for a period of 8§ months (July 2005 — February 2006) in 27 districts covering
Lusaka, Central, Southern, Western and Eastern Provinces. They estimated that the cereal needs in
Sinazongwe district and the number of persons at risk in the 2005/06 marketing season was respectively
667 metric tons of cereal, and 6,944 persons over the subsequent 8 months.

In contrast, the 2005/06 production season was generally good, though characterized by
excessive rain in some parts of the country which resulted in the flooding of some low lying areas
(ZVAC 2006a). In the Sinazongwe district, excessive rains caused flash floods to wash away some
crops along riverbanks, and breached earth dams. The district office submitted damage reports to the
government twice; the first on a breached earth dam in March, and the second on the district's flood
damage in April. A rapid assessment was conducted by VAC in June 2006. However, Sinazongwe
district was not included as a target of the survey, and no risk or needs were reported (ZVAC 2006a).
Thereafter, the VAC report published in December 2006 finally estimated the food shortage risks and
needs in the Sinazongwe district: it was predicted that 41,125 persons would be at risk, and 987 metric
tons cereal would be required for the next two months.

Table 6-1 shows the number of people at risk and needing cereal in the Sinazongwe district, as
estimated by the VAC in 2005-08. In June 2006, March 2007, August 2008 and February 2008, neither
food shortage risk nor cereal requirement was reported in the Sinazongwe district. In the 2006/07
production season, production in the Southern Province increased marginally over the previous season
despite experiencing prolonged dry spells during part of the growing season, while production
substantially increased in valley areas including Sinazongwe (ZVAC 2007b). Although the 2007 _08
rainy season started well with the southern half of the country experiencing an early onset, rainfall
increased substantially from November 2007 to January 2008, resulting in widespread heavy rain that
caused floods (ZVAC 2008). The VAC report of June 2008 estimated that 21,898 people were at risk,
and that 1,642 metric tons of cereal would be needed for the next 6 months in Sinazongwe district

(ZVAC 2008). The report noted that the maize price in Sinazongwe was abnormally high (up to



K1,900/Kg; more than twice that of April 2007) indicating a possible food shortage risk.

Table 6-1. Risk and needs assessment of Sinazongwe district from VAC reports 2005-08

Month/ Year Number of persons at risk Cereal requirement (metric tons)
June 2005 6,944 667 (for 8 months)

June 2006 - -

December 2006 41,125 987 (for 2 months)

March 2007 - -

August 2007 - -

February 2008 - -

June 2008 21,898 1,642 (for 6 months)

Source: VAC reports 2005-08 (ZVAC 2005, 2006a, 2006b, 2007a, 2007b, 2008)

Table 6-2. Actual food distribution by the government in Sinazongwe district 2005-08

Month/ Year Number of beneficiaries Distributed cereal (metric tons)
June 2005 7,926 100

September 2005 12,500 150

November 2005 4,833 58

April 2006 2,483 29.8

May 2006 6,917 83

March 2007 41,083 493

October 2007 12,500 150

August 2008 7,980 100

December 2008 14,743 182

Source: Documents collected from Sinazongwe district office and KDF
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Figure 6-1. Estimated annual maize production in Sinazongwe district 2001-08 (mt)
Source: District Agriculture Coordination Office of Sinazongwe District

Table 6-2 shows the actual amount of the government relief food and the number of
beneficiaries in Sinazongwe district. The food relief delivered to Sinazongwe was distributed
among the population by a local NGO, the Kaluli Development Foundation (KDF). The data in
Table 6-2 were derived from several documents and records in Sinazongwe district office and the
KDF office.

Comparing the actual amount of food relief with the needs assessment of VAC reveals
considerable gaps between them. First, the amount of distributed cereal was much less than the
cereal needs estimated by the VAC. In 2005 and 2008, for example, the actual food relief was less
than half and less than one fifth, respectively, of the predicted food requirement. In contrast, even
though there was no reported need for cereal in 2007, especially after the harvest season (from
March to April), a substantial amount of food was distributed twice in March and October.

Figure 6-1 shows the annual production of maize in Sinazongwe district estimated by the
District Agriculture Coordination Office (DACO). According to this estimation, the 2007 harvest
was much better than that of the other years. Even under these good agricultural conditions, the
total amount of food relief in 2007 was substantially greater than that in 2005, a severe drought
year. The main reason for this mismatch was that the delivery of relief was delayed to the extent

that it was not completed before the harvest in 2007.

6.3. NGO food relief 2005-06

After the severe drought in 2005, several NGOs, including the Red Cross Society (RCS),
Catholic Church (CC) of Maamba Parish, Christian Council of Zambia (CCZ), Deutsche
Gesellschaft fiir Technische Zusammenarbeit (GTZ), and World Vision (WV) started their own
food relief programs in Sinazongwe district. All NGOs terminated their programs by July 2006.

In June 2005, GTZ initially responded to requests made by the Ministry of Agriculture

and Cooperatives to assist food insecure households in Sinazongwe district (GTZ 2006). However,



it was in September 2005 that the emergency appeal came into effect at the GTZ headquarters. The
number of beneficiaries was targeted as 3,000 households, although the food request was
dependent on the availability of financial resources of GTZ. In November, GTZ started their relief
food distribution for 3,011 households with 150 mt maize gain, 75 mt maize-cassava meal mix, 7.5
mt sorghum seed, 15 mt maize seed, and 7.5 mt cowpea seed.

The response of other NGOs was also delayed. On 18 October 2005 RCS launched an
appeal for emergency food in Southern African countries (RCS 2006). The food security operation
of RCS sought to assist up to 1.5 million vulnerable beneficiaries in seven countries (Lesotho,
Malawi, Mozambique, Namibia, Zambia and Zimbabwe) with provision of food assistance. Even
by the end of March 2006, however, the registration of targeted beneficiaries in Sinazongwe was
still not completed. Furthermore, due to the delay of permits to allow food entry into the country, it
was not until April 2006 that RCS finally started relief food distribution to a total of 2,199
households (16,000 beneficiaries), 317.615 mt maize meal, 51.139 mt beans, 16,000 liters of
cooking oil, 88.132 mt high energy protein supplements (HEPS).

Table 6-3. Relief food distributed by NGOs in Sinazongwe district 2005-06 (mt)

Month/ Year CcC GTZ CCz \VAY% RCS Total
August 2005

September 2005 : 225.83 22683
November 2005

December 2005 14.63 14.63
January 2006 14.63 150.55 165.18
February 2006 14.63 20 34.63
March 2006 20 20
April 2006 20 79 144.82 243.82
May 2006 78.72 172 250.72
June 2006 23.45 23.45
July 2006 138.73 138.73
Total 44.89 376.38 60 319.9 316.82 1117.99

Source: Documents collected in Sinazongwe district office (only on cereal grain and meal)

Table 6-3 shows the timing of NGO relief operations and the amount of food distributed
by each NGO. More than half of the food aid was implemented after the 2005/06 harvest. This
means that the relief food did not reach the affected population during the most severe period of
the 2004/05 drought. Consequently, in spite of a rapidly changing situation surrounding rural
households and agricultural activities, the relief of the government and NGOs continued with the

same scale of food aid even after the recovery from drought or flood.



6.4. Conclusion: Social institutions and resilience for food shortage risk

Examining the relief activities of the government and non-governmental organizations
after the 2004/05 drought revealed that actual relief activities were frequently delayed, and not
operated in a timely manner, even when the effect of a natural disaster was recognized through risk
assessments and/or emergency appeals. On the one hand, in terms of an initial response to the food
shortage risk, government relief operated quickly to some extent. In contrast, it took large
international NGOs such as WV and RCS much longer to start their operation at the local level. On
the other hand, the government relief activities were so sporadic and poorly coordinated that there
were large gaps between the initial risk assessment and actual food aid.

As Ishimoto argues in chapter two, the resilience of rural households can be defined in
terms of the time taken to recover from an unexpected shock. This means that social institutions
such as food aid agencies should mitigate the food shortage risk at an initial phase and enhance the
resilience of rural households to recover from shocks as soon as possible. It is true that various
relief programs can partially contribute to the avoidance of the disastrous consequences caused by
natural hazards. The case study of Sinazongwe, however, revealed severe operational problems and
inefficiency in those relief activities with a great time gap (Figure 6-2). Most importantly, to
support households in recovering from a shock, it is necessary to match the coping strategies of
rural farmers.

The relief program against food shortage risk in Africa is heavily dependent on food aid.
As discussed above, it takes a substantial amount of time for aid organizations to provide the
enormous amounts of food required by local populations, and difficulties are involved in procuring
the necessary amount of food at a given time. As Miyazaki and Ishimoto point out in their chapters,
individual farmers adopt various kinds of coping strategies, such as shifting crop varieties, selling
livestock, temporarily working as waged laborers, and utilizing social-networks. Food shortage
risk cannot always be avoided by relief food provision and agricultural development policies. In
terms of the resilience of rural farmers, it can be argued that relief activities that are heavily
dependent on food aid should be reconsidered. The most important goal in providing an effective
relief is to support farmers' own voluntary efforts by providing opportunities that can be utilized at

the time of a food shortage.
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7. Conclusion of Understanding Agricultural Vulnerability, Human Behavior and
Relief

Mitsunori Yoshimura
Pasco Corporation

In this year, we conducted the field investigation data integration focus on
thinking the rural farmer’s resilience by considering an agricultural vulnerability, human
behavior and relief in Southern province. Followings are the results of considerations.

As our discussion result for the concept of resilience in human activities, it consists
of three components; capacity, external factor and asset. Exposure is a substitute for external factor
in vulnerability studies. Risk of household is composed of potential risk and manifested risk.
Emergent risk may lead to change the property of potential risk. Moreover, potential risk may be
replaced by vulnerability. There are various potential risks related to each component of resilience;
low capacity, bad external factor and deficient asset. When emergent risk occurs, the risk is more
extensive than expected, potential risk manifests. Emergent risks are divided into ecological shock
and social shock. Ecological shocks include light rain, heavy rain, epidemic, insect damage, bird
damage, animal damage and so on. Social shocks include politic, economic, cultural and legal
change etc. In this paper’s the climate change effect was the extreme heavy rain.

From the rainfall between 2007_08 and 2009 2010 and the daily rainfall and daily
accumulation rainfall in Site A and Site C, total amount rainfall at Site A of 2007_08, 2008 _09 and
2009 2010 were 1438mm, Site B was 1093mm and Site C was 1262mm respectively. In Site C,
those were 1320mm, 1293mm and 1058mm respectively. As is mentioned in previous report, a lot
of fields in all sites were damaged from heavy rain in 2007_08. Additionally, in 2009_2010 many
fields were also damaged by heavy rainfall. In each sites, total amount of rainfall were highest
in2007_08. But total amount of rainfall in 2008_09 was higher than 2009 _2010 in Site C. This
means that fields damage by heavy rainfall coursed by not total amount of rainfall but rather
rainfall pattern with much rainfall, such as end of December in 2007_08 and end of February in
2009_10.

From the total crop field area in five villages during two rainy seasons of 2007_08 and
2008_2009, it seems that total crop area in rainy 2008_09 decreases comparing with the one in
rainy 2007_08. More than 67% of rainy crop fields in 2008/09 are overlapped with the crop fields
of rainy 2007_08. From the topographical conditions point of view, the land preparation composed
of clearing and burning at rainy crop field is performed from September to the beginning of
November. Also, we have many pictures taken in various seasons at three study sites. From
comparison with such field data and geo-corrected ALOS/AVNIR-2 images, the characteristics of
land use / land cover in the each season might be understandable. In FY2011, firstly, the
classification of land cover/use in rainy and dry seasons around three study sites will be carried out
using ALOS/AVNIR-2 images, crop calendar and fields’ pictures as ground truth data. Secondly,



the spatial analysis for the land cover/use and topographical features will be done. Then we will
discuss the potential risks and for the ecological shocks in the villages or sites level.

From the results of on-farm activities investigation in each site from 2007_08 to 2008_09,
maize was most dominant crop which is staple food. In Site A, cotton was second in both years. In
2007_08, cotton was second, but in 2008_2009 it’s ratio was decreased due to a lot of labor force
and selling off in site B. Sweet potato is second dominant crop in site C. In this site, sweet potato is
more important cash crop than cotton. These differences of on-farm activities among three sites
depend on meteorological condition, soil condition and access to market and main road.

From the results of coping behaviors investigation in on-farm activities during post shock
period, about 20% of maize fields were damaged by heavy rainfall in 2007_08. As coping behavior
with heavy rain damages through on- farm activities, from 30% to 80% of damaged fields were
abandoned. In other fields, many farmers switched or replanted crops. In Site A, they sowed maize
seeds again. In site B, they switched to planting ground nuts and maize during the dry season. In
site C, they switched to sweet potato. Thus coping behaviors with heavy rain damages were
different in each site.

From the coping behaviors investigation in off-farm activities by site-level, the numbers
are numbers of households which started new non-agricultural activities because they could not
sell maize due to a shortage of maize productions in 2008. 65% of households sold animals as a
coping behavior. In Site A, elderly households asked money from relatives. In site B, plank selling
households increased.

Key findings on supports and requests for gift through mobile phone by Tonga people are
following:

1) Person, who has not enough talk fee of mobile phone, can encourage calling by the action
“Paging”.

2) In case of household member having no mobile phone, he or she can access mobile phone
of other household.

3) Cash and food are requested through mobile phone.

4) Most of requests are long distant.

5) Many cases of requests are between parent and boarding child, villager and urban relative.

The relief program against food shortage risk in Africa has ever been heavily depended on
food aid. As | argued above, it takes time for aid organizations to provide an enormous amount of
food to local population, and at the same time it is also difficult to procure a needed amount of
food at a needed period. As Miyazaki and Ishimoto points out in their chapters, individual farmers
adopt a various kinds of coping strategies such as shifting crop varieties, selling livestock,
temporal working as a waged labor and utilizing social-networks. Food shortage risk cannot always
be avoided by relief food provision as well as agricultural development policies. In terms of
resilience of rural farmers, it can be argued that relief activities depended heavily on food aid must
be reconsidered. The important thing is to support farmers' voluntary efforts with provision of
opportunities they can utilize at a time of food shortage.



