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Preface

Fiscal year 2008 is the second year of five-year RIHN Full-Research (FR) for our project
“Vulnerability and Resilience of Social-Ecological Systems.” Our project is grouped into one of the
members of Ecosophy program under the new five RIHN research programs.

The year 2008 was the year of world financial crisis as well as political transition. The stock price
depreciated tremendously. At the same time, the crude oil price reached 100USD/ barrel in early 2008
hiked up to 139USD/barrel in June and ended up 43USD/barrel in December. In September 2008,
President Levy Mwanawasa passed away in Paris and Zambia elected a new president Rupiah Banda.
The transition to the new regime proceeded quite peacefully. Also the U.S. elected first African
American to be a president.

During the FY2008, project researchers stayed for long-term field research in Zambia. The field
experiment for the impact of various fallow systems on agricultural yield and soil nutrients in the
Petauke District, Eastern Province is underway. In the Sinazongwe District, Southern Province, annual
rainfall for the 2007/2008 cropping season was twice the normal level. The rain gauges and weather
stations we installed in 2007 September to collect farm-specific rainfall and weather information
effectively detected this year’s abnormal weather conditions. The annual rainfall reached 1600 mm in
some areas of our field site. Extensive damage to road and fields are observable. Farmers were trying
to overcome this situation via various coping strategies including shifting cropping patterns. The
intensive household survey is progressing. The land use and forest cover information using satellite
data and aerial photographs as together with intensive ground survey analysis is also underway. We
also launched Resilience Working Paper Series in early 2008 and published them on-line at our project
home page so that information can be easily disseminated to public through the internet. Papers are
contributed both by visiting fellows and project members. Also two interesting working papers by
graduate students were just added to our publication.

Our project has just finished the second year of full-research. We appreciate our project members
for their efforts and contributions to the steady progress of our project. We also appreciate the Project
Evaluation Committee (PEC) members, director, program directors, administrative staff and the
colleagues of RIHN for their kind support and for facilitating this trend setting integrated research
program.

February 2009
Chieko Umetsu

E-04(FR2) 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 analyse 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 analyse its resilience.

3. Research Methods
a. Research Contents and Methodology

The research is organised into four themes focusing on different dimensions of resilience. Theme |
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 Il evaluates household resilience in risky environments in terms of
income-smoothing, consumption-smoothing, and nutrition status. Theme I11 focuses on the institutional
aspects of social resilience in the SAT. It examines how social, political, economic and ecological
changes shape social resilience. Theme 1V 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 2). Minor study areas are located in Burkina Faso, West Africa, and India,
South Asia.

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 I1: Household and community responses to variable environment
Theme 111: Political-ecology of vulnerability and resilience: historical and institutional perspective
Theme 1V: Integrated analysis of social-ecological systems

5. Progress up to Now

During the FY2006 (PR) we focussed on establishing research collaborations with various
institutions in Zambia. During the 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. The surveys of the first cropping season of 2007/2008 were completed. In Kyoto,
Japan, data were compiled into historical tables. The translation Resilience Alliance workbook into
Japanese is under preparation, and methods were discussed for integrating the research outputs to meet
the project’s objectives.

Theme |

A field experiment in Eastern Province, Zambia, commencing in 2007, showed significantly
higher maize yield in tree-burnt areas (comprising 10% of total cultivated area) compared with
non-burnt areas. Field trials at several sites in Southern Province showed that topography significantly
influenced maize yield through water availability. Farmers responded to serious floods by shifting crops
from maize to sweet potato and beans.

Theme Il

In October 2007, at the beginning of the rainy season (2007/08) we commenced weekly
household interviews, body measurements, and rainfall measurements. These continued throughout the
2008 dry season and into the 2008/09 rainy season. We collected and analyzed rain gauge data from
each sampled household’s field during the 2007/08 rainy season and 2008 dry season. Data collected
from the household interviews are under preparation for quantitative analysis.

From September 2007, local meteorological conditions were monitored at our study sites in
Sinazongwe District. Daily precipitation data at three sites showed distinct seasonal variations, and we
defined the 2007/2008 rainy season as being between early December and mid March.

Precipitation varied according to topography, with highest rainfall at a lowland site (1600 mm),
followed by a mid elevation site (1586 mm) and lowest at an upland site (1426 mm). There were



evening precipitation peaks at the lowland and mid elevation sites, but the upland site showed little
diurnal variation. The mid elevation and lowland sites had high evening precipitation compared with the
upland site, contributing to higher total daily precipitation.

There were differences in rainfall ranges between observation points: 176 mm at the upland site,
190 mm at the mid elevation site, and 140 mm at the lowland site. Also precipitation distribution at each
site showed systematic patterns. Precipitation minima were concentrated at the upland site at the centre
of the village, medium values were measured at the mid elevation site, and precipitation maxima were
measured at the southeastern part of the lowland site.

Theme 111

Mr. Nakamura, Ms. Ito, Mr. Ishimoto, and Dr. Okamoto conducted field surveys in Zambia. Mr.
Nakamura studied destructive lumbering activities, Ms. Ito investigated migration patterns, Mr.
Ishimoto researched kinship networks, and Dr. Okamoto focused on interrelationships between people
and cattle to elucidate the complex relationship between social vulnerability and ecological resilience.
Prof. Hanzawa and Prof. Kodamaya continued their study in village C. on the impact of political change
on agricultural production. Prof. Shimada reviewed geographical, political and ecological studies, and
emphasized the importance of textual and historical analysis. Shimada participated in a seminar at
Oxford University, U.K. on “Resilience, realities and research in African environment”, and collated
research on resilience and vulnerability and their application to development assistance.

Theme IV

IV-1 We installed meteorological observation robots and rain gauges to monitor atmospheric
conditions in Southern Province, Zambia in September 2007. We started analysis of objective analysis
data and observational data obtained from the Zambia Meteorological Department.