Zambia’s Poverty and Food Security: Measurements, Trends and Decompositions

Thamana Lekprichakul
Research Institute for Humanity and Nature

Abstract

This paper examines poverty measurement methodology and poverty situations in Zambia with a
special focus on level and trends in Southern and Eastern provinces where our study sites are located. Poverty in
Zambia is measured using absolute poverty approach by which households are classified as poor if their
monthly consumption expenditures fall below a pre-determined cost of minimum food basket for a family of
six. This consumption based poverty measurement provides a direct linkage to household food security. The
implementation of structural adjustment program in 1990 coupled with a major drought in 1991/92 agricultural
season have created a sharp increase in poverty in both rural and urban areas in 1993. The largest increase of
poverty was in urban areas especially in Lusaka and Copperbelt. Overall poverty situation in Zambia showed
sign of improvements especially during the new growth period after the year 1998. Economic growth during
this new growth period appears to disproportionately benefit urban population with Lusaka enjoying significant
reduction of poverty headcounts. In contrast, poverty in Southern and Eastern provinces are on a rising trend
with increasing severity. The turning point was in the year 2002. The shifting poverty trends in those two
provinces may be associated with a series of droughts affecting farm production during early 2000s’ agricultural
Seasons.

1. Introduction

Once a middle-income country, Zambia is now one of the Sub-Saharan Africa’s poorest. Every two in
three persons lived off a daily income of less than PPP$1.25 a day. A transition into a low income country status
started when price of copper, a Zambia’s dominant mining industry and source of foreign currency earnings,
fell sharply in 1970s. Zambia government responded by heavily relying on foreign borrowings to finance
imports and ambitious social programs with a hope that copper market would recover. The long anticipated
recovery of the copper market failed to come and foreign debts piled up. Unable to service the debts, IMF and
the World Bank provided assistance conditioning on successful implementations of market liberalizations and
structural adjustment programs. The market liberalizations and structural adjustment programs implemented in
1991 were Zambian’s painful experiences. People saw their welfare as measured by real income per capita fell
further. The falls of the real GDP per capita were finally over in 1998. Since then the country has entered a new
era of steady growth of real income per capita (see Figure 1).

The purposes of this paper are two folds. Poverty and food insecurity are intimately linked. First, this
paper provides a macro view of the dynamics of household poverty in post market liberalization and structural
adjustment program period, which happened to coincide with a period of frequent droughts and dry spells
threatening living standards of the rural poor. The second objective is to provide linkage across scales by
extracting poverty statistics and household dynamics at a level closest to the Resilience Project’s study sites in



Petauke and Sinzongwe districts. That level of analysis is not routinely published in any governments’ and
international organizations’ reports.
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Figure 1: Real GDP and GDP per Capita, Zambia, 1960-2009
Source: IMF’s World Economic Outlook Database, October 2010

2. Poverty Measurements and Food Security

Poverty is broadly defined as a deprivation of acceptable welfare. Recognizing that human welfare is
multidimensional, economists choose to focus on income or consumption since they are important determinants
of human welfare. The United Nations’ Development Program argues for the use of multidimensional poverty
index (MPI) to reflect multidimensionality of the poverty. The MPI simultaneously takes into account of health,
education and living conditions. A drawback of the MPI is its insensitivity to short-run variations to external
shocks. The MPI is ideal in measuring poverty in long- or mid-term situations. On the other hand, income or
consumption based welfare measure is a more sensitive short-term and medium term poverty indicator.

In Zambia as in most developing countries, income data are not reliable. Consumptions can be
measured more accurately. The Zambia governments routinely survey household income, consumptions and
other living condition indicators to monitor their living standards through the Central Statistical Office (CSO).
The CSO conducted what is called Indicator Monitoring Survey (IMS) roughly every two years starting from
1991. Up to now, a total of eight IMS has been conducted, i.e. Priority Survey (PS) 1991 and 1993 and Living
Standard Monitoring Survey of 1996, 1998, 2002-2003, 2004, 2006 and 2008. In this report, data analyses
cover the 1991-2006 periods because the official release of the LSMS 2008 is not yet available.

2.1 Absolute Poverty and Minimum Food Basket

CSO has been using a consumption based methodology to measure poverty under an absolute poverty
concept. A household’s consumption is defined as a sum of household expenditures and the value of home
production. The absolute poverty is defined as an inadequacy of food consumption to meet human’s minimum



caloric requirements. CSO adopted the WHO’s recommendation of 2,094 calories/adult/day as a minimum
caloric requirement. The food basket that meets the caloric requirement for a family of six living in poverty is
then established and converted into monetary units. A household is judged food poor or severely poor if its
consumption values in adult equivalent unit fall below the food poverty line.

Table 1; Adult Equivalent Scales, Zambia

Age Adult equivalent scale
Child 0-1 year 0.00
Child 1-3 year 0.36
Child 4-6 year 0.62
Child 7-9 year 0.78
Child 10-12 year 0.95
1 Adult female (age 13 and above) 1.00
1 Adult male (age 13 and above) 1.00

Source: CSO, LSMS Report

In actuality, lives require not only food but also some non-food items such as cooking fuel, lighting etc.
to sustain a healthy life. To reflect these basic non-food needs, the minimum food basket poverty line is adjusted
by adding an additional amount of non-food items to the poverty line. The amount added is determined by
examining the consumption patterns of households living near poverty. It is determined that non-food
consumptions of the near poverty households accounted for approximately 30 % of total consumption
expenditures. That number is then used to adjust the food poverty line upward to produce what may be called
basic poverty line to distinguish it from the food or core poverty line. Households living below food poverty
line are considered severely poor and those that are living between the food poverty line and the basic poverty
line are considered moderately poor.

Table 1 shows adult equivalent scales used in converting household members with different gender
and age groups into one single adult equivalent unit.



Table 2: Zambia's Minimum Food Basket

CSO JCTR
Food/Non-Food Item 1991 2002 19901 2002
Basic/Minimum Food Basket
Roller/Mealie meal 80 Kg 90 Kg 75 Kg 75 Kg
Bread - - 30 Loafs 30 Loafs
Nuts/Beans 2 Kg 2 Kg
Groundnuts 1 Kg 3Kg NS NS
Mixed nuts 1 Kg - NS NS
Dried beans 1 Kg 2 Kg NS NS
Vegetable 30 day supply
Green vegetables/Rape 1Kg 7.5 Kg NS 7.5Kg
Onions 1 Kg 4 Kg NS 4 Kg
Tomatoes 1Kg 4Kg NS 4 Kg
Meat product
Dried kapenta 1 Kg 2 Kg - 2 Kg
Dry fish - 1Kg - 1 Kg
Meat - - 8 Kg 4 Kg
Egg - - 40 Eggs 20 Eggos
Fresh milk 500 ml 2L - 2L
Micellaneous
Sugar 2 Kg - 8 Kg 8 Kg
Salt 1 Kg 1Kg 1Kg 1Kg
Cooking oil 5L 25L 5L 4L
Tea - - 5009 5009
Basic Non-Food Basket
Charcoal - - 180 Kg 180 Kg
Soap - - 6 Tablets 10 Tablets
Detergent - - 2 Kg. 1.6 Kg
Vaseline - - 200 g 500 g
Electricity - - - 3 bedroom
Water & sanitation - - - 3 bedroom
Housing - - - 3 bedroom
Average basic food costs 5,766 387,180 6,375 324,650
Average basic non-food costs 2,514 165,930 - 504,600
Average basic foood and non-food 8,280 553,110 6,375 829,250

Source: - CSO, Priority Survey Report 1991 and Living Standard Monitoring Survey (2002).
- JCTR (2007)

Note: NS = not specified; - = not included.

Table 2 compares minimum food basket used by CSO and those of the Jesuie Centre for Theological
Reflection (JCTR), a strong advocate for poverty reduction and social justice in Zambia. The two baskets differ
in many ways. Firstly, the CSO’s basket is based on consumption patterns of and price faced by the rural and
urban poor while the JCTR’s based entirely on urban markets. Secondly, specific non-food items are identified



in the JCTR’s but not in the CSO’s baskets. Thirdly, despite including non-food items in what JCTR called the
Basic Need Basket, the poverty line in 1991 is only slightly higher than the CSO’s food basket (5,766 vs. 6375).
Differences in prices might be a factor. Over times, gaps between the two baskets are growing.

Poverty line used by CSO to estimate poverty statistics is shown in table 3. It is interesting to note
that costs of minimum food basket in Zambia have grown from ZMK 60 in 1981 to ZMK 961 in 1991 and
ZMK 65,710 in 2006 respectively. Assuming that food baskets are comparable across time, such increased
costs of the minimum food basket indicates an average inflation rates of 43%/year.

Table 3: Zambia Poverty Line, 1981-2006

Year Food Poverty Line Basic Poverty Line

1981 60 106
1991 961 1,380
1993 5,910 8,480
1996 20,181 28,979
1998 32,861 47,187
2002 64,530 92,185
2004 78,223 111,747
2006 65,710 93,872

Source: Various issues of CSO’s PS and LSMS reports

3. Poverty Profile and Trend
3.1 Poverty Profile

Poverty measures calculated are of the FGT poverty index class (Foster, Greer, & Thorbecke, 1984).
The FGT poverty index is comprised of three related indices, i.e. poverty headcount index (PO), poverty gap
index (P1) and poverty gap squared index (P2). The headcount index measures prevalence of poverty in
percentage of population. The poverty gap index measures severity of poverty using distance of household
consumptions from the poverty threshold or poverty line. The square of the poverty gap index measures
inequality of poverty. A full report of all three poverty indices from 1991 to 2006 is in Table 4. The poverty line
used in these calculations is the basic poverty line which includes food and non-food items. Poverty estimations
using the food poverty line are available upon request.

Poverty in Zambia remains persistently high at the lowest of 64 percent in 2006 to the highest of 74
percent in 1993 which is a year after a major continental wise drought in 1991/1992 agricultural season
compounded with post policy shocks from the market liberalization and structural adjustment program
mandated by the IMF and World Bank. The poverty prevalence is gradually trending down over times.

Poverty are higher in rural than in urban areas especially among the small scale and medium scale
farmers. In urban area, poverty is more prevalent among the populations living in a low-cost urban. Provinces
that are predominantly urban such as Lusaka and Copperbelt have the lowest poverty headcounts. Eastern,
Luapula and Northern are three provinces with highest prevalence of poverty. Levels of poverty in the
remaining provinces are only marginally lower.

Poverty gap is about 30%-40% below the poverty line. Given that 30% of the basic poverty line is of
non-food, the observed poverty gap implies that, on average, poor households are slightly below the food



poverty line. Some even argued that the 2,094 calories per adult equivalent per day is a generous amount and
suggested that the lower figure of 1,774 calories better reflect real minimum nutritional requirements (World
Bank, 2005).

If one is to arbitrarily defined level of inequality based on the poverty gap squared index of 0.00-0.25
as low, 0.26-0.50 as moderate and 0.50 or greater as high, the poverty inequality in Zambia may be
characterized by moderate to low levels of poverty inequality varying in range from 13.9-32.5.
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3.2 Poverty Trend

Figure 3 and 4 display poverty trends. National poverty in Zambia is on a gradual declining trend. The
trend is driven by variations of the food poor. Poverty headcounts in Southern and Eastern Provinces are
generally higher than the national average and follow similar national trend up to the year 2002. There appears
to be a rebound of poverty in the two provinces with increasing severity as measured by the poverty gap shown
in table 4.

Cautions should be exercised when interpreting the observed results of 2002. The LSMS 2002/2003
was conducted with an important change in methodology. The LSMS 2002/2003 was a panel survey with the
same households being interviewed about 10 times in a year. A journal method was used to collect
consumption data while a standard method of 2-weeks to one-month recalls was utilized in all other surveys
which were a onetime interview survey. Such methodological changes may have influenced survey results and
make cross survey comparison difficult.

3.3 Urbanization vs. Ruralization

Population share between the two periods of 1998 and 2006 reveals an unusual pattern of de-
urbanization. The urban share fell from 37.6 to 35 percent and the rural population share increased from 62.4 to
65 percent (see Table 4). A similar ruralization trend is marginally observed in Eastern Province as shown in
Table 5. The unexpected change corresponded with an increased share of small scale agriculturalists stratum
and a decrease in the share of medium-cost and high-cost economic stratum of the urban.

On the other hand, Southern Province became rapidly urbanized between the two periods under
examination. Rural population fell from 81 to 76 percent and the urban population rose from 18 to nearly 22
percent (Table 5). A possible shift in economic stratum from the no-farm rural to the low-cost urban is observed
while other economic strata remained relatively constant. The much faster urbanization in Southern Province is
not beyond expectation considering the fact that Southern Province is better endowed with road and rail road
infrastructure.

Urbanization progressed at an astonishing speed in Sinazongwe district (see Table 6). Once 96 percent
rural, Sinazongwe’s rural population share now stands at 78 percent with a corresponding increase of urban
population from 4 percent to 22 percent. The rapid urbanization was associated with movements of the rural
non-farm stratum to the low-cost urban. At the same time, small scale farm stratum slightly increased.

Petauke became more urbanized at a much slower speed than did Sinzongwe. Rural population
dropped from 96 percent to 90 percent (see Table 6). However, patterns of economic stratum movements
clearly differed. The urbanization in Petauke is primarily associated with a movement out of the small scale
farming stratum toward the low-cost urban and, to a smaller extent, rural non-farm.

One should be cautious in interpreting all district-level statistics. The resulting estimates are generally
imprecise because they are based on small sample size.



Table 4: Poverty Profile, Zambia 1991-2006

Pop. Share Pop. Share Poverty Headcount (P0) Poverty Gap (P1) Poverty Inequality (P2)

1998 2006 1991 1993 1996 1998 2002 2004 2006| 1991 1993 1996 1998 2002 2004 2006 1991 1993 1996 1998 2002 2004 2006
National 69.7 738 692 728 665 669 643 433 430 3HB5 N9 271 B2 B8 R5 209 23 266 139 28 27
Rural 62.4 650 880 921 88 830 743 754 805 613 602 461 498 313 434 450 480 439 302 A7 165 295 297
Small scale 549 56 899 924 844 840 755 763 8L6| 637 606 474 504 R0 443 458 899 43 33 HB1 168 303 303
Medium scale 24 23 185 908 651 7L7 639 720 696 487 566 34 B3 28 3H0 345 785 399 186 262 15 24 22
Large scale 0.1 01 616 00 349 17 3328 3B/0O B3 3d6 00 94 101 51 1B5 113 616 00 37 77 09 125 52
Non-farm 50 30 704 00 720 793 547 665 679 415 00 368 485 225 3BL1 378 04 00 29 3H1 120 282 252
Urban 376 30 486 449 460 558 522 536 342 226 19 174 285 192 26 130 45 78 89 132 93 125 68
Low-cost 2.6 281 55 501 511 609 6L6 590 389 260 185 199 265 231 264 149 55 93 103 150 112 143 78
Medium-cost 5.2 42 46 409 R4 494 303 473 191 197 130 104 185 86 185 71 426 59 47 96 35 96 37
High-cost 4.8 27 361 B0 28 B5 75 209 77 1B 123 713 123 23 17 26 1 61 33 64 10 63 13
Province
Central 100 104 70 810 738 768 691 740 7L7 391 510 369 443 295 422 368 266 369 24 307 15 280 25
Copperbelt 17.9 152 6L1 492 556 647 588 572 419 319 188 213 314 231 246 175 27 100 110 191 116 138 938
Eastern 127 137 847 908 80 802 707 674 790 586 592 481 465 282 386 44l 464 434 N9 37T U1l 266 290
Luapula 6.9 79 80 884 788 809 704 767 728 533 537 424 475 200 410 300 309 30 271 N5 152 261 246
Lusaka 150 140 306 388 379 518 563 473 200 122 169 147 23 216 185 105 67 1102 78 1229 109 99 53
Northern 121 127 840 861 89 8.1 805 725 785 559 47.7 462 459 317 403 432 420 307 297 309 201 269 282
N. Western 54 60 747 880 803 758 719 768 721 480 558 433 415 300 407 379 362 4L1 278 268 155 264 246
Southern 127 124 791 863 759 752 629 684 734 541 556 395 421 236 3H5 303 M2 409 249 285 114 26 255
Western .4 75 843 911 843 891 654 84 836 593 612 510 574 240 520 534 470 458 3H3 23 17 38 300

Source: Own estimations.



Table 5: Poverty Profile of Eastern and Southern Province, Zambia 1991-2006

Pop. Share Pop. Share Poverty Headcount (P0) Poverty Gap (P1) Poverty Inequality (P2)

1998 2006 | 1991 1993 1996 1998 2002 2004 2006 1991 1993 1996 1998 2002 2004 2006 1991 1993 1996 1998 2002 2004 2006
Eastern
Rural 90.8 91.8| 909 933 841 8L7 736 706 825 646 624 503 482 296 423 468 520 463 347 332 149 299 310
Small scale 85.9 872 913 936 857 81 745 705 81 651 631 515 489 300 425 4720 526 470 H6 338 Bl N1 313
Medium scale 21 24/ 856 89 636 754 719 705 731 564 523 31 3BL1 261 39 398 42 3B5 195 179 129 245 59
Large scale 0.1 01 878 $B7 37 00 93 917 536 08 183 00 675 364 37 00 1207 00 510 174
Non-farm 22 22| 759 - M5 741 372 699 69.7| 550 - 265 232 139 338 02 M7 - 176 295 75 265 260
Urban 9.2 82| 57.1 667 644 661 399 575 393] 316 284 299 292 129 273 137 213 156 175 167 57 164 6.7
Low-cost 6.0 75 730 795 675 693 415 692 414] 416 340 N3 A2 B35 Bl 146 276 185 192 05 60 27 712
Medium-cost 26 01 972 55 639 624 547 488 152 643 229 276 203 163 207 44 473 128 143 99 74 17 14
High-cost 0.5 05 216 176 305 477 114 303 148 59 82 116 163 31 106 33 30 47 54 76 10 53 1l
Southern
Rural 81.6 783 8.9 937 801 805 682 746 8L9| 614 654 428 466 265 405 456 496 497 274 321 130 263 302
Small scale 65.8 679 87.6 %45 8L1 830 702 754 843 638 663 439 484 280 409 475 518 508 283 335 139 266 3L7
Medium scale 6.2 48 798 937 740 697 546 755 687 503 641 B3 3B6 152 418 M8 N6 43 B5 23 57T 25 25
Large scale 0.2 01 612 00 771 50 8.3 651 151 208 00 363 47 168 29 01 24 00 171 44 32 148 00
Non-farm 9.3 55| 736 00 765 726 513 548 644 536 00 381 421 155 304 R 25 00 28 297 67 203 194
Urban 184 217 57.7 619 529 527 434 481 429 309 233 211 227 132 193 165 227 119 111 129 57 103 85
Low-cost 8.2 162 595 617 571 723 529 551 499 308 232 232 336 153 21 195 23 125 1225 199 64 126 101
Medium-cost 5.7 43| 651 656 509 424 515 474 211 379 237 185 160 163 184 920 202 1.0 88 83 72 87 46
High-cost 4.6 12 247 475 263 05 140 174 53 85 23 83 114 58 37 200 41 124 34 61 28 17 11

Source: Own estimations.



Table 6: Poverty Profile of Petauke and Sinazongwe District, Zambia, 1991-2006

Pop. Share Pop. Share Poverty Headcount (PO) Poverty Gap (P1) Poverty Inequality (P2)
1998 2006 1991 1993 1996 1998 2002 2004 2006| 1991 1993 1996 1998 2002 2004 2006/ 1991 1993 1996 1998 2002 2004
Petauke

Rural 9843 9359 898 992 935 919 757 849 881 713 724 635 531 318 567 493 609 565 469 3H6 161 415
Sl scale %42 809% 87 N5 V8 U9 7HB1 &5 &7 713 731 638 54 R0 54 497 609 52 473 B8 162 422
Mediumscale 087 094 928 A0 85 B3 465 M08 A7 760 6l2 483 498 176 H3 126 O 438 D0 209 71 199
Large scale - 007 1000 - 00 - - 100 510 610 - 00 - - &8 BY I3 - 00 - - 37
Nor-farm 114 260 07 - &9 8.7 604 639 &3 83 - 562 B8 28 272 482 582 - B0 200 121 155
Urban 157 641 767 710 534 541 00 697 421 544 35 278 222 00 365 124 409 199 167 133 00 237
Lowcost 157 641 767 710 538 51 00 909 421 M4 R5 B7 22 00 N9 124 409 199 174 133 00 433
Medium-cost - - - - 480 - - 80 - - - 170 - - 820 - - - 85 - - 166
Sinazongwe
Rural 95.57 779 9.0 952 792 726 736 789 756| 848 699 387 441 296 418 302 787 544 28 318 164 262
Sl scale 5391 6466 B0 B3 85 846 63 N7 HY 87 68 09 583 B4 429 RB7 MB7 N1 B4 B4 198 271
Mediumscale 2% 23 1000 1000 614 w4 308 - 84 621 87 301 534 48 - 489 B6 B6 H7 423 07 -
Large scale - - - - - 609 - - - - - - 166 - - - - - - 51
Nor-farm 87 1093 A2 - 640 516 &7 - 712 913 - 25 212 25 - 403 &7 - 120 194 100 -
Urban 443 221 398 550 443 500 395 389 473 81 217 155 280 59 138 193 20 125 64 188 14 72
Lowcost 124 1985 46 &2 - 918 5 B9 Q7 74 43 - 65 59 138 204 18 301 - 41 14 72
Medium-cost 158 08 40 366 - &3 - - &6 87 719 - 163 - - 120 22 22 - 13 - -
High-cost 161 139 - - M43 N1 - - 158 - - 155 136 - - 178 - - 64 82 - -

Source: Own calculations.



Table 7: Growth Elasticity of Poverty Reduction, Zambia, 1991-2006

1991-1998 1998-2006
Absolute Change Growth Elasticity Growth Semi-Elasticity| Absolute Change Growth Elasticity Growth Semi-Elasticity
Poverty Headcount of Poverty Reduction  of Povety Reduction| Poverty Headcount of Poverty Reduction  of Povety Reduction
National 3.153 -0.241 -0.168 -8.550 -0.738 -0.537
Central 6.715 -0.511 -0.358 -5.063 -0.414 -0.318
Copperbelt 3.649 -0.318 -0.194 -22.848 -2.217 -1.435
Eastern -4.487 0.282 0.239 -1.263 -0.099 -0.079
Luapula -3.113 0.197 0.166 -8.068 -0.627 -0.507
Lusaka 21.168 -3.680 -1.127 -22.852 -2.771 -1.435
Northern -2.883 0.183 0.154 -2.656 -0.206 -0.167
N. Western 1.105 -0.079 -0.059 -3.621 -0.300 -0.227
Southern -3.881 0.261 0.207 -1.776 -0.148 -0.112
Western 4.876 -0.308 -0.260 -5.494 -0.387 -0.345
Petauke 3.059 -0.185 -0.163 -6.120 -0.421 -0.384
Sinazongwe -3.753 0.265 0.200 -2.326 -0.204 -0.146
Growth Real GDP/Cap. -18.77 15.92
Growth Real GDP/Cap./Yr -2.7 2.0

Source: Own calculations.



3.4 Poverty Change and Decomposition

An important question is whether or not economic growth lifts the poor out of poverty. Table 7 reports
growth elasticity of poverty reduction and semi-elasticity is also reported side-by-side. During the 1991-1998
periods, growth of real income per capita was negative at an average annual rate of -2.7 percent. In the next
period of 1998-2006, the real income per capita grew, on average, 2 percent/year.

The poverty-growth elasticities and semi-elasticities of Zambia are inelastic (less than unity) meaning
that a 10 percent economic growth is associated with poverty reduction of 1.6 and 5.3 percentage point during
the structural adjustment and new growth periods respectively. The fact that the elsaticities are smaller during the
structural change period indicates that the Zambian economy has significant degree of shock absorptions. If the
poverty-growth semi-elasticity during 1991-1998 is equal in magnitude to that in 1998-2006, absolute change in
poverty headcounts would have tripled from 3.1 to 10.1 percentage point.

Predominantly urbanized Provinces like Lusaka and Copperbelt have high poverty-growth elasticities
(greater than unity in absolute value) indicating that they are more affected during the structural adjustment
program and benefited more from economic growth during the new growth era.

During the period of structural adjustment, Eastern and Southern Provinces were the top two provinces
in reducing poverty. While poverty in Sinazongwe reduced, Petauke experienced an increase. During the growth
period, however, Petauke outperformed Sinazongwe by having her poverty headcount reduced by 6 percentage
points comparing to a meager reduction of 2 percentage point in Sinazongwe.

Change in poverty can be decomposed into growth and redistribution components (Datt & Ravallion,
1992). To avoid path dependent issue, Shapley approach to decomposition was used. Table 8 shows
decomposition results. Changes in poverty headcounts were largely attributable to changes in growth
components. No uniform patterns can be said about the redistribution components. Changes in the variance of
consumption expenditures played both offsetting and supplementing roles to the growth components.

Table 8: Decomposition of Poverty Change

1991-1998 1998-2006
Period Growth Redistribution Total Change Growth Redistribution Total Change
Componennt  Component in Poverty] Componennt  Component in Poverty

Headcount Index

National 3.2 -0.1 3.2 -11.3 2.7 -8.6
Central -1.6 8.3 6.7 -1.6 8.3 -5.1
Copperbelt 3.8 -0.1 3.6 -26.3 3.4 -22.8
Eastern -4.4 -0.1 -4.5 -2.3 1.0 -1.3
Luapula -2.3 -0.8 -3.1 -6.7 -1.4 -8.1
Lusaka 14.2 7.0 21.2 -23.4 0.5 -22.9
Northern -2.8 -0.1 -2.9 -4.3 1.7 -2.7
N. Western 7.1 -6.0 11 -0.9 -2.7 -3.6
Southern 0.6 -4.4 -3.9 -8.4 6.6 -1.8
Western 10.2 -5.3 4.9 -2.5 -3.0 -5.5
Petauke -1.0 4.1 3.1 -11.0 4.9 -6.1
Sinazongwe -0.8 -2.9 -3.8 -2.0 -0.4 -2.3

Source: Own calculations.



To better understand how growth affects poverty, growth incidence curves were plotted for Zambia,
Eastern and Southern Province, Petauke and Sinazongwe districts. The graphs are shown in Figure 5-14. For the
structural adjustment periods, the growth incidence curves depict clear pictures of pro poor growth.
Consumptions of the populations in lower quantiles grew faster than the mean growth rates. However, the
situations reversed during the new growth period except Sinazongwe’s. Consumption growth of the higher
quantiles outpaced those of the lower ones indicating that gains from growth may have disproportionately
benefited the better-offs which generally residing in urban areas. As a result, inequality in Zambia worsened (see
Table 9). Figure 4 illustrates year-to-year movement of Gini coefficient (the lower is more equal). The
movement patterns are consistent with the results reported in Table 9.

Table 9: Pro Poor Growth and Inequality, Zambia 1991-2006

Pro-Poor Growth Change in Gini Coefficient
1991-1998 1998-2006 1991-1998 1998-2006
Zambia Yes No -0.081 0.032
Eastern Yes Neutral -0.138 -0.003
Petauke Yes No -0.292 0.073
Southern Yes No -0.160 0.053
Sinazongwe Yes Yes -0.200 -0.082

Source: Own calculations.