IV-2 Satellite imagery was obtained from the internet in FY2006. In FY2007, we purchased
additional satellite images, which were captured before and after the agricultural and meteorological
drought conditions in order to identify and quantify land use/coverage. In FY2008 we investigated
agricultural land use in some principal study sites to collaborate with the investigations in Theme I. In
addition, we collected documents and statistical data. Land use analysis using aerial photographs and
GPS observations is currently underway.

IV-3 We collected documents on food security policies of the Zambian government and donors,
and conducted research on the food relief program in Sinazongwe District in Southern Province. The
distribution of food relief itself also can be considered as a shock to the farm households.

IV-4 During the field survey in September 2007, we visited some sample households surveyed
earlier in the year. The 2008 extensive survey results showed that the dominant coping strategy in times
of drought for farm households in Southern Province was skipping meals, and engaging in part-time
work in Eastern Province. We also reviewed Geographic Information System (GIS) analysis methods
for socio-economic data using various land-use modelling approaches.



6. Future Issues
Research Plan until the next PEC Meeting in FY2010
For the next two years of research (FR3, FR4), we plan to conduct the following:

For the entire project

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.

3. For FY2009 and FY2010 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 cropping season should be compared.

5. Coping strategies of farm households for environmental changes will be analysed and assessed
qualitatively and quantitatively.

6. To provide feedback to the local community we started to provide rainfall information for the last
cropping season 2007/2008 to local farmers. We will continue to do so. We will organize two
sessions at the IHDP 7th Open Meeting in Bonn in April 2009 to share our research outcomes with
the academic community.

For research themes
I. The field experiment in Eastern Province is expected to reveal the dynamics of ecological resilience,

while farmers’ responses to variable environments will be understood in the context of Southern
Province ecosystems.

1. Data quality of household interviews should be improved. Delays in data entry and data quality
control (including consistency checks) need to be minimized. In parallel with data collection we are
starting quantitative and qualitative analysis.

I11. Prof. Hanzawa and Prof. Shimada will continue field studies at C. village in Central Province, and
other research team members will continue their studies in Southern Province. One new researcher
is expected to start a long-term field study in a village in the Gwembe Tonga area.

IV. In addition to the baseline satellite and meteorological data acquired so far, we need to obtain
further data sets of different spatial and temporal scales. Satellite imagery and aerial photographs
are now partially available, and we plan to utilize this information together with land use surveys to
characterize land use dynamics and natural resources near Lake Kariba. The study of the
institutional aspects of emergency food distribution is underway. Based on extensive household
survey data, more analysis will be conducted. The collaborative research of other team members
should be accelerated for data integration.



7. 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. Resilience of Social-Ecological System and Four Themes
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Figure 2. Regions of Semi-Arid Tropics and Study Areas
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Vulnerability and Resilience of Social and Ecological Systems Project Progress
Report for Theme |I: Petauke Research Site, Eastern Zambia

M. Mwale, S.B. Sokotela, G.K. Siulemba, and M.J.Malambo
Zambia Agriculture Research Institute, Mount Makulu Central Research Station, Chilanga, Zambia

1. Introduction

The Vulnerability and Resilience of social and ecological systems in Zambia are being
studied in the context of climate change as it affects both the social and ecological factors in a
given local environment. Vulnerability and resilience research studies with themes I, 11, 11l and
IV aim to serve to develop a comprehensive methodology for assessing social-ecological resilience.
Theme | main focus is on soils and forest resources to analyze ecological resilience.

In the Agro-Ecological Region 11 (medium rainfall zone) of Zambia this is being conducted as
part of the ecological resilience and sustainable productivity agriculture demonstration in a
Miombo woodland ecological system at Mwelwa village in Chief Sandwe’s area, Petauke District,
in the Eastern Province.

Whilst the theme 11 focus is to conduct intensive interviews with village farm households and
communities to identify factors of social resilience, historical, land tenure systems, government
policy change effects on a natural environment and socio-political factors constitute subjects for
focus in theme |11, as theme IV deals with the use of statistics and remote sensing data to help trace
long term changes in soils, forests, and analyze climatic data like rainfall, temperature, wind
direction and speed including measurement of sunshine hour periods, through the establishment of
Automatic Weather Stations in selected research sites.

The objective for this report is to present the progress of the activities of the ecological
studies of the programme being conducted by research scientists from the Zambia Agriculture
Research Institute Department of the Ministry of Agriculture and Co-operatives, over the period
from April 2007, to November 2008, with the main focus on the theme I. The programme
activities are being carried out in eastern Zambia located within the village of Headman Mwelwa,
Chief Sandwe, Petauke District.

2. Materials and Methods

To effectively implement and undertake the Vulnerability and Resilience Research Project in
Zambia, three main methodological approaches were adopted. For the Themes | and I, the
Research Institute for Humanity and Nature (RIHN) of Japan in conjunction with other
collaborative institutions such as Kyoto University, Ministry of Agriculture, Fisheries and Forestry
(MAFF) in Japan, and others, together with the Zambia Agriculture Research Institute (ZARI)
Department of the Ministry of Agriculture and Co-operatives (MACO) of Zambia and other
partners, such as the University of Zambia (UNZA), Survey Department, Central Statistical
Office, (CSO) undertook to establish respective memoranda of understanding (MoUs) to facilitate



carry out the various activities of the Vulnerability and Resilience Research studies in Zambia.

Out of three main target study areas of the Social and ecological Resilience, one is the soils
and forest ecological research at the Petauke site area in the Eastern Province of Zambia, and will
be the subject of this report.

2.1 Soil and Ecological Research at Petauke, Eastern Province

In collaboration with the RIHN Resilience Research Project, the ZARI Department
researchers commenced to conduct experiments and demonstrations for soil fertility restoration and
sustainable agriculture at Mwelwa village, Chief Sandwe, in Petauke, Eastern Province.

The studies are aimed to use agro-forestry and green manure plant cultivation in an integrated
soil fertility management agricultural system introduction to benefit local farmers, the ecology and
soil resources, at the same time help promote both social and ecological resilience through
increased soil and land resources productivity, without impairing the ecological environment
nature.

2.1.1 Location and Site Characterization

The research site in Mwelwa village is located some 38 Km north-east of the Petauke
township, along the Sandwe-Ukwimi Settlement scheme road, with geographical co-ordinate
location at approximately 14° 55’ S and 31° 25’ E at an elevation about 980 m above mean sea level.
The area falls within the Agro-Ecological Region lla, (Veldkamp et al., 1984), which is
characterized by medium rainfall precipitation of about 900 mm in an average year. Like most of
Zambia the area falls in a sub continental and subtropical savanna climatic, and vegetation
conditions, respectively.

The main local vegetation comprises the Miombo woodland (Forestry Department, 1974),
dominated by the Brachystegia genera trees and Hyperhania grass species. The geology in the area
lies within the Mvuvye Paragneis and Minga Granites rock formations. These consist of a variable
sequence of biotite-gneisses and granulites. One of the commonest rock types is medium grained
mafic gneiss composed of quartz, sodic plagioclase and biotite (Drysdall, 1960). The soils in the
area have been generally described as to include very deep to deep, well drained, strong brown to
red, friable, moderately leached fine loamy to clay, classified as Chromi-haplic LIXISOLS (Soil
Survey Unit, 1991).

Prior to establishment of the research plots detailed site characterization were conducted
including the determination of soil spatial variability, topographical and botanical spatial
variability assessments (Noro, 2007). The main soil types were classified as Typic Plinthustalfs.

2.1.2 Evaluation of Agro-Forestry Plants for Soil Fertility Restoration and Enhancement of
Sustainable Agriculture

The ZARI Department researchers selected two fast growing agroforestry plant species,
namely; Grilicidia sepium (Grilicidia) and Cajanus cajan (Pigeon pea) and two green manure
plants represented by Mucuna repensis (Velvet bean) and Chlotolaria juncea (a Sunnhemp) to



undergo experimentation and demonstrations to evaluate their effectiveness in enhancing soil
ecology resilience as measured by their efficacy in soil fertility restoration for enhancement of
sustainable agricultural practices. Three specific objectives were to be investigated
1) To demonstrate the named plant species in soil fertility improvements for improved short
fallow agricultural technology practices,
2) To measure soil properties dynamics and characteristics that occur as a result of defined
practices in land use and imposed field practices and
3) To assess any socio-economic impact of (long-term) benefit achieved on adoption of the
technologies by various households and community, thereby re-enforcing social and
ecological resilience concept and principles.

2.1.3Experimental Design
The field trial was laid out in a Completely Randomized Block Design (CRBD) with three

replications at a sub-plot size of 20 x 20 m? (Figure 1).

Fligure 1: ZARI Research Plot Layout, Mwelwa Village

F D A C B E
13 14 15 | 16 17 | 18
R A
A C D E B F
o 12 11 10 9 8 7 N
A B E C F D A
D 1 2 3 4 5 6

Note: A = Treatment; 1 = Sub-plot No. 1

2.1.4 Experiment Treatments

The following treatments were imposed:

A Grilicidia sepium fallow (GSF)

Maize continuous fertilizer (MCF)
Native Forest fallow (NFF)
Maize, no Fertilizer (MOF)
Green Manure fallow (GMF Mucuna and Chrotolaria)
Cajanus cajan fallow (CCF)

M m g o0

Notes:

a) At the time of implementation each sub plot measuring 20 x 20 m® was soil sampled at two
depths, the top soil at 0 — 20 cm and the subsoil at 40 — 60 cm depths, respectively. Each soil
sample was taken for soil laboratory analyses for pH, Bases, CEC Organic Carbon, total
Nitrogen, available Phosphate and Particle Size Distribution (PSD).

b) Gliricidia was initially raised in nursery beds, and later planted into the field from potted
seedlings at the spacing of 1 x 1 m®*  The spacing for Pigeon pea in the field was the same as
for Gliricidia, but the crop was direct planted in the field by seed.



¢) A hybrid maize variety MM 604 was used as a test crop and planted at the spacing of 90 cm
between rows and 25 cm between stations within the rows. Fertilizer application rate
followed the LIMA recommendation of 4 x 50 Kg/ha Compound D (10N, 20 P,0s, 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 was left without carrying out any land clearing or preparation. The
bush was left in the virgin state as it was found before implementation of the experiment.

e) The green manure plot was split by planting one half with Velvet bean and the other with
Sunnhemp. These are considered to give similar effects and were also introduced for seed
multiplication purposes and comparison for soil vulnerability and resilience factors.

f) On all the cultivated plots land preparation consisted of cutting down 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 activities were instituted and included replanting,
weeding and scoring for disease, pests, etc. Grain yield and Stover were harvested in Maize
plots and measured by weight to determine the yield performance. Pigeon pea seed was
harvested from dry pods later in the dry season at the time when fields were being protected
from fire by clearing the fire breaks around all trial plots.

3. Results and Discussion

In the current results presentation no attempt has been made at any statistical data analyses,
since this first progress report mainly serves as a record of raw data observed and collected during
the course of and after year 1 of the implementation of the experiment and demonstration activities.
The study is scheduled to last for at least four years at the end of which a final report will be
compiled. However, from year 2 more comprehensive data generation is expected, and then the
results are to be treated with appropriate analytical tools.

3.1 Soil and Ecological Resilience Studies, at Petauke
Progress monitoring and evaluation on the ZARI plots was carried out early in March and the
following field observations were made.
1. Between mid-December, 2007 and the end of February, 2008 most of the experimental plots
suffered from incidences of attacks by pigs, goats and cattle from surrounding villages (Table 1)

Tablel: Incidence of Pigs, Goats, Cattle and Wild Rabbit (Hare) attack on experimental crops
at Mwelwa Village Research Site, Petauke.