Note: Changes in Gini coefficient indicates improvement (deterioration) if negative (positive).
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Figure 4: Trends of Gini Coefficient by Selected District, Zambia, 1991-2006

4. Conclusion

The implementation of structural adjustment program in 1990 coupled with a major drought in 1991/92
agricultural season have created a sharp increase in poverty in both rural and urban areas in 1993. The largest
increase of poverty was in urban areas especially in Lusaka and Copperbelt. Overall poverty situation in Zambia



showed sign of improvements especially during the new growth period after the year 1998. Economic growth
during this new growth period appears to disproportionately benefit urban population with Lusaka enjoying
significant reduction of poverty head counts. In contrast, poverty in Southern and Eastern provinces are on a
rising trend with increasing severity. The shifting poverty trends in those two provinces may be associated with a
series of droughts affecting farm production during early 2000s” agricultural seasons.
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Figure 5: Growth Incidence Curve, Zambia, 1991-1998
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Figure 6: Growth Incidence Curve, Zambia, 1998-2006



Growth Incidence Curve-Eastern 1991-1998
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Figure 7Growth Incidence Curve, Eastern Province, Zambia, 1991-1998
Growth Incidence Curve-Eastern 1998-2006
8 .
ﬂ .
f
g7
ES
2
= L0 —
O
N
o 4 ~—~
u? -
T T T T T T
0 20 40 60 80 100
Percentiles
GIC Growth rate in mean

95% Confidence Interval

Figure 8: Growth Incidence Curve, Eastern Province, Zambial998-2006



Growth Incidence Curve-Southern 1991-1998
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Figure 9: Growth Incidence Curve, Southern Province, Zambia, 1991-1998
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Figure 10: Growth Incidence Curve, Southern Province, Zambia, 1998-2006
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Figure 11: Growth Incidence Curve, Petauke, Eastern Province, Zambia 1991-1998

Growth Incidence Curve-Petauke 1998-2006
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Figure 12: Growth Incidence Curve, Petauke, Southern Province, Zambia, 1998-2006



Growth Incidence Curve-Sinazongwe 1991-1998
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Figure 13: Growth Incidence Curve, Sinazongwe, Southern Province, Zambia 1991-1998

Growth Incidence Curve-Sinazongwe 1998-2006
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Figure 14: Growth Incidence Curve, Sinazongwe, Southern Province, Zambia 1998-2006
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Interannual variation of seasonal rainfall in South Zambia

Akiyo Yatagai
Research Institute for Humanity and Nature

1. Introduction

The amount of rainfall and its seasonal characteristics are important factors in
Zambia, because its economy depends on rain-fed agriculture. Therefore, analyses of
historical rainfall patterns are useful from a scientific perspective, but also in terms of
understanding Zambian culture. In terms of “resilience’, the responses to a previous shock
event, for example, a drought, may affect current drought prevention activity and the behavior
of farmers. In this paper, we describe the rainfall climatology and the rainfall trends over the
last 40 years in Zambia. The final goal of this study is to evaluate the conditions over the
target years of the project (2006—2011) compared with long-term conditions (over the last 50
years). This paper does not present measurement data from the current project, but instead
shows rainfall data archived by the Zambia Meteorological Department. As well, we present
gridded precipitation climatology data (shown in section 2.4) and satellite (radar) estimates
(2.3).

wnnual Precipitation

2. Data

Recently, many rainfall | HESSSSESEREE
estimates have been obtained using ) P N
satellite data.  However, the A &
time-series of such estimates are
not long enough to reveal
long-term trends. Furthermore,
these estimates need to be
confirmed by comparisons with
direct rain-gauge measurements,
especially in desert areas. For
these reasons, we have mainly used
rain-gauge measurement data in
this study (2.1, 2.2).

. . Fig. 1 Upper: Upper: Annual precipitation
2.1 Monthly rainfall station data .
_ normal (mean) shown on a 0.25-degree grid,
The monthly  rainfall
) . developed by GPCC. Lower panel shows
station data were obtained from the

Zambia M eteorological
Department (ZMD).

number and location of gauges used to

analyze data for top figure.




At the beginning of this project, we obtained monthly precipitation data collected
from 40 stations across Zambia from 1961 to 2003. Some of the information regarding station
locations appeared to be incorrect, in that some of the stations appeared to be located outside
of the national boundary. These data were checked and corrected (cf. Figure 3a, Saeki, 2008).
Then data updated to 2006 were obtained.

2.2 Daily rainfall data

The daily rainfall data for Zambia were compiled by the Zambia Meteorological
Department. We obtained daily precipitation data for Zambia from 1978 to 2009. Some
stations have data updated to 2007/2008.

2.3 Precipitation Radar (PR) of Tropical Rainfall Measuring Mission (TRMM)

TRMM/PR is a powerful tool to show rainfall patterns, including those on
orographically complex terrain. We used “near surface rain” of PR2A25 path data to construct
a 0.05-degree grid (approximately 5-km mesh) to show precipitation climatology data in the
period from 1998 to 2007.

2.4 Global Precipitation Climatology Center (GPCC)

The GPCC is an international organization that operates within the German
Meteorological Service (DWD). They produce monthly precipitation grid data. Here, we used
only the climate normal values (one of their products created in 2008) and some station
information.

3. Results
3.1 Climatology

Figure 1 shows annual precipitation data obtained by the GPCC. The maximum
rainfall occurs in northwestern Zambia, and the amount of rainfall decreases to the southeast.
The South District of Zambia receives 600—900 mm rainfall per year, and thus, this area is a
semi-arid zone. The lower panel of Figure 1 shows the locations of the rain gauges across
Zambia. The network of rain-gauges shown in this map, including those in surrounding
countries, appears to be sufficient to study the relationship between rainfall and synoptic
meteorological conditions.

TRMM/PR is one of the most powerful tools to depict rainfall patterns over land area,
including orographically complicated terrain. Figure 2 shows a 10-year composite of
TRMM/PR monthly rainfall patterns. Northwestern parts of Zambia receive more rainfall in
October, November, and March, while there is a uniform pattern of rainfall across Zambia in
December and January.
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Figure 2. Monthly composite pattern (October to March) of “near surface rain”

data from Precipitation Radar on board TRMM. Unit (mm/h) was converted into

mm/month.

3.2 Trend of seasonal precipitation
Figure 3 shows seasonal rainfall over time during the period from 1961 to 2003. For

this figure, we chose data from three stations (Chipata, Lusaka, and Livingstone) along the
northeast-southwest national boundary. At all of these stations, there was a decrease in rainfall
from at least the 1970s to the early 2000s. Some rainfall peaks are coincident at several



stations, but they do not always match. Hence, further discussions will be focused on the

South Province.

b) Chipata

c) Livingstohe

Figure 3. Seasonal (September to May) rainfall time-series (blue lines) at Chipata,
Lusaka, and Livingstone from 1961 to 2003. Values shown for 1961 represent
accumulated rainfall from September 1961 to May 1962. Red lines show linear

trend.

3.3 Relationship with EI Nino/Southern Oscillation (ENSO)

The ZMS observation station nearest to the project site is at Choma. Figure 4 shows
the annual (August—July) rainfall time-series at Choma, Lusaka, and Livingstone from 1978 to
2007. The three time series show very similar patterns of fluctuations. In general, there was
lessrainfall at all of these sites in El Nino years, and more rainfall in La Nina years. However,
this trend was not always observed. In 2006 and 2007, the time series at Choma differed from
those at the other two sites. Therefore, to understand the rainfall variability and to compare it
with the project observation site, it may be important to analyze rainfall patterns using
satellite data.



Figure 5 shows the composite rain-rate pattern for December 2006 and December
2007. Although TRMM/PR has a large sampling bias problem, it shows clear differences in
rainfall patterns. In particular, it highlights the rainfall maxima around Lake Kariba in
December 2007.

Annual precipitation (August — July)
R : Choma Y : Lusaka G : Livingstone

L L L
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Figure 4. Annual (August—July) rainfall time series at Choma, Lusaka, and
Livingstone from 1978 to 2007. Value shown for 1978 represents total rainfall
from August 1978 to July 1979. E, El Nino; L, La Nina; Red, Choma; Yellow,

Lusaka; Green, Livingstone.

3.4 Daily rainfall change at Choma

Figure 6 shows accumulated rainfall over time at Choma. This type of rainfall data is
important for agricultural purposes. As shown in Figure 4, in general, thereis less rainfall at
this site in El Nino years. Hence, a severe drought period occurred in 1982/1983 and
1991/1992. However, there was also less rainfall in 1999, even though it was a La Nina year.
In terms of agricultural production, it is important to clarify which patterns of rainfall are
more harmful. It is also important to understand the dominant factors affecting such rainfall
patterns, including climate patterns such as El Nino.



December

TRMM,/PR composite

Figure 5. December rainfall climatology data from (a) TRMM/PR (same as that in
Fig. 2¢) and composite data for rainfall in (b) December 2006 and (c) December
2007.

4. Summary of rainfall patterns in Zambia

® Seasonal precipitation at Lusaka is decreasing, at least from the 1970s to 1990s.
Seasonal precipitation at Chipato and Livingstone decreased from 1961 to 2003.
Seasonal precipitation began to increase after 2003.
Choma, Lusaka, and Livingstone receive less rainfall in El Nino years and more
rainfall in La Nina years.
Rainfall maxima around Lake Kariba were observed by TRMM/PR in December 2007.
It islikely that ENSO (ElI Nino Southern Oscillation) is one of the most i mportant
factors regulating rainfall in South Zambia. However, other factors also should be
investigated.
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Abstract

This paper investigates the magnitude of income shocks and their recovery of tsunami
affected households during the post-tsunami period 2005-2008 in Nagapattinam District, Tamil
Nadu, India. Most farmers suffered from decline of income and assets immediately after
tsunami. During the 2005/06 planting season, our estimate indicates that farming households
saw their farm income drop by as much as 60 percent. By 2007/08 agricultural season,
households showed a near complete recovery of their incomes. After tsunami, there is a major
transformation of the livelihood from agricultural production to wage labor. The major coping
strategies dominated by receiving aid, borrowing money for most households. Other coping
strategies included consumption reduction followed by removing children from school. The
empirical results showed strong growth convergence during post-tsunami period. During the
post-tsunami period, in nearly all categories of nominal incomes, the recovery was observed.
However, when the price increase is taken into account, the effect of the recovery become less
obvious. Shock sensitivity analysis indicated that the access to factor markets such as aid
received, access to credit market and access to labor market, are important household resilience
enhancing factors in terms of income shock recovery. As the results, the speed of the recovery
was different in biophysical environment and in social environment in tsunami affected area.
Government needs to carefully monitor soil and water to suggest recovery of agricultural
production and support disaster affected people by providing access to factor market so that
they can recover from income loss quickly.

1. Introduction

In the morning of 26™ December 2004, a large scale earthquake that occurred in Indian
Ocean and caused tremendous damage to the eastern coastal area of India. In India alone, the
earthquake casualties reported were more than 16,000 (Miller, 2005). Most affected coastal
areas were Tamil Nadu, Kerala, Andra Pradesh, and Andaman and Nicobal Islands. In Tamil
Nadu state, three districts were mostly affected, namely Nagapattinam, Cuddalore,
Kanniyakumari. Among three districts, the damage by tsunami in Nagapattinam was largest
with more than 7,000 casualties and 5,000 hectares of agricultural lands. Tsunami also left
people with psychological shocks since they never experienced such an incident for a century



(Miller, Rajikumar, Shanthasheela). It is of primary importance for government and
communities to consider how and in what way the affected people and communities in coastal
ecosystems recover from a huge disaster such as tsunami. There is an effort to promote
integrated coastal management (ICM) to solve for resource use conflict and build more resilient
coastal communities and environment (Wong 2009).

The concept of ecological resilience has been a focus of ecological research since
defined in the seminal paper “Resilience and Stability of Ecological Systems” by C. S. Holling
(1973). The earlier concept of resilience is called engineering resilience where resilience is
defined as the recovery time for an ecological system to return to the initial equilibrium
condition present before disturbance. Systems that return to initial equilibrium conditions more
quickly are considered to be more resilient that systems that take a long period to recover after
disturbances. The equilibrium concept was expanded to the concept of ecological resilience,
which emphasizes capacity to endure disturbance, incorporating non-linearity, multiple
equilibria and regime shifts. After the 1990s, the resilience concept focuses more on the
properties of self-organization after disturbance. Recently researchers applied these resilience
concepts used in ecology and engineering to complex social-ecological systems (Levin et al.,
1998; Levin, 1999; Berkes, Fikret & Folke eds., 1998; Berkes, Colding & Folke eds., 2003,
Umetsu 2010). Resilience is a particularly relevant concept for considering the recovery of
communities affected by disasters and the development of rural societies whose livelihoods are
highly dependent on natural resource base. Not only the fast recovery of social-ecological
system, but the capacity to cope with uncertainty and surprise is required (Adger et al., 2005).

In the economic literature, there is a debate over what should be recovered for marginal
agricultural households after environmental shocks like tsunami, hurricane, drought and
earthquake. Asset smoothing circle asserts the existence of poverty trap, a critical minimum
asset threshold, below which households are difficult to build up their productive assets and
move up economically from poverty line (Carter and Barrett 2006; Little et al. 2006; Carter et
al. 2007). On the other hand, income smoothing circles consider poverty in terms of income
level and poverty is defined by the level of income where environmental shocks may push
some marginal households to below poverty line (Dercon 2004). This debate has significant
impacts since it immediately influences policy makers to consider what really should be
restored after such a shock in the short-run and in the long-run.

The purpose of the paper is to consider how income of tsunami affected households
recovered from a shock and to reveal the path and factors affecting recovery. We focus more
on mid-term recovery and changes rather than short-run recovery immediately after tsunami.
Particular emphasis is placed on income shocks and their recovery. The organization of the
paper is as follows. First section reviews current literature of income shock and coping.
Secondly we build a model for analyzing recovery and resilience to a major natural disaster.
Thirdly we apply this method to tsunami affected agricultural households in Tamil Nadu, India.
Last section concludes the paper and to provide policy recommendations for building resilience
for rural communities during the post-disaster period.



2. Method
2.1 Empirical strategies

Our empirical approach is inspired by Carter, Little, Mogues and Negatu’s (2007) asset
growth model that allows transitional dynamics and shocks to play explicit roles in determining
the growth of household wealth (e.g. asset or income). In this model, growth rate is related to
an initial level of income, shocks and a host of factors determining efficiency and steady state.
The model is applied to examine resilience to shock as defined by a capacity to recover asset or
income to a pre-shock level by using data from pre- and post-shock periods. In the context of
panel study of household incomes of N households (N= 1, 2,..., i) over t periods, the model can
be specified as:

Iy -Iny;e 1 = a + BINy;e 1 +yInS;e + 8Z; +nX; + & (1

Here, S; denotes shocks (e.g. income shock, asset shock) and Z;; and X; represent, respectively,
time-varying and fixed characteristics of the households determining, for example, saving or
investment in human capital. The constant term, «, is a common source of growth to all
households; and the ¢;; is an error term with mean of zero. In the context of pre- and post-shock
situation, one may substitute Iny;.; with the pre-shock income denoted by Iny;, and the Iny;; is
the post-shock recovery income stretching several periods as follow:

Iny;-Iny;, = a + BInyy, +yInS;e + 6Z;, +nX; + &, (2

A standard use of this model is to determine whether the conditional convergence exist in the
household data. The # < 0 would signal the existence of conditional convergence which is an
equilibrium income that all household incomes in the data grow toward. The income
convergence condition implies that the lower income group would have a growth accumulation
process that is faster than that of the higher income group. The model can be adapted to
examine whether a shock has persistent effects on income growth by augmenting a distributed
lag terms as follow:

Iny;-Inyy, = a + Biny, +y1(nS;; —InS;e 1) + 2 (INS;e— — INS;e_5) + 6Z; +1X; + &t (3

The shock persistence is identified when y, that is significantly less (greater) than zero for
negative (positive) persistent effects on growth.