Pigs Goats Cattle Hare

Incidence of
attack (%) 40 25 18 17




2. Crop performance observations were related to general crop stand, vigour, pest, disease and/or

observed nutrient deficiency (Table 2).

Table 2: Observed Crop Performance, Petauke Research Site, 2007/08

Crop Establishment, Pest type, | Disease type, | Nutrient Other remarks
crop stand, | severity severity deficiency
vigour
Maize Medium; milk | Goats 70% Necrotic GLS | Chlorosis, Weed pressure,
with stage, small to | Pigs 5% (few) N (yellow) Too much
fertilizer medium cob size | Mice  20% Streak virus | P (purple) Rain
(MCF) formation Cattle 5% (isolated) Mg (green | (January)
veins in leaf)
Maize Generally small, Goats 60% GLS mild | Widespread N | As above
without stunted;; nothing | Pigs  20% Necrosis -Chlorosis;
Fertilizer to small cobs Cattle 10% Few signs of
(MOF) P Deficiency
Grilicidia | Good survival rate | Very slight black | Not observed Not observed | Resilient to pest
(90%) aphids - damage once
(GS) established
Pigeon pea | Very good, | Goats Not observed Not observed | Very good
survival rate (98%) | Cattle establishment
(CO) Hare
Pig
Velvet Medium good | Non observed Non observed Slight Yet to fully
bean cover and growth yellowing establish; planting
was late
(V VB)
Sunnhemp | Good Severe by Goats, | Not observed Not observed | Very vulnerable to
establishment, Hare/rabbits and attack due to good
(SNH) severely attacked other rodents (> palatability ~ for
90% wiped out) goats and Hares
Native Some mushrooms
fallow Bush fallow N/A N/A N/A growing in
association  with
(NC) rotten woody
materials
Notes

1. It was noted that continuous heavy rainfall in January soon after top dressing in maize may

have induced loss of nitrogen (N) in the MCF treatment.




2. Replanting was necessary for all maize plots due to mice rodents attack at germination. In
Grilicidia it was necessary to replant to gap for failure of initial establishment due to dry
weather experienced at the time of transplanting in late November to early December 2007.

3. A serious source of concern was the high incidence of domestic stock attack, despite
employing two full time guards for the security of the crop and the experiments in general.

4. The following interim recommendation was made to be observed in the meantime to the time
the crop was to be safely harvested and all the necessary data collected by researchers.

a) The need to slash around all the trial plots for crop hygiene

b) To clearly label all treatments with bill boards for identification of experiment treatments
and for the work to be informative.

¢) The need to protect all the experimental plots from roaming, or stray livestock (and
possible theft by people). It may be necessary to re-enforce a mesh wire fence barrier to
stop/prevent access by pigs, goats and cattle to trial fields, or otherwise, boost security
patrol intensity by employing more guards.

d) Fire breaks must be established early. Ox-ploughing along the experimental site perimeter
up to five (5) metres wide should be established. At the same time all subplots must be
protected from fire, especially during the dry season, after the crop is harvested. This was
to be done soon after harvesting in May-June, 2008.

e) The vulnerability of sunnhemp by animals was a source of concern in the introduction of
the green manures technology. The Velvet bean should be evaluated more closely in this
context as it seemed to provide greater resilience potential than Sunnhemp, and a decision
should be made to remove it all together from the trial, so that the Velvet bean can cover the
entire plot as the sole green manure demonstration.

3.2 Soil Laboratory Analytical Results

Composite soil samples were taken from all the experimental plots at topsoil (0-20 cm),
subsoil (40-60) depths. Exchangeable bases (Ca, Mg, K, Na), soil pH (CaCl,), Organic Carbon (C),
Nitrogen (N) and Cation Exchange Capacity (CEC) including Phosphate are the soil properties to
be used as estimation measurements for the soil fertility status (Table 4). The current results were
taken prior to planting the trial, representing the virgin state of soil fertility of the land.

At the tome of reporting the soil laboratories were yet to analyse for available Phosphate
(P,Os) by the Bray 1 procedure. Similarly, the soil Cation Exchange Capacity (CEC) results had
not been received. However in terms of soil chemical properties, the soil reaction condition may be
described as strongly to medium acid (pH 5.1 — 5.7), with a medium exchangeable Bases content,
but low in soil organic matter content and low total soil Nitrogen (N) composition. General
indications are that the soils at the research site may be characterized as of low-medium soil
fertility status.