To identify income recovery, we follow Carter et al.”s approach by incorporating income loss
term, w;i;, normalized by the pre-shock income. The simple growth model is modified as follow:



Iny;.-Iny;, = a + BInyy, + 0, Ki, L) wie +y1 (NS — InS;e—1) + v, (NS — InS;e_5) + 8Z; +
nX; + & (4)

The 8Vis.Ki.Li ) is a parameter to be estimated conditional on pre-shock income level, access
to capital market, K;, and access to labor market, L;. The household incomes have not yet

recovered if the & = -1 which means that a 10 percent income loss results in a 10 percent
growth reduction. The § < -1 signals that the households have further lost their capacity to
generate income, for example, by not being able to afford necessary inputs such as fertilizers or
labor employments. Household income recovery is identified if & > -1. We use a general model
in (4) to investigate determinants of income growth in areduced form regression.

2.2 Data

The study site is located in Nagapattinam District of Tamil Nadu State, India where the
damage was highest among districts affected by 2004 tsunami (Figure 1). Twenty four sample
villages in coastal area were selected (Table 1), and about ten households in each village were
selected for the long term tsunami-impact household survey. The total sample size is 240
households. All sample households are residents of tsunami affected area.

We conducted household survey in 2006, 2007 and 2008 and interviewed for
consecutive four cropping seasons after tsunami disaster, i.e., 2004/2005, 2005/2006,
2006/2007, 2007/2008. Cropping season starts from summer season (February to May),
Karif/Kuruvai season (June to September), and Rabi/Samba/Thaladi season (October to
January). Karif season, which is the major paddy season that generates farm income in this area,
is during North-east Monsoon season (Figure 3). The normal annual precipitation in
Nagapattinam is 1341.7mm and that for North-east Monsoon is usually 886.4 mm. North-east
Monsoon and South-west Monsoon are the two major rainy seasons in Nagapattinam. In 2004
and 2005, the North-east Monsoon season caused heavy rain and floods in Nagapattinam
District. The 2004/2005 cropping season was directly hit by tsunami just before the harvest in
January. And the subsequent three cropping seasons, 2005/2006, 2006/2007, 2007/2008
indicates post-tsunami period of recovery.

During the study period, we interviewed the same farmers to assess the impact of
tsunami on agricultural production, household income including farm income, non-agricultural
income including allied activities and wage income. In the study area, the dominant production
system is rainfed agriculture and farmers produce paddy, pulses, gingerly, groundnuts, cashew
nuts, coconuts, mango and others. Most farmers are marginal and about 74 percent of farmers
own less than one hectare of land (Palanisami et al., 2010).

When tsunami hit the study area, sea water intrusion caused salinity level to rise in
agricultural land and groundwater. In addition, ten observation wells were constructed to
monitor changes in groundwater quality every month from June 2006 to March 2008. Also soil
samples were analyzed for electric conductivity and pH values (Kume et al. 2009).



Data used in this analysis are a panel of 240 households over a four-year period starting
from 2004/05 to 2007/08 agricultural season and covering 24 tsunami affected villages of the
Nagapattinam District, Tamil Nadu State. We supplement our social household survey with
ecological examinations of soil’s and water’s chemistry in our study villages to determine the
extent to which the tsunami has altered their physical properties and their subsequent effects on
households’ income generating capacity.

The livelihood of more than three out of four households in our study areas directly and
indirectly depends on agriculture, both as farmers and as farm labors (see Table 2).

Table 3 shows that merely 2.5 percent of the sampled households suffer physical injury.
The majority of the households experience losses directly to their income or to their income
generating capacity (e.g. job losses and productive asset losses). During the 2005/2006
cropping season, one year after tsunami, farmers replied declined income (73.5%), production
asset loss (52%), and unemployment (50%). These incidents were reduced in 2006/2007
season, two years after tsunami, and became marginal during 2007/2008 season, three years
after tsunami.

Table 2: Self-Report of Household Main Occupations, India

Main HH Occupation 2004/05 (Pre-Tsunami) 2005/06 2006/07 2007/08
No. % No. % No. % No. %
Agriculture 176 733 59 24.6 60 25.0 2 3.3
Farm and Non-farm labor 48 20.0 164 68.3 165 68.8 136 56.7
Business 14 59 15 6.3 13 54 10 4.2
Missing 2 0.8 2 0.8 2 0.8 2 0.8
Total 240 100 240 100 240 100 240 100

Source: RIHN, TNAU, Tsunami Survey 2006, 2007 and 2008.

Table 3: Effects of Tsunami on Household Welfare, India

2005/06 2006/07 2007/08
Category

No. % No. % No. %
Declining income 175 735 113 47.5 6 25
Physical injuries due to Tsunami 6 25 0 0 1 04
Production asset loss 124 52.1 60 25.2 8 3.3
Unemployment 119 50.0 54 22.7 8 3.3
House damaged 0 0 0 0 0 0
Household durable loss 0 0 0 0 0 0
Cashand jewels loss 0 0 0 0 0 0

Source: RIHN, TNAU, Tsunami Survey 2006, 2007 and 2008.



The households cope with the impact of tsunami in a variety of ways. Receiving aid
(97.5%) and borrowing money (98.3 %) are their main coping strategies. Nearly every
household reports to engage in both activities. The second most popular coping behavior is
consumption reduction (49.6%), following by removing children from school (26.7%) perhaps
to smooth income. One-tenth of the households attempted to smooth income by engaging in
government employment scheme (10.8%). Interestingly, a 20 percent of households indicate no
change in their behaviors.

The extent of expected income losses is reported in Table 4. On average, income losses
linearly increase by household income level. Transfer and relief are generally small in size and
able to offset only half of the income losses from crop failure. The lowest income quartile
appears to be the only group to receive aid more than offset their income losses.

Table 4: Average Income Losses and Relief Received by Pre-Shock Income Quartile
(Rs./household)

Income Quartile

category I 1 "l v
Income loss 2,349 5,201 6,320 8,980
Transfer and aid 2,771 2,884 3,294 4,705
Aid as percentage of income

loss 117.9 55.4 52.1 52.4

Source: RIHN, TNAU, Tsunami Survey 2006, 2007 and 2008.

Table 5: Share of Aggregate Income by Income Sources (Rs./househol d)

Income Share 2004/05 2005/06 2006/07 2007/08
Farm income 26.5 10.3 15.0 29.8
Livestock income 7.2 8.5 4.4 7.2
Non-farm income 9.7 9.2 6.2 4.2
Employment income 56.6 72.0 74.4 58.8
Total 100 100 100 100

Source: RIHN, TNAU, Tsunami Survey 2006, 2007 and 2008.
Note: Households' farm incomes of the 2004/05 are estimated.

Table 5 displays structure of aggregate income of data households. Although the
majority of the respondents indicate agriculture as their main occupations, the largest share of
household pre-shock earned incomes is from employment (56.6%). Agriculture accounts for
only one-fourth of the total earned income. The share of labor income increased to 72 and 74.4
percent at the expense of reduction in the share of farm income in 2005/06 and 2006/07
respectively. The increase is pushed in part by crop failure and pull by the attractiveness of
wage income, made available by various government employment schemes. For there are
various restrictions on government employment schemes, farmers quickly returned to
agriculture as the soil productivity is restored.



It is worth noting that the household farm income of 2004/05 is estimated based on
peer’s production efficiency. Since the tsunami occurred at the very end of the cropping season
of 2004/05, farmers were able to provide us with near complete details of their income and
input utilizations for the entire 2004/05 agricultural season. The input usage, productivity and
crop sales of unaffected agricultural households in our sample and the pre-tsunami farm
production of villages in Nagapattinam District in the 2003/04 season are used to estimate
expected farm incomes for our data households in the 2004/05 season. This expected farm
income is subsequently used to estimate crop income loss from tsunami both for the 2004/05

and the following seasons.

Table 6: Average Nominal and Real Income by Income Sources,

(Rs./year/househol d)

India (2004=100)

Income N 2004/05 2005/06  2006/07 2007/08
Nominal
Farm income 240 7,299 2,395 4137 7,869
Allied activity income 240 1971 1977 1,200 1,908
Non-farm income 240 2,679 2,156 1,721 1,113
Employment income 240 15,603 16,340 20,561 15,555
Total earned income 240 27,552 23,368 27,619 26,445
Transfer & relief 240 0 9,444 555 67
Total income from all sources 240 27,552 32,812 28,174 26,511
Per capita earned income 238 8,772 7423 8,693 8,631
Per capita total income 238 8772 10,466 8871 8,650
Read

Farm income 240 7,299 2,303 3,761 6,842
Allied activity income 240 1971 1,901 1,091 1,659
Non-farm income 240 2,679 2,073 1564 967
Employment income 240 15,603 16,192 18,692 13,526
Total earned income 240 27,552 22470 25,108 22,995
Transfer & relief 240 0 9,080 505 58
Total income from all sources 240 27552 31,550 25,613 23,053
Per capita earned income 238 8772 7,138 7,903 7,505
Per capita total income 238 8,772 10,064 8,065 7522

Source: RIHN, TNAU, Tsunami Survey 2006, 2007 and 2008. The 2004/2005 income is estimated.

Table 6 shows trends of nominal and real average income per household and per capita
over time. Full income recovery seems to be indicated by nearly every category of nominal
incomes. For example, the post-shock farm income dropped from the pre-shock level of Rs
7,299 in 2004/05 to Rs 2,395 in 2005/06; by 2007/08 the average farm income has recovered to
dlightly above the pre-shock level at Rs. 7,869. However, when inflation is factored in, it is
less evident whether or not income recovery is reached. We now turn to empirical analyses to
determine the status of household income recovery or resilience to shock.



3. Results

We examine the process of income recovery based on the simple growth model givenin
(4) above. The results of parameter estimates are reported in Table 7 and 8. Table 7 and 8
differs in that the distributed lag of the percentage change in soil EC value is specified in the
Table 7 to test for persistency of tsunami impact. As such, the panel of our data is reduced to a
single cross-section and the period of our data analysis is reduced from 2004/05-2007/08 to
2004/05-2006/07 due to the unavailability of the EC measurements in the 2007/08 season; OLS
estimator is used. In Table 8, the model specify only a lag percentage change of the soil EC
values and that allow us to take advantage of the panel nature of our household data. In each
table, two alternative specifications of (4) are displayed. The first is a restricted model that
specify income growth rate as a function of initial or pre-shock income level, the shock
variables and demographic factors. The second is the full model that adds shock mitigating
factors such as aid received, access to labor market and credit market into the specification.
Wald tests clearly reject the null hypothesis of no mitigating factors. Overall, the restricted and
the full model and the OLS and the panel estimator produce qualitatively similar results.

A strong pattern that emerges out of all equations is a clear growth convergence. The
convergence appears to be at a faster speed for the OLS estimates (ranging from -0.56 to -0.68)
than for the maximum likelihood estimator (MLE) which varies in range from -0.35 to -0.49.
The faster speed of convergence is probably a result of government and NGQO'’s interventions
which were pro-poor. In addition, the relief efforts were discontinued before the 2007/08
season in which the MLE covers.

A second important pattern these equations signals is income recovery. The coefficients
of the income losses normalized by pre-shock income are negative and lying between 0 and -1.
Wald tests clearly reject the null hypotheses of negative unitary of the income shock
coefficients in all equations. The parameters of the income shock variable vary in range from -
0.14 to —0.40 which means that a 10 percent income shock is related to a reduction of income
growth by 1 to 4 percent. It is worth noting that the income shock coefficients in the full model
of Table 7 are negative and not significantly different from zero after controlling for mitigating
factors. One should be cautious not to prematurely interpret this as an evidence of full income
recovery. Households losing productive asset, which is a dummy variable, are likely to see
further reduction in their income growth. However, the variable does not carry much weight
because the coefficients are not statistically different from zero.

To examine whether tsunami has persistent effects on income growth, we use the
distributed lags of the percentage change of the soil EC to proxy physical effects of the tsunami.
We expect the coefficients of the tsunami surrogate to have either negative or no effects on
income growth because the soil EC quickly returns to the pre-shock level a year after the
tsunami. Contrary to our expectations, nearly all equations appear to indicate that tsunami has
persistent and positive effects on income growth. The coefficients of the lag soil EC growth are
all positive and significantly different from zero in all but the restricted panel equations. Two
possible explanations are in order. First, what comes with tsunami is not only salinity but also



avariety of sediment deposits. Asrain and flood helps the salinity level to quickly return to its
pre-shock level, certain types of sediment deposits have high organic materials which help to
increase soil minerals and improve soil fertility. This can lead to an increase in farm income
and the overall earned income. Secondly, the lag of the soil EC growth rate indicates quicker
recovery of soil salinity to its pre-shock level. A quicker is the recovery of soil salinity, the
higher is the farm productivity and the household income.