Table 4: Soil laboratory analytical results

Plot | Treatmen | Depth | Exchangeable Bases CEC Org.C | Total | Avail.
t N P
Units (cm) Ca Mg K Na pH (cmol | % % (ppm)
(Ca | Kg?
Cly)
1 MCF 0-20 2.0 04 0.56 | 0.52 5.3 0.87 0.06
40-60 | 15 0.6 0.90 | 0.22 5.9 0.17 0.02
2 VGF 0-20 2.9 0.5 0.72 | 1.22 5.3 0.53 0.05
40-60 | 2.2 0.8 1.01 |0.35 5.5 0.10 0.02
3 NFF 0-20 2.0 0.7 0.72 | 0.01 5.3 0.88 0.07
40-60 | 14 0.7 0.89 | 0.01 5.1 0.21 0.02
4 CCF 0-20 1.9 0.6 0.64 | 0.01 5.3 0.48 | 0.04
40-60 | 0.9 0.4 049 | 0.01 5.2 0.18 | 0.01
5 MOF 0-20 2.3 1.2 0.77 | 0.04 5.2 1.14 0.10
40-60 | 1.8 0.7 0.90 | 0.01 5.3 0.54 | 0.04
6 GSF 0-20 2.7 0.5 0.66 | 0.04 51 1.08 |0.08
40-60 | 2.5 0.6 0.77 | 0.04 54 0.61 | 0.05
7 CCF 0-20 2.6 0.6 0.61 | 0.13 5.1 1.21 0.10
40-60 | 25 0.7 0.74 | 0.30 55 0.54 0.05
8 MCF 0-20 16 0.5 0.59 | 0.09 5.3 1.04 0.08
40-60 | 1.9 04 0.59 | 0.52 54 0.66 0.05
9 VGF 0-20 21 0.7 049 | 0.17 5.6 1.33 0.11
40-60 | 1.6 0.5 0.74 | 0.22 54 0.77 0.06
10 MOF 0-20 14 0.6 0.74 | 0.17 5.3 1.48 0.09
40-60 | 2.6 0.4 0.90 | 0.65 5.3 0.55 | 0.05
1 NFF 0-20 1.2 0.5 0.59 | 0.66 5.3 1.09 |0.08
40-60 | 2.5 0.6 059 |1.13 5.7 041 | 0.04
12 GSF 0-20 15 0.6 0.82 | 0.22 5.2 121 | 0.09
40-60 | 1.7 0.5 0.82 | 0.13 54 0.66 | 0.05
13 CCF 0-20 1.3 0.7 0.74 | 0.53 5.3 1.49 0.11
40-60 | 1.8 0.5 0.90 | 0.43 5.3 0.54 0.05
14 MOF 0-20 15 0.6 0.64 | 1.00 5.2 1.31 0.10
40-60 | 3.1 0.7 0.77 | 0.43 5.2 0.67 0.05
15 GSF 0-20 24 0.8 1.00 | 0.70 5.2 1.33 0.09
40-60 | 21 0.8 0.99 | 0.61 5.5 0.66 0.05
16 NFF 0-20 16 0.7 0.74 | 0.04 5.5 1.23 0.10




40-60 | 2.3 0.4 0.66 | 043 5.6 0.52 0.05
17 MCF 0-20 45 1.0 0.66 | 1.26 5.7 121 0.08
40-60 | 2.3 04 1.00 | 0.65 55 0.44 0.03
18 VGF 0-20 24 0.6 0.72 | 0.26 5.3 1.10 0.08
40-60 | 21 0.5 0.61 | 0.19 5.2 0.28 0.03
CCF Cajanus cajan fallow (Pigeon pea)
GSF Grilicidis Sepium fallow (Grilicidia)
MCF Maize with fertilizer continuous

3.3 Crop Performance for Maize

The maize crop was harvested on 27th March 2008. Maize harvest data were measured
both in the field to obtain biomass weight, and at the laboratory to estimate the grain yield,
and then to compare both parameters for the effects of cultivation without fertilizer and with
fertilizer (Table 3)

Table 3a: Maize harvest data biomass (Field) per plot

Plot No | Treatment | # Cobs | Wt. of Cobs (Kg) | Wt Stover (Kg) | Biomass Wt. (Kg)
8 MOF 136 6.6 9.9 16.5
17 MOF 81 5.9 6.4 12.3
1 MOF 121 6.1 6.1 12.2
Av. MOF 112.7 | 6.2 74 13.7
5 MCF 160 12.2 254 37.6
10 MCF 124 6.2 11.8 18.0
14 MCF 138 111 11.2 22.3
Av. MCF 140.7 | 9.8 16.1 25.9

Table 3b: Maize grain yield data

Plot No | Treatment | Grain Yield Mass (Kg) | Moisture (%) | Grain Yield/Plot | Yield (Kgha-1)
8 MOF 3.852 124

17 MOF 4.297 11.3

1 MOF 3.403 11.9

Av. MOF 3.851 11.9 3.076 769

5 MCF 5.009 12.6

10 MCF 4,572 12.0

14 MCF 4.529 12.2

Av. MCF 4.703 12.3 4.125 1031




Notes:
1. Harvest area: 2x2 M2 x10 = 40 M2
2. MCF = Continuous Maize with Fertilizer
3. MOF = Continuous Maize without Fertilizer

4, Discussion and Recommendation

4.1 Soil Properties

Soil chemical properties represented by soil reaction conditions are strongly to
medium acid (pH 5.1 — 5.7), with a medium exchangeable Bases content, but low in soil
organic matter content and low total soil Nitrogen (N) composition. General indications are
that the soils at the research site may be characterized as of low-medium soil fertility status.

4.2 Maize Crop Performance

In general the maize crop performance appears to have been rather suppressed as
observed by chlorosis symptoms, indicating low Nitrogen intake during crop plant growth.
This may be attributed to high amounts of rainfall received during the season. However in
terms of grain yield, the continuous Maize with fertilizer treatment out yielded the one
without fertilizer by at least 25 %. The result represents a first season crop and an
abnormally higher than usual rainy season.

4.3 Agro-Forestry and Green Manure Technology Demonstration

The establishment for both the Grilicidia and Pigeon pea plots was successful. The
pigeon pea plants were able to flower during the dry season (July to September 2008), and a
small amount of pulse grain was harvested. Yield quantities will be measured in the second
season (Year 2) of plant growth.

Whereas both the green manure plants of Velvet bean and Sunnhemp established
successfully, a set back was experienced with the Sunnhemp as it was wiped out from all
the plots, having been grazed by wild rabbits (Hare) and other rodents such as mice.
Subsequently a decision was reached to phase out the Sunnhmp, and instead to plant all the
green manure plots with Velvet bean 100 % in the coming seasons.

The second season (Year 2) trial crop of maize has been planted during the last week of
November 2008 as adequate rains for planting were received in the area. The Velvet bean

green manure crop was planted at the same time.
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Off-Farm Labor Supply as a Risk-Coping Strategy
-Preliminary Evidence from Household Survey in the Southern Province, Zambia-

Takeshi Sakurai
Wako University, Machida, Tokyo, Japan

Abstract

This report presents the results of preliminary analyses of household survey data collected for
Theme 2 of the RIHN’s Resilience Project so that it would convey the idea as to what kind of
research output can be expected. From the viewpoint of “resilience”, it is very important to
investigate how a farm household recovers its consumption from a shock that negatively affects its
income and hence reduces its consumption. If the recovery is quick, such a household is
considered to be resilient relative to those who have difficulty in recovering consumption level.
Theme 2 aims to provide the evidence of the household-level resilience and to examine its
determinants based on the survey data of 48 sample households spread over three agro-ecologically
distinctive zones in the Southern Province of Zambia, where variable precipitations often cause
shocks at farm household level.

It is well known that rural households in Sub-Saharan Africa have adopted a variety of ex ante
as well as ex post risk response strategies so that consumption be smoothed in the presence of
various shocks. Household survey of Theme 2 is designed to deal with all the potential strategies
at household level. Among them, this report focuses on off-farm economic activities since they
are significant sources of household income in the study site.

Time allocation to 6 categories of activity at household level (hours per day per adult) were
obtained from weekly interview on household members’ daily time use, and then the average time
used for each activity and its variance were compared over the three periods in cropping season:
planting season (period 1), before harvest season (period 2), and after harvest season (period 3).
It is found that significantly longer time is used for agricultural work in period 1 than other periods,
while time used for non-agricultural work is significantly longer in period 3 than other periods.
Even in period 3, some households do not increase time allocated to non-agricultural work, while
the others increase it. As a result, the variance in time allocation to non-agricultural work is
significantly larger in period 3 than other periods. These findings may suggest that some (not all)
households use non-agricultural work as an ex post risk-coping strategy to respond to crop
production shock in the previous cropping season. However, the findings are not sufficient to
conclude it: it is necessary to separate ex ante portion of non-agricultural work from ex post
portion of non-agricultural work, and to test if ex post non-agricultural work actually smoothes
consumption. Such robust analyses remain for future studies. The on-going weekly interview of
the household survey together with daily precipitation recorded at plot level as well as weekly
body measurement of household members will constitute a rich dataset to investigate
household-level resilience in variable environment.



1. Introduction

From the viewpoint of “resilience”, it is very important to investigate how a farm household
recovers its consumption from a shock that negatively affects its income and hence reduces its
consumption. If the recovery is quick, such a household is considered to be resilient relative to
those who have difficulty in recovering consumption level. Theme 2 of the RIHN’s Resilience
Project aims to provide the evidence of the household-level resilience and to examine its
determinants based on the data collected from sample households in the Southern Province of
Zambia, where variable precipitations often cause shocks at farm household level.

It is well known that poor households in developing countries, particularly in Sub-Saharan
African countries, adopt various ex ante as well as ex post strategies in the variable environment,
where insurance and credit markets have rarely developed (Dercon, 2005). Those strategies
include ex ante crop and income diversification, ex post off-farm economic activities including
temporary migration, assets typically livestock sales, and receiving gifts and remittances.
Relative importance among the strategies should depend on household’s characteristics as well as
socio-ecological environments. Socio-ecological environment determines local off-farm income
opportunities such as natural resource collection, off-season gardening (which is considered to be
an off-farm activities), gift-receiving from neighbors, and so on, and consequently should affect
the choice of strategies. In spite of the adoption of various strategies, consumption cannot be
unaffected in the presence of frequent shocks (Dercon, 2002). Particularly in the case of
covariate shock such as drought, informal risk coping mechanisms that depend on neighbors are
not effective because many households within a certain region suffer simultaneously, and as a
result the reduction of consumption level is not only severer but also more persistent (Hoddinott
and Harrower, 2005 and Dercon, Hoddinott, and Woldehanna, 2005). It is still unknown, however,
what makes farm households resilient in such cases.

Household survey of Theme 2 is designed to deal with all the strategies mentioned above and
to investigate their impact on income/consumption smoothing. Among them, this report focuses
on off-farm economic activities since in the study site, the Southern Province of Zambia, they are
significant sources of household income. Rose (2001) analyzed off-farm labor supply of
agricultural households under rainfall risk in India, and showed that households more relying on
rainfall (i.e. with greater risk) were more likely to participate in the labor market (ex ante response)
and that unexpected low rainfall also increased labor market participation (ex post response). As
such, Rose’s analysis distinguishes ex ante and ex post off-farm labor supply, but it considers a
single labor market outside the farm without making distinction between agricultural employment
and non-agricultural employment. On the other hand, Ito and Kurosaki (2006) categorized
agricultural household based on the type of work, i.e., self-employment in agriculture,
self-employment in non-agriculture, wage work in agriculture, and wage work in non-agriculture,
and analyzed labor supply in relation to rainfall risk in India. They showed that rainfall risk
increased households’ participation in non-agricultural off-farm wage work much more than
agricultural off-farm wage work because agricultural wage is negatively affected by the rainfall
risk. However, unlike Rose (2001), Ito and Kurosaki (2006) do not distinguish ex ante and ex



post labor supply. Hence, this report makes the distinction of off-farm labor supply between
agriculture and non-agriculture as well as between ex ante and ex post.

Moreover, in the study site, or in Sub-Saharan Africa in general, labor markets either
agricultural or non-agricultural have not developed well, and hence farm households rely almost
exclusively on self-employment, which situation is unlike in India where the data used by Rose
(2001) and by Ito and Kurosaki (2006) were collected. Because of the relative relevance of
non-agricultural self-employment, this report considers natural resource collection and grazing as
separate categories from off-farm labor supply. In terms of risk coping, natural resource
collection and grazing may have different effects: labor supply to the former activity will have an
immediate impact on household consumption as it brings something edible directly back to home,
while the latter activity is itself just an asset-keeping and does not generate revenue unless
livestock is sold. In addition, if a farm household depends on human networks as risk coping
strategies, investment in social capital is also critical (Sakurai, 2006). Since one way to
accumulate social capital is to participate in social activities such as church activities, this report
regards time spent for social activities as risk-responding labor supply (at least potentially).