Table 7: OLS Estimates of Income Growth Model, 2004/05-2006/07

Explanatory Variables Earned Income All Income Earned Income All Income

Coeff SE Coeff SE Coeff SE Coeff SE
Preshock income -05633°7 01486 -0.6128°° 01462 -0.6788° 01765 -0.6873°  0.1763
Land per adult (A) 1779777 06881 -1.9608°° 0.7007| -2.8361°°  1.0006| -2.8304 " = 1.0924
A? 0.9750 0.8776| 1.0505 09037 23644 13261 2.3398° 1.3322
Income shock (®) 029297 01074 -03102°7  0.1072| -0.1405 0.1240| -0.1411 0.1246
Asset shock -0.2758 0.3292| -0.1938 0.3031] -0.0539 0.3699| -0.0840 0.3686
Sail EC, 01066~ 0.0433| 0.0868°  0.0429 0.0529 0.0419|  0.0501 0.0420
Soil EC,; 01175~  0.0472] 010537 00469 01146  0.0489 0.1142°  0.0491
Aid received 023847 01047| 0.1227 0.1032
Access to credit 0.5391 1.1681| 0.3215 1.0486
Access to credit*o -0.0967 0.0780| -0.0822 0.0724
Access to labor market 2.4144° 1.3283| 2.4564° 1.3221
Access to labor market*® -0.0609 0.0530| -0.0630 0.0529
Education of HH head 0.1120 0.1788] 0.1315 0.1764] 0.0585 0.1499 0.0679 0.1497
Age of HH head 0.2773 0.3286] 0.2478 0.3237] 0.2111 0.3224| 0.2098 0.3224
Average adult's education ~ -0.0408 0.2850 -0.0643 0.2807|  0.0092 0.2443  0.0009 0.2432
Farmer 0.1764 0.1915| 0.1791 0.1889] 0.2163 0.2941] 0.2228 0.2947
L abor -0.0134 0.2199| -0.0976 0.2118 -0.3625 0.3027| -0.3778 0.3021
Constant 49003""" 17147] 55764°° 16708 60782 " 19392 617837 19384
R? 0.1781 0.2075 0.2676 0.2676
N 225 225 225 225
F Statistics 795" 921" 826" 941"
Note: ~", " and " denote significant at 0.01, 0.05 and 0.10 level respectively.

Soil EC; = InEC-INEC,; and Sail EC,.; = INEC;.1-INEC..



Table 8: Maximum Likelihood Estimates of Random Effect Model, 2004/05-2007/08

Explanatory V ariables Earned Income All Income Earned I ncome All Income

Coeff SE Coeff SE Coeff SE Coeff SE
Preshock income -0.3518""  0.0664| -0.3872"7°  0.0653| -0.4772"77"  0.0668| -0.4942"""  0.0661
Land per adult (A) -1.8588 """ 0.3608| -2.1004°"  0.3550| -1.6174°°  0.3614| -1.7031°°  0.3578
A? 11505  0.3343] 1.2968°°°  0.3289] 11030 " 03257 11571 @ 0.3225
Income shock (o) -0.3753""  0.0890| -0.4016 "  0.0876| -0.2536"" 0.1008| -0.2599 "  0.0998
Asset shock -0.2004 0.3252| -0.1184 0.3199| -0.0795 0.3117| -0.1100 0.3086
Soil EC,.; 0.0222 0.0222| 0.0187 0.0218 0.0522 " 0.0218 0.0534 " 0.0216
Aid received -0.1304 0.1298| 0.2211° 0.1285
Access to credit -0.5192 0.4290| -0.5007 0.4247
Access to credit*m -0.0184 0.0266| -0.0177 0.0264
Access to labor market 23881 """ 04225 2508077 04184
Access to labor market*m -0.0234 0.0187| -0.0254 0.0185
Education of HH head 0.0602 0.0879| 0.0668 0.0864| 0.0451 0.0834| 0.0451 0.0826
Age of HH head 0.0917 0.1750|  0.0994 0.1722| 0.0983 0.1661| 0.1230 0.1645
Average adult's education -0.0411 0.1085| -0.0463 0.1067| -0.0097 0.1032| 0.0012 0.1022
Farmer 0.2571 0.2115| 0.2441 0.2081| 0.1328 0.2211| 0.0979 0.2189
L abor 0.1132 0.2177| 0.0595 0.2142| -0.1238 0.2096| -0.1551 0.2075
Constant 3.2561 7" 09907 3.6595°" 09746 4.2200° 09587 4.3050°7  0.9492
oy 0.0000 0.1279|  0.0000 0.1178|  0.0000 0.2050|  0.0000 0.1730
Ge 0.9025 0.0302| 0.8879 0.0297| 0.8553 0.0286| 0.8468 0.0283
p 0.0000 0.0000|  0.0000 0.0000|  0.0000 0.0000|  0.0000 0.0000
N 448 448 448 448
L og likelihood -589.731 -582.421 -565.651 -561.187
LR »%(11)/(16) 76.00 92.28 124.16 134.74
Note: ™", and ™ denote significant at 0.01, 0.05 and 0.10 level respectively.

Soil EC.; = InEC..1-INEC.,.



Another important policy question is how successful and by how much is the access to factor
market mitigate the tsunami impact. We specify aid receved, access to credit market and access to labor
market as key mitigating factors. The aid received is defined as a summation of transfer from friends and
relatives and relief normalized by the pre-shock income. The indicator for access to credit market is a
dummy variable equal to one if the households have no excess demand for credit and zero otherwise. The
labor market access indicator is defined as average labor income per village and scaled to lie within zero
and one. The use of the average community’s instead of the households' employment income is to avoid
endogeneity bias resulting from household labor supply decision.

It is found that the aid received has positive effect on income growth in the all income equations
but counter-intuitively negative in the total earned income equation. It is possible that the significant
amount of aid received may have disincentive effects to engage in livelihood activities. In 2005/06 when
the amount of aid is at its peak, 6 percent of the data households reported no earned income and probably
survive solely on relief funds.

Access to credit appears to be positive in some equations and negative in another. In all equations,
the coefficients are not significantly different from zero. However, the interaction term of the credit
market access indicator and the income loss variable shows consistent negative effects on income growth
but not significantly different from zero. This probably means that credit market plays only minor role in
mitigating the impact of shock since the majority of households have no full access to credit.

The access to labor market plays very important roles as a shock mitigator. The coefficients of the
labor market access indicator are consistently positive and relatively large in al equations.

Table 9: Shock Sensitivity and Resilience

20% Income Shock (©=0.2)

No shock ~Jgided &
(@=0)  poor Market Aided & Poor Aided & Good

Access Market Access Market Access
Pre-shock income (Rs) 19,592 19,592 19,592 19,592
Post-shock income (Rs) 24,040 12,382 14,185 20,764
Post-shock income/No Shock Income (%) 100 49.7 57.2 84.3
Growthin three years (%) 22.7 -36.8 -27.6 6.0
Average growth ratelyear (%) 7.6 -12.3 -9.2 2.0

To highlight the significance of the shock mitigating variables, we calculate post shock income
from the full model of the al income equation of the pandl estimator using different market access
scenarios. Table 9 displays our findings. Under the counter-factual no shock scenario, real household
income is expected to grow by 7 percent per annum and the expected income is expected to be Rs. 24,040
by the 2007/08 season. For a 20 percent income shock which is an average income loss over a three year
period, the post-shock income will fall further by 36.8 percent over our study period or an average of -12.3
percent/year under an unaided and poor factor market access condition. However, aid provision alone



without improving market access will slightly improve income from unaided scenario by 14.5 percent but
still fall below the pre-shock level with a negative growth of 27.6 percent for a period of three years or -
9.2 percent/year. With aid and good access to factor markets, the income improves over the aid and poor
market access by 46 percent and put the household on to positive growth trajectory within three years with
an average annual income growth rate of 2 percent. Access to factor markets is an important household
resilience enhancing factor.

Demographic/human capital factors appear to show no significant explanatory power. This does
not mean that human capital and demographic factors have no effect on income growth. The lack of
statistical power is probably aresult of low variations in these factors.

We also examine whether the household pre-shock occupation matters in their recovery. It is
found that initial occupation has no effect on income growth which means that they all have equal growth.

4. Discussion and Conclusion

This paper investigates the magnitude of income shocks and their recovery of tsunami affected
househal ds during the post-tsunami period 2005-2008. Theimportant findings are as follows:

Most farmers suffered from decline of income and assets immediately after tsunami. During the
2005/06 planting season, our estimate indicates that farming households saw their farm income drop by as
much as 60 percent. By 2007/08 agricultural season, however, households have showed signs of re-
accumulation of their productive assets to their previous growth trajectory and a near complete recovery of
their incomes.

After tsunami, there is a major transformation of the livelihood of agricultural households in the
sample area. Households whose main occupation is agriculture reduced from 73.3% in pre-tsunami
reduced to 38.3 %. On the other hand, farm and non-farm labor increased from 20% to 68 % immediately
after tsunami and 56.7% three years after tsunami.

The major coping strategies dominated by receiving aid, borrowing money for most households.
Other coping strategies included consumption reduction followed by removing children from school.

The empirical results showed strong growth convergence to its pre-shock income level. The
implication of the growth convergence is that the lower income group has more rapid income growth than
its higher income counterpart.

During the post-tsunami period, in nearly all categories of nominal incomes, the recovery was
observed. However, when the price increase is taken into account, the effect of the recovery becomes less
obvious. Evidences from our empirical analyses indicate the income recovery of the sampled household
has probably attained.

Shock sensitivity analysis indicated that the access to factor markets such as aid received, access
to credit market and access to labor market, are an important household resilience enhancing factors in
terms of income shock recovery.

In the tsunami affected agricultural area in Nagapattinam, the recovery of social system and
natural system indicated different recovery paths. It is shown in the previous studies (Chandrasekharan et
al. 2008; Kume et al. 2009) that the biophysical environment for agricultural production in this area



largely recovered from tsunami by the following cropping season due to heavy rainfall. Although the
physical environment recovered rather quickly, the farm production and household income did not
immediately recover from tsunami that many farmers reported that they could come back to the normal
agricultural production during the agricultural season 2007/2008 as indicated in Palanisami et al. (2010).
It took them almost three years until agricultural production recover fully to pre-tsunami level. In addition,
the structure of livelihood has shifted from agricultural production to wage labor.

For the recovery of huge disaster like 2004 tsunami, it is important not only the fast recovery of
social-ecological system, but the building the capacity to cope with uncertainty and surprise (Adger et al.,
2005). As the results of the study suggests, the speed of the recovery may be different in biophysical
environment and social environment. Government needs to carefully monitor soil and water to suggest
recovery of agricultural production and support disaster affected people by providing access to factor
market so that they can recover from income loss quickly.
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Table 1. Names of Sample Villages

S.No Village name Block Name Taluk Name  Altitude (meter)*
1 Tirumullaivasal Kollidam Sirgali 9
2 Puthuthurai Sirgali Sirgali 13
3 Vettangudi Kollidam Sirgali 10
4 Keelaiyur Sirgali Sirgali 5
5 Tennampattinam Sirgali Sirgali 10
6 Vanagiri Sirgali Sirgali 1
7  Melaiyur Sirgali Sirgali 8
8 Nepathur Sirgali Sirgali 10
9 Maruthampallam Tarangampadi Tarangampadi 1
10 Neithavasal (Veppangudi) Sirgali Sirgali 5
11 Vilunthammavadi Kilvelur Kilvelur 11
12 Prathamaramapuram Kilvelur Kilvelur 10
13 Vettaikaranirruppu Kilvelur Kilvelur 13
14  Poigainallur (North+South) Nagapattinam Nagapattinam 6
15 Vadakku palpannaicheri Nagapattinam Nagapattinam 8
16  Terkku palpannaicheri Nagapattinam Nagapattinam 8
17 Manigapangu Tarangampadi Tarangampadi 4
18 Satangudi (Erukattacheri) Tarangampadi Tarangampadi 4
19 Kovilpathu Talainayiru Vedaranyam 10
20 Periyakuthagai Vedaranyam Vedaranyam 13
21 Pushpavanam Vedaranyam Vedaranyam 10
22 Agasthiyampalli (Maniyanthevu) Vedaranyam Vedaranyam 5
23  Vellapallam Talainayiru Vedaranyam 13
24 Naluvedapathi Talainayiru Vedaranyam 10
* Avove mean sea level
Fig. 3. Seasonwise Rainfall Distribution in Nagapatttinam District,
Tamilnadu, India (mm)
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Recovery of agricultural livelihoods after the 2004 tsunami in the Andaman Islands,
India by interventions by agricultural technologies

Takashi Kume

Research Institute for Humanity and Nature, Kyoto, Japan

Abstract

The Andaman Islands, as well as the neighboring Nicobar Islands in India were among
the areas worst affected by the 2004 tsunami. Before the tsunami, the islands’ hydrological
schemes were suitable for agriculture because of the abundant rainfall. However, because of heavy
tsunami damage to the agricultural environment, farmers have had to apply new agricultural
technologies to restore their livelihoods. In natural disasters, peoples’ livelihoods and the natural
condition of the land need to be rapidly recovered. This paper reports how livelihoods are being
recovered by intervention with agricultural technologies in the Andaman Islands, and an
assessment of the recovery from tsunami damage such as the salinization of soil, and to water
resources and rice fields. In the pilot study areas, the interventions have successfully recovered
farmers’ agriculture livelihood using newly developed technologies such as the raised crop beds
with a coconut husk system or the broad bed and furrows system. Soil salinity and water resources
recovered to pre-tsunami levels after two rainy seasons. A main reason for this rapid recovery was
the high rainfall—more than 3,000 mm per year. However, in the case of the Andaman Islands, a
successful recovery was also to the result of interventions by agricultural technologies. Farmers’
livelihoods were seen to have been successfully restored through the synergy of human activities

and natural hydrological schemes.

1. Introduction

In December 2004, countries bordering the Indian Ocean were hit by a tsunami that
damaged ecosystems, peoples’ livelihoods and hindered biodiversity. This natural disaster caused a
huge loss of human and animal life, and damaged residences, fisheries and agricultural fields. The
Andaman Islands, as well as the neighboring Nicobar Islands in India were among the
worst-affected areas (Velmurugan et al., 2006). The islands have not experienced another such
disaster in recent history. The islands lie just north of the earthquake epicenter, and the consequent
tsunami was up to 15 m in the southern Nicobar Islands. The official death toll reached 1,310, and
approximately 5,600 people are still missing.

Before the tsunami, the islands’ hydrological scheme was suitable for agriculture because
of its abundant rainfall. The main crops of the islands are rice, coconuts, spices, fruits and
vegetables. After the tsunami, South Andaman Island sank slightly and North Andaman Island was
lifted up several meters by the earthquake. Because of this, some paddy fields on the South Island
are now below sea level and have been abandoned. On the North Island, mangrove forests dried up

because of natural vegetation pattern changes due to the elevation and geomorphologic shifts. As a
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result of these drastic changes to the agricultural
environment, farmers have had to apply new

agricultural technologies to restore their livelihoods.
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industrial activities. The income of those affected is
still partly dependent on tsunami relief funds from the
government. In  disaster situations, peoples’
livelihoods and the natural condition of the land need Middle

to be rapidly recovered. This paper reports how Andaman
livelihoods are being recovered by interventions of

agricultural technologies in Andaman Islands.
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The Andaman Islands (Fig.1) are located in
Indian Ocean, and lie between latitude 11 and 14°
North and between longitude 92° and 94° East. There
are 572 islands in the territory, of which only Q

approximately 38 are permanently inhabited. Most of 8
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of which are inhabited. The highest point is located in
North Andaman Island (Saddle Peak at 732 meters).