2. Study Site and Data

The study site of the Resilience Project Theme 2 is located in “Sinazongwe area” of the
Southern Province, Zambia. The Sinazongwe area consists of three distinctive zones in terms of
not only agro-ecology but also historical settlement pattern: namely lower slope flat land zone near
Kariba lake, middle slope zone, and upper slope flat land zone. We carried out a rapid extensive
survey over the three zones, and conducted a group interview in intentionally selected 17 villages
to gather village-level information. Out of the 17 villages surveyed, 5 villages representative of
the diversity of the study site were chosen. In the lower slope flat land zone, two contrasting
adjacent villages were selected: one has been originally located in the current location and the
other was relocated to the current location due to the construction of Kariba dam in the 1950°s.
The two villages together are named site A. In the middle slope zone, most villages were newly
established during the 1990’s by migrants from the populous lake side zone. Since each village in
this zone is relatively small, two adjacent villages were selected to have enough number of
population from which we would sample, and were together named site B.  As for the upper slope
flat land zone an old village that has been receiving immigrants from the lake side zone were
selected as site C. Administratively, sites A and B belong to Sinazongwe district, while site C
belongs to Choma district.

Then, population census was carried out in July and August 2007 in the three sites. The
results of the census are reported in Sakurai (2008a; 2008b). Census information was used for the
sample selection so that the sample households are representative of agro-ecological diversity in
each site. Based on the census, 16 households in each site, thus 48 households in total were
selected. Household survey including weekly interview on household members’ time allocation
started just before the onset of the rainy season in November 2007. The household survey is still
going on at the time when this report is being written in December 2008. Hence, this report



presents only the results of preliminary analyses of household survey data: that is, characteristics
of the sample households as of November 2007 and the change of time allocation pattern during
the rainy season of 2007/08.

Table 1 Characteristics of Household Heads and Wives as of November 2007*

Site A (Low) Site B (Middle) Site C (High)

Male Household Heads

Number of Spouses per Head 1.31(0.48) 1.31(0.48) 1.57 (0.94)
Year of Birth 1969 (13) 1968 (14) 1971 (14)
Number of School Years Completed 6.2 (2.7) 3.4 (3.4) 5.1(2.9)
Total Number 13 16 14
Female Household Heads
Number of Spouses per Head 0 (0) NA 0 (0)
Year of Birth 1946 (4.9) NA 1963 (8.5)
Number of School Years Completed 2.0 (3.4) NA 2.0 (2.8)
Total Number 3 0 2
Household Head’s Wives
Year of Birth 1975 (8.1) 1975 (9.4) 1971 (14)
Number of School Years Completed 4.0 (2.2) 2.5 (3.0) 4.2 (2.8)
Total Number 17 21 22

! Standard deviations are in the parentheses.

3. Characteristics of Sample Households

Table 1 shows some characteristics of the head and its spouses of sample households. Out of
48 sample households, 43 households are headed by a male. Although most of the farmers in the
study site identify themselves as Christian, polygamy is often practiced even by Christians, and
hence average number of wives is more than one in each site. Male household heads in site C
have more wives than those in other sites, which probably reflects relatively favorable agricultural
environment in site C. Average age of male household heads does not differ much among the
three sites as shown in the Table 1, but average school years completed are different. While male
household heads in site A are relatively more educated, those in site B are relatively less educated
on average. This implies that less educated people tend to settle in the escarpment area like site B
and/or highly educated farmers may not stay long in the unfavorable area and are likely to move
out.

On the other hand, female household heads are either divorced or widowed, and consequently
relatively more aged than male household heads on average. In addition, these female heads are
less educated. The low human capital endowment among them may be either because they are
female or because they are old. If they are compared with the wives of the male household heads,
it is confirmed that females are generally less educated than males and that relatively old females
are less educated than relatively young females: as shown in Table 1, wives’ age on average is the



same or younger than that of their spouses, and wives’ education level on average is much lower
than that of their spouses. Among the wives, those in site B is the least educated. As discussed
above, people that have settled on the slope are not highly educated.

Table 2 Occupations of Male Household Heads (Nov. 2006 — Oct 2007)*

Site A Site B Site C

Primary Occupation  Secondary Occupation (Low) (Middle) (High)
Agriculture (self) None 6 6 5
Agriculture (employed) 1 0 1
Non-Agri. (self) 4 10 7
Non-Agri. (employed) 2 0 0
Non-Agri. (self) None 0 0 0
Agriculture (self) 0 0 1
Agriculture (employed) 0 0 0
Non-Agri. (employed) 0 0 0

Total Number 13 16 14

! The figures in the table are the number of male household heads.

Table 2 presents a summary of occupations of male household heads. The information is
based on the questions on the primary occupation as well as the secondary occupation of each
household heads in terms of time use during the last one year, i.e. from November 2006 to October
2007. As shown in Table 2, the occupations of male household heads are one of agricultural
self-employment, employment in agricultural sector, non-agricultural self-employment, and
employment in non-agricultural sector, or two of them. Although there are 5 other selections in
the questionnaire: domestic work/helping household, student, retired, before schooling age, and not
working due to chronically ill, none of them were chosen by male household heads. The results
indicate that all the male household heads except one in site C are self-employed in agriculture as
the primary occupation, and that 17 of them do not have any secondary occupation, while 21 of
them are engaged in non-agricultural self-employment as a secondary occupation. As shown in
Table 1 male household heads in site B are the least educated among the three sites, but Table 2
shows that the rate of engagement in non-agricultural self-employment is the highest in site B. It
is because they are practicing lumbering thanks to relatively rich timber resources around site B.
On the other hand, employment, in either in agricultural sector or non-agricultural sector, is not
common among the male household heads in the study site.