The total area of the Andaman Islands 1is

Fig.1 Study sites on the Andaman Islands.

approximately 408 km’. Average annual rainfall of

Port Blair is 3180 mm, and there were 149 days of rain at Port Blair were in 2003. Mean minimum
temperature was 23.9° C and mean maximum temperature was 30.2° C. The total population of the
islands is approximately 356 thousand.

The total agricultural area in the Andaman and Nicobar Island groups is 48,675 ha. In the
Andaman Islands, the main crop is rice, whereas coconut and areca nut are the biggest cash crops
on the Nicobar Islands. Pulses, oilseeds and vegetables are also grown, with by rice grown during
the Rabi season. Many kind of fruit such as mango, sapota, orange, banana, papaya, pineapple and
root crops are grown in hilly regions. Spices such as pepper, clove, nutmeg, and cinnamon are
grown in a multitier cropping system. Rubber, red oil, palm and cashew are also grown on a limited

scale on these islands.

3. Interventions of agricultural technologies and impact assessment of the tsunami on the
ecosystem
Four villages (Fig.1)—New Manglutan, Guptapara, Manjery and Indiranagar (not shown

in Fig.1)—in South Andaman were selected for the pilot study. Agricultural intervention



Table 1. Technological interventions made in various situations

No. Situation Technological interventions

1 Low-lying coastal areas where there | - Family poultry production for immediate livelihood and
is permanent groundwater infiltration | nutritional stability
by sea water and the depth of sea | -Goat farming
water increases with high tide -Detection of reproductive disorders and the implementation of

therapeutic measures in cattle
-Use of azolla as a feed supplement for backyard poultry

2 Low-lying coastal areas into which | - Assessment of spatial and temporal variability in soil
sea water advances with high tide and | - Technological interventions for managing degraded natural
recedes with low tide resources

- Raising crop beds with coconut husk applied for salinity
management

-Broad bed and furrow system for soil and water management

- Brackish water-based Integrated Farming System (IFS)

3 Low lying coastal areas where sea | - Assessment of temporal and spatial status of soil and water
water has intruded, only during the | -Mat nursery and system of rice intensification method of paddy
Tsunami—receding permanently | cultivation
afterwards - Crop diversification through the introduction of vegetables

- Freshwater pond based IFS - Participatory water resource
development and management through Water User Association

technologies were applied to different areas dependent on the level of tsunami damage and the site
location. In addition, impact assessment was conducted on the soil, water, and crop yield. Table 1
summarized the details of interventions made in each situation (Srivastava et al., 2009a, 2009b).
Interventions such as the application of raised crop beds with coconut husks (RCBCH) for
salinity management, and broad bed and furrow (BBF) system for soil and water management,
which were applied in low lying coastal areas where sea water advances with high tide and recedes

with low tide, are shown in this paper. The results of impact assessment are also reported.

4. Recovery of livelihood after the interventions

4.1 RCBCH application for salinity management



A mound sized 1 m
wide and 0.3 m high is
prepared, and compost is
mixed  with soil for
fertilization. Coconut husks
cover the ridge to guard
vegetables against continuous
and heavy rains (Fig.2). The
advantages of the RCBCH
method are increasing
microbial content in the soil
and the improvement of
acidic soil by increasing soil
pH. The coconut husks also
serve as a rich source of
potash. Of seven pilot fields
were selected, and the net
profit from the fields was
from 50,000 to 75,000 Rs.
per ha.

4.2 BBF system for soil and
water management

The Inhibited
growth of vegetables and the
dilution of fodder is caused
by excess rainfall during the
rainy season
(June—December). In contrast,
during the dry season
vegetable  production s

significantly damaged by

Fig.2 Raised beds with coconut husk application (photo from
Srivastava, 2009)

Furrow
(Fish rearing pond and irrigation tank) |

\

Fig.3 Broad Bed and Furrow (BBF) system in the pilot study area

snails, bacterial wilt and a shortage of water. The BBF system for soil and water management is a

kind of integrated farming system to grow vegetables, enhance fodder and to rear fish (glass carp)

in rice fields using water harvested in furrows throughout the dry season.

As shown in Fig.3, the BBF system has a central broad bed (4 m wide and 1 m in height) and

narrow beds and furrows (6 m wide and 1 m deep). Vegetables and fodder crops are planted in the

broad bed and narrow beds, respectively. Glass carps are rearing in the furrows and harvested

water are used for irrigation. The resulting net returns for the first year were 62,000 Rs. per ha,

from the combined sales of the vegetables, rice and fish. In the second year, income nearly doubled

(117,000 Rs. per ha). The small return in the first year was due to the construct costs associated



with the BBF system.

5. Results of impact assessment on soil, water, and vegetation

Changes in salinity status of soil and water have already been reported (Nayak et al., 2009,
Raja et al., 2009). Low-lying coastal areas were affected by the tsunami and some areas remain
salinized because of drainage problems. Therefore, ponds and dug wells in some areas are still
affected by salinization.

Before the tsunami, electrical conductivity (EC) of soil saturated paste was found to be
0.32 dS/m and 0.04 dS/m at 0—0.15 m and 0.15-0.3 m soil depth, respectively. Immediately after
the tsunami, it increased sharply and ranged from 7.6 to 34.4 dS/m at 0—0.15m soil depth. However,
after one rainy season, the levels decreased to 6.8 to 11.2 dS/m. After the second rainy season,
significant decreases in ECe were found that ranged from 3.7 to 7.6 dS/m. In addition, soil pH was
also close to pre-tsunami levels in most cases after both rainy seasons.

EC of wells and pond water ranged from 2.3 to 11.8 dS/m after the tsunami, and
decreased to below 2.0 dS/m in most areas after two rainy seasons. In the case of the islands,
gypsum application was not needed for the rehabilitation of salinized soil because rainfall had
leached enough salt from the soil and drained salt from aquifers.

Impact assessment of the effects of the tsunami on vegetation was reported by Venkatesh et al.
(2006). After one rainy season, rice yield in areas where the tsunami damage was estimated to be
severe was reduced by 59% of that in non-affected areas, and to 37% of pre-tsunami yields in

moderately affected areas.

6. Summary

Interventions successfully recovered farmers’ agriculture livelihood through the
application of newly developed technologies such as the RCBCH and BBF systems in the pilot
study areas. The tsunami-affected saline soils were recovered to pre-tsunami levels after two rainy
seasons. The ECs of pond water and dug well water were low enough (less than 4 dS/m) for
agricultural production. There are no data about rice yields after recovery. However, rice yields
may have fully recovered after two rainy seasons, considering the decrease in soil, pond, and dug
well water ECs. The main reason for the rapid recovery in the affected areas was heavy rainfall. In
the case of the Andaman Islands, the success in recovery of livelihoods was also due to agricultural
interventions. The successful recovery of livelihoods in the Andaman Islands shows the

effectiveness of the synergy of human activities and natural hydrological schemes.
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Abstracts of Resilience Seminar in FY2010

The 30th Resilience Seminar

Date & time: April. 10th, 2010, 16:00-17:30

Place: RIHN Lecture Hall

Title: Resilience of Ecological Resource and Livelihood: A case of the Sereer in Senegal

Speaker: Masaaki Hirai (Graduate School of Asian and African Area Studies, Kyoto University, Kyoto,
JAPAN)

Language: Japanese

[Abstract]

Resilience of Ecological Resource and Livelihood: A case of the Sereer in Senegal
In Sudanian Savanna of West Africa, we can find numerous densely populated areas and these areas
have common features in their livelihood systems: “intensive agriculture’ and “refined resource use
and management” . In this presentation, | will discuss technical and institutional factors which had
formed these features, and also its recent reform under socio-economical environmental changes, from
case of the Sereer living in Senegal.

The 44™ RIHN Seminar and the 31st Resilience Seminar

Date & time: June 17th, 2010, 13:30-15:00

Place: RIHN Lecture Hall

Title: Food Security, Climate Variability and Land Use in Zambia : Methods for Spatial Analysis and

Modeling Vulnerability and Resilience of Smallholder Systems

Speaker: Tom Evans (RHIN Visiting Research Fellow Department of Geography, Indiana University,
Indiana, USA)

Language: English

[Abstract]

Smallholders in rural Zambia are exposed to a number of shocks that threaten their livelihoods.
With the magjority of smallholders directly or indirectly dependent on local-level crop production,
climate variability presents a particular threat to human-well being and food security. There are
scale-dependent relationships that must be considered in assessing the vulnerability of smallholders to
climate variability. This presentation will present methods for analyzing food security and
smallholder resilience at multiple spatial scales of analysis. In particular, conceptual approaches are
discussed to articulate the resilience of smallholders at household, community and regional levels of
analysis. Results from a rich household survey data conducted in 2007 are integrated with land use
data derived from satellite imagery to assess the vulnerability of smallholders at these diverse spatial
scales. An agent-based modeling approach is presented as a mechanism to investigate the future
potential vulnerability of smallholders to climate variability. These tools are discussed as components



of an integrated multi-method approach for characterizing the spatial dimensions of resilience in
smallholder systems.

The 32nd Resilience Seminar

Date & time: Oct. 22nd, 16:00-17:30

Place: RIHN Lecture Hall

Title: Vulnerability and Resilience of Canal-Irrigated Agriculture against Floods: The Case of Pakistan

Speaker: Takashi Kurosaki (Professor, Institute of Economic Research, Hitotsubashi University, Tokyo,
JAPAN)

Language: Japanese

[Abstract]

How rural households in canal-irrigated areas in Pakistan cope with flood risk? To
address this question, using panel data of household economies surveyed in 2001 and 2004,
we first associate household-level welfare fluctuations with covariate shocks like floods,
droughts, and pest-attacks. We then extrapolate its implications to the current floods, which
are indeed disastrous and unprecedented. Research proposal concludes the presentation.



List of Working Paper on Social-Ecological Resilience Series

No. 2008-001

No. 2008-002

No. 2008-003

No. 2008-004

No. 2008-005

No. 2008-006

No. 2009-007

No. 2009-009

No. 2009-010

No. 2009-011

No. 2009-012
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Fromthe View Point of Land Tenure and Food Security
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Rapid Environmental Change: Community Adaptation to Climate Variability in
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VOUT VA EEHD VAT AN a v 7 2 BRI R R S, 7« — RN 7
KOF—MEZRFFTCE DL AT LADRES & L TESR I H(Walker 2004), LU 7 o R XAERE
TR, ERRERNRERTER SN TE 2N, ZTOEBRNLRHbIZ NN 0BETH L, &
. EBEBB S COFRBERE LTHEEINDLIDIX, LYY T U AOM&E EBERICA
TG 2R A7 9 5 i EERUIK OIS BE~IGH T 20 A3 E - 72 2 & To 5 (Perrings, 2006;
Miiler, 2008; UNDP, UNEP, WB, WRI, 2008; ICRISAT, 2010), £7/-7 757 I v/ a3 2= 4
WTCTHL VYT RATREE A REME 2 R T AT O DOEERELZDOLE DL L TEZLNTND
(ICSU, 2010),

FRZH 7Y oNT « 7 7 U I O P E BB IR Tl R 72 B 2 2 2 =7 ¢ IXARRE RIS
MK L TAELZEATEY, AN EERRBERHBEL o TWD, A TR E o/t
EPHIIANETEENZ S L CHegs TH D72, RAKEZEITKFET D2 A2 OATFITRELBIZ) LT
fEgsTd v AMttaB LOVERERDBRELZBOZENGECHICHETL L (LYY T
R) BHEBEOHFL D, LU T AOMRICET SikmidinE 10 FRICEAITDNTE D
OO, wEEORBMMERO LY T v AT B EIENIIEILIET IO o T,

MERART AT LOMgtEL LV T 2] (V2T AT ay=r ) TEPreT
DR RIS BT 2 R - EEML VY T VAR REOT o —F 24_E LT (MEEH,
2010), LU T > ADOREFE &2 RERANCTT 5 72012, HEHL B U o A o AR 022 1%
LW XARTL Y VT RAEBEZ LT N, BELEZD, A=/ FTIE, BiEo,
ok, T L THEEE R EORBEESICHT LIV T AE2E 25, -8B BEHE
B fREEIREE, BEEANE AEQOL VYT UAEEZD, BB, ABORERE—T Db
AfE, A, Bk (ANHOZeREZBSFHE 2003) DDV Y VT o AxBEZ D,

AMOBHIT a2y N CTEETHLVY T U ALIMEOT 7u—F 2@l L, 15
AR AT LOEBIZER L THIEDORREZERNT 25D TH D,

LY TPV REH~NDT Fa—F

BIIORUWKDPE Z o 2 BEARIIE, AR T 500N T E a3 I 22T
AL > TCORBERBE L 05 Z &0 6, RGO B AR R IZ & > Tothes -
AR AT LDV VYT AL IX BREZEITKRT D RAHE R OAF MR D BRHEE &
BEERELA¥EDL VYT U AEE XD 2 LIz bliev, xR e T 2 REATIXRICR
XD - WAKREDREFEREICL > THIRR 2 I 2 =7 ¢ B—kRIZH S LB D > 2 ¥ 7 (covariate
shock) TH 5,



LN T AT Y27 hTlE 4007 —< BN HAERH I LRNS, SE8EhhT7T 77—
FTCLIUTURAEMRELTND, LI U T U ARA~OEIER 2T e —F & LT, B
O RENEE L AENRIZORCHAKED Y 2 v 7 NBEET DA D = X LRLCHEZF & L
TLPU T U A%METS (M1), BERICIET —~ 1 TIEA A REDN S EHIALDORRE %
HET 2, 77—~ 2 CIIEEEE - (KE - XK TIEMORENZ0HEL R 5, 77—~ 3 T
EXWHTn, WhRWh, FREIREE LD, EOL bWOREFEEZF M2 NI
fRHT U R O E W 2 e 5, T —~ 4 TIEEFZ2 RIS B 72 AR o 7 & o & JRA
REMPBO AL AT S, MA T, VYU T AORZEMAMELE, BRrRLsicEd
L7217 TS (Bvans et al, 2010), E72, A > FEEEREZR EORBELZR K EF LD

TIE, thxERE T A 7 I(Social-Ecological System: SES)IZBIDIRFE~BITT A AIREME DL H V 155,

¥
BEEARE ET
BErLHE
/ Zan ZAIOL

EREEDEREEER BEHE- REREOEHEER
T—=21: T2
AAZULBSHE D DR — | BRSHE- - IS0 BHED S
&R / Y5 GRRD 673
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T—=3:

EDBBID. BB, EDEHELIZD. EO<HL O EEFRER DD
% SE PEROIFARAAL TRl 8L vE L

B1. LY F o RAREA~ADTIO—F
AR AT LAOEBLLYY TR

2Ly V7oA 7avel NORBHEE LIV TV ADA VT 4 r— X — L HEEY
RLTWDS, F2Z ORIFRESCUKOFEME COMRN, MG, ABNEE. E. 4
AR —ERADHEEZRLTWD, T TEXDLABERI AT A LT, ABIEEIE A LT
BEARRL AT AT D, HECHIEB 2 EOREAS) (T 2L 7 RnkRT)
EHETREINTWD, LY U T U ADA T 45 —X—ThHREHMG ., REHEE . RRHAE,
fREFERIE ((MOL YU T U ANERT) T4 L P TRENTNDS, BEEZORISKANE T 1
V7 FOEEHER LTS, Yuv=Z NOHWIE, VIUTVADAL T 45 —H—
ERIETHZEDHZLT, ZORHOFESCHMIETZAOLNZTHE, ZLTHRLY YT
VADBEZRRFMI o TWDDONERIATHZ EICH D,

BRI BT RN - v 2R TFa~vRo 3 A N THD, REMOERT
& B KM - > H (Valley Tonga) AI% 1959 4ED 4 U RXZ LAORFRITLE S SR AE L W\ ) K& 2tk
DHBHRHAENZ X 6 X #u72(Colson, 1960; Scudder, 1962, 2010), 4 ~ AlZH VU /N5 T



THY ., I VANELERLEINOOEAN EBERPEET S, 4 FBIZEEAZ W EE#T
HY . 1980 FRLLEDOBITF TH D, A FCIX3HEOPT TH i b A E 235O & HEF o b
W@ L. IBRTTH D,

FTEZE D & B AL FE~

REOEE R CIC K 2BELHICL > T, BN LOWNHEENLEH L, EEMICEREHOA
BHILIE ATRerE & W (7)) W Br 525 (K2), FreETmESMNCBIT 2mEDENET
— 2 KA, 1991/1992, 1994/1995, 2001/2002, 2004/2005 4EEAEHIZ K & 72 F2 XS0 %A L T
V)% (Zambia Meteorological Department), PO FE T/ =—=a4F L ZROFITT=—=x
ELERDMEMIZH D (Yatagai AREE), BMWNREIV L ET7OERFERTHDL P VERI Y
R L B~ EENICRELE X TETBY, MEINOBAREOEIAIL, 1991/1992
ERE O R L DRI DERIC 1991 0 79%700 5 1993 4ED 86%IZF T LA Lz, T0%, ER
JE& DAL 2002 EETIZWA L2b 00, HEORITSICIVHIMEB NS AL S5
(Thamana A#HEE), ZOHIKTIHIREETONERTET 2 v 7 THDH OO, 8k 3 EORIE
H12007/2008, 2008/2009, 2009/2010 |XFHAH THEFHE LD b2 W ERNELZ LI LT, BRNEDOZF
AN 3R E 272> Tz (Kanno et al. AEE), bUEra v ORFMEEHA A &M
ICEL TR TIE, IWEDKTARD b, R IXREREEORH 2R L T D Z N
57 ho 72(Shimono et al., AL E), b7 E v 3 VI EIIFE M TITHIECRE I L - TEEL
% F(Miyazaki et al., 2010), HEFIN TIZKANIC L DA A~V A EICE > TRELZIT TV
(Shinjo et al., Miura et al., Sokotela et al., A5 E),
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2007 4 12 A 29 BICHM L WA EINS T v Z =B a2 8o 72, Y v 7 = BRO R
(X 694.9mm (Saeki et al., 2008) THH 23, A FA, B, COHFRTHA N ADBEBERNEILN
BRI T 473 mm Z#FEk L, ZOHKO PR m a I RE elEE B T, #EIL3 o
FTOFAEMO T TIIY A PATROREL, ZOZEROH L, WEEZITIZMO I B 30%0D KM
IFHEFEES L, 54% DM TIX MY Er a v OBFENITONC, A4 FPCTE MYV ERII NS
T~ A TA~OEMTERI TN, BIROKE WY A FCTILEMOMNENNEDOEE) %
HDHRREFEF L TV D Z & D3R S fL7z(Miyazaki; Yamashita; AR S H), SEHITAESR & LT 2008
FEOWNERT & 72> T, REMEHKEEORENEE, BEHFEOKRTAZ 720 Lz, HEMA
RO F—FBREO FNIFIZ N TER TR EDOEMITIKFEL TWND Z ENEEFHED
FERHABNE o7 (Konetal, AMEE), A OREIL, Fie L TREETEH S
D, REIRFEILT A U DR & i35 & BA4fF Th o 7= (Yamauchi etal. AR5 HE), #HHEAL
OEHMEBMY MBI LT, e ) —EBRENFZFHROERZRIIH L L, TOH%O-L VEIEL
TWeZ ERans, RELERHEDOIRTE ELITIKT L, Z OB R E OIE
HWEICLD LYY T U ADERSHTOEE o7, 1FEAEOHRITREY 2 v 7 % OREHY
BORRICIFU EAZELTBY ., FICEREOHEBRIINED Y 3 v 7 ICEEELZTROT N
LIRS T2, 2008 D b T E 1w 3 Y OEAR T I IAEE HECHT O Mk O Siig & L THL
v, BNJE % EE L7 (Sakurai et al. AR5 E),

B a3 2 B DRFHEE & LEFIE DT D DI ITE

R DR O O REHIEE B2 & HEEFITH bW L FREZBRE L THFO /%
RLED ET2, ZOGA, TTAT OBENFHICEROHEELENIZ L > TIEFICERERE
#Aa 72 LT 7e(Kitsuki and Sakurai KA E), MO H &2V OO N, &,
ZEOWEEL FHHOBSEMSEERCEFL WL ELLbBEOEEMRIT RIND
(Miyazaki Rt E), EEL L CORFMHFOPFRGHOSITNE, BRERIZFEZELTIZ
HEZIKTSELHAICH DL —FH, BERRERITFZT> THEZFEELLLTWDL Z Engho
72 (Miura et al. AHEE), 14 FALBICBWTERO%E, HEZIKTIELDOHRR LT,
R EOTDICRETBNERMICKA TS Z L bR SN, £ ORI RE
DB G Z < RoTEY . BHE~DOREN R EI N H(Nasuda et al., KREHF), RFEAE
PHF OB ICAR R T 25613, HHEMABITE B2 EOIFREFEEICEE L TR Z
AR LR ZHERF T2, BIEO0MKIC L 28 ENAE UgE . 2RI X 2 Akl
oL AT DREIRA~DT 7 & R Z {7 5 sk OALRE-CH B 1T O A7 L HERFIZ & » THEE
Thbd, UL, BEEBERIC X 2 &R ORFIILT L BEMEICE > TV ZRWEE B R D
I Hivic(Matsumura A ), BEHEB O L5 b S o AT JT R, BRSO KNS
DFtER Yy NU— 7 NEBEREEZ R L TWD, EFE, BleSominie &2 BonoBlg~Y 7
TAPMTHBRICERERENIEH SN 7 — ARBE I TV D (Ishimoto A HE),

BIXOMICEBVEENMET L2 & LTH, BRI IX S F & F 7o kLB U8 O R 3 TE
AL Tray7nbEEL LS &35, AT, #llk L)L TOERSCAEZEDOEREN A
FEEELHRT L0V T RO ER D, AR — B R LE & & E &4 Hilk
DA a=T IR T D, BIAIE, BEEEBUAT TR AMG L. WIEAREY AT A



WEGWR AU L. AR 2T JIRCGEIEY . =3 X —& LCOH, EIEHK, B#RE
ML EMGT 5,

FAB L OFZO U A7 LK & LT, BT 7 EA~ORIRENRZHETHDL Z LN L
CUVTUADEBERBEZOOE DL 7> TS (FH,2009; Thamana 2007), A#H & EOH TH
KiZ, VYU T UALRS, BRE, AT a v 7 D 3FEBFETHHPIL, & HITHES) & FATHYE G
HES) & HRBIRHLEE T T TV D, BIRA~DT 78 R TBEENSKE, BENSIFEER Y
SFEIEREEVEROEEONKELZE L CTbid, Eoilidh, LUk - HlER &2
L2V, 2%y NU—2 b BHEOT 7 v AZIZEETHDH, 77 U OB, 3R
KEFEOYV A ORHLT, SR EFEIAZICHILINTND, Fra—N"T74E—Ta itk
L HAEAEY) O E RS OB, BURIIZRZE, MBaCRie, THIpTA Gl R EBUR D21
T EHERF Y AT A~ L7 T b7, IERIEIRT 7B AD VAT ADHHET L
VAT LSDOBATIZIINS OO F ¥ R VDORIBEEE (£58F0W) RELNATL (BH, &
W),

Witz —RIZHE S g v 2 & L TDL 2 FEEEN

AV RHHER EORFIT ML a I 2 =7 4 N R LED T 5 v 7 ThH S, 2004
12 A 26 BICHA LIZEBEITA > FIERREICZRBHELZ O Lc, BEEWIWLWA
KT (avy) CH L THAEEREV AT AZTEDLIICRELIZOTHA I, 1> Nt
BRETERLWENREDSTEA R - ZIVF RN - FH T 0 F LTI, BEOBED
FTUA—VICE DRI > THRICE > TH 72 b SNHENBN DS NZT20, Bl
DEEIX 1T HEPD 1VEERETH 7228, ABIEEIE LTORES AT LA~ONALEETH
- 7= (Kume et al., 2009; Kume A#EE), BHOREIIHECTH-72H DD, #EE T AT A D[]
BIZIX3FELZE L Z EBRRHOMEREN S LI >TWD, ZORIEICIES @ TSSO
TFAENEELRZREZ R LTV (Umetsuetal., RIREE) .

LU T U RAZ2ATERICTEZD

AHETIE, 7oy Z MIBTL VYU T v AEAA~OFEIENT 7 v —F OB FEaH %
B L7, PR o BN OAEL W XRTL YV TV RAEE XD, MRERDHD
X BT ORI OFEMTORMAME CHY, HOOEFEAETHD, FRZERTD
DIE, BIFORUKR EBRBEDO Y 3 v 7 22T HORHEE ., ARG, T L TAEoRIE
Thbd, TORICHLNRZ LIX, A DEFEDEHLOF THRARI AT LOLI YT R
EOERICI—A D Z EOBEEERTH D, T2, LY T URAFEET S L GHE - L
V) THU, FEOHMEF (FOXIIELIDN) THY, BHET LA D=L (IR K74
—72D)) THY, TOMIZHEIETL7200RES - FHIC X2 A0 23T
HZEOHEDHER - HIEREORKLE L TEZDIRETH S,

LYY T U ATHREREHRICHT 2857 7 a—F~OREE M < /TREMEZ FFoM& T
& % (Resilience Alliance 2007), Rt DOFHMEL B 2 HBRI2IE, Hx oEFEOL YT 2
XZOHIK A 2 =T A BIROL IV T U ADOEMELE /D, LYY T U AL IS EIE LA
VT OFFGI It R LT D - OIS DN ER T REERNREIO—2TH A I,
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P BT TIIVES B D B~ DN L THE 0, T HESCIEY ~DHE A
YD Z ST ER R A EAE EZ D ETHETH S, VBT BN TIZBIZR O R
KANEAT I D, REARAS T~ ZAND RN D @RI KR Z T B - AT DB KA
%o B> T Y CARMBHBRE OBHEIC L 5 LEERSMEM AT OB E M 721X,
KANDOFELEZE LS EROFMALETH D, EEAREBRER-A LT, 2
JFTRANETDHZ LT, ZOEMEIER S ENTNESINT 2 /MRS D, 22T
AAFGE TITRMBHZRE OBHED LIRS - (FWAEBICERA DB LRI A A~ A&,
KANDOF M L BHEELOE D 2 JICEH Ll L7,

AT BT B EMN AT =L T RT, FEEREKE 792 mm, EFERIKUR 24CTH
DAL NEN S D, RRKIT TEPORERE ENE) 7 Tl 280, 48mX31
mz1l1XE UHHELFER - BHE2HFB 2% 3R E Lz, KANITEXNT/ Sy FRIZAT
7= (Fig. 2), #HE 2 HH O X TIX 2007 4FICAARZ /3173, HHE 1 4 H O X TiX 2008 4F
@A ARSI TAANEIT o2 (Table 1), 3% 2008 4E D ZATIC 0-15 cm &£ T
BER L7228, REbE TIrbn 2 8HE 1 £ 8 O kAKX D F 0-5, 5-10, 10-15 cm % TEHE L
7o WIEBE B IZ BP0 G Ay & - SRR E - TeR) V&L byEnay -
MEDOWMETH D,

FHELHFE B OAKANK T, TEITBRST A A~ ARICLDEELZZT, @A TO LB
FEATOEELVIBENRTEE CER L, TRICHEWVEHBESEER - ARIEY O
MR BNz, FTBRT A A~ ABETREIIE(LITRL, @K - BAZD T ETK
AAVEFED LR L7z 2 & 5 M AR CITI &3 L 7=,

BHE2 FHOAKANKX CEHEFOMBREEREIXLHFER LV ED LR, BHE2HFEE O
KANZZLX LY b@mnoTz, AIFREY VI AKANKOBHE 1 #H - 2 4FH TE{LE T,
RREVMEZ R Lz, WEIZZEKBL (Fig. 3), 2B OBMECINEIT 1 48 XV
LI LHHEODKANTR LK E VKRGS, KA L > TAR &S 2FM[{IT 5 Z &
Wbhmolz, KANZR LXK TIEEEOTOEREHEILE - FIHEY VEN 2FEBITHEML
b b S FINEITHM L2 v> 7= (Fig. 3), 2 FA CHEREEN M YE o a v AFH%
BN L= 72, AP TIZINEEMA A SN eholm L EZ b5,
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