In Table 3 female household heads (the number is only 5 as shown in Table 1) and the wives of
male household heads are combined together, and their occupations are presented. They are
based on the same information as in the case of male household heads. Table 3 indicates that all
the females except for three in site C also mention agriculture as their primary occupation. As for
their secondary occupation, “no secondary occupation” comes first then domestic work. Unlike



the case of males, non-agricultural self-employment is not so common. Although the distinction
between “no secondary occupation” and domestic work is not very clear, it is possible for some
females to do little of domestic work since other females such as co-wives, sisters, children are
available in the households. Finally, employment is rare among females just like in the case of
male household heads.

Table 3 Occupations of Female Household Heads and Head’s Wives (Nov. 2006 — Oct 2007)*

Site A Site B Site C
Primary Occupation  Secondary Occupation (Low) (Middle) (High)
Agriculture (self) None 12 10 12
Agriculture (employed) 0 0 0
Non-Agri. (self) 2 3 4
Non-Agri. (employed) 0 0 0
Domestic Work 6 8 5
Domestic Work None 0 0 0
Agriculture (self) 0 0 2
Agriculture (employed) 0 0 1
Non-Agri. (employed) 0 0 0
Domestic Work 0 0 0

Total Number 20 21

()
~

! The figures in the table are the number of female household heads and head’s wives.

4. Time Allocation

Now the question is how a household allocates its time between sectors, i.e. agriculture and
non-agriculture, as well as between periods, i.e. ex ante and ex post. In order to answer it,
household time allocation pattern is calculated from the information obtained by the household
weekly interview. The weekly interview asks a one-week recall on daily time use for 7 categories
of activity (agriculture, non-agriculture, natural resource collection, grazing, domestic work, social
activities, and education) of each household member including children. This question about time
use does not distinguish between employment and self-employment in the case of agriculture and
non-agriculture, and this report follows such categorization of activities. This cannot be a serious
problem since employment is rare in the study site as shown in Tables 2 and 3. Moreover, the
weekly interview has another set of questions about the type of work done, which enables us to
make a distinction between employment and self-employment although this report does not do it.

Table 4 presents average time allocated to 6 categories of activity for the 16 sample households
in site C. Due to time constraints for preparing this report, only site C data are analyzed here.
The following remarks on Table 4 need to be noted. First, it limits to adult household members,
the definition of which is one whose age is above 12 as of October 2007 when the survey started.
By this definition, adult household members include not only the head and its spouses, whose



characteristics are summarized in Tables 1, 2, and 3, but also other adults living in the same
household. Some of the adults are students and are going to school. Students above the age of
12 are counted as adults by the definition, but time spent for education (one of the 7 categories as
given above) is not included in total work time. Consequently, Table 4 has only 6 categories of
activity. As for time period, Table 4 divides one cropping season into three periods so that ex ante
and ex post impact of weather shock can be distinguished. Period 1 is the beginning of 2007/08
cropping season, where ploughing and sowing are the main activities. Period 1 in Table 4 covers
4 weeks from the middle of November to the middle of December in 2007. Period 2 is a
pre-harvest period, by which most cropping activities have been completed. Period 2 in Table 4
covers 4 weeks from the middle of February to the middle of March in 2008. Period 3 is the
period of after-harvest. Period 3 in Table 4 covers 4 weeks from the middle of April to the middle
of May in 2008. Then, for each period and for each household, average time allocated to each
category of activity per day per adult is calculated. Finally, the average and the standard
deviation of the household-level figures are obtained, and presented in Table 4. Because of some
missing data, time allocation is obtained only for 10 households out of 16 in Period 1, and 14
households out of 16 in Periods 2 and 3.

Table 4 Household’s Time Allocation among Various Activities (hours per day per adult)*

Period 1 Period 2 Period 3
Nov-Dec 2007 Feb-Mar 2008 April-May 2008
Total Work Time 5.74 (1.41) 4.84 (1.77) 5.39 (1.55)
Agricultural Work 2.28 (0.78)* 1.53 (0.77) 1.71 (1.09)
Non-agricultural Work® 0.26 (0.21)? 0.16 (0.13)" 0.88 (0.75)*"
Natural Resource Collection 0.24 (0.16) 0.14 (0.15) 0.18 (0.24)
Grazing” 0.23 (0.23) 0.51 (0.49) 0.56 (0.74)
Domestic Work 2.20 (1.27) 2.02 (1.35) 1.62 (0.96)
Social Activities 0.51 (0.41) 0.47 (0.35) 0.48 (0.47)
Number of Households 10 14 14

! Standard deviations are in the parentheses.

4 Two averages are different at the significance level of 5% by paired sample T-test.

® Two averages are different at the significance level of 1% by paired sample T-test.

*The variances of three periods are different at the significance level of 1% by Levene test.

With respect to household time allocation, the following points are salient in Table 4. First, as
discussed with Tables 2 and 3, agricultural work uses most of the household work time, but
domestic work is almost equally significant in terms of time allocation. Second, since natural
resource collection, grazing, and social activities are not considered as occupations, they do not
appear in Tables 2 and 3. But they are as important as non-agricultural work in terms of time
allocation. Third, as expected, longer time is used for agricultural work in period 1 than other
periods. Statistical tests show that difference in the amount of time spent for agriculture is
significant between periods 1 and 2. In period 3 there is still agricultural work: some of the



households continue harvesting and post-harvest processing, others work in gardens for vegetable
production using residual moisture near streams. Fourth, also as expected, time allocation for
non-agricultural work is much larger in period 3 than other periods. The difference is statistically
significant between periods 1 and 3 as well as between periods 2 and 3.  Fifth, time allocation for
other activities also shows some tendency. For example, time used for natural resource collection
is the largest in period 1; time spent for grazing is the smallest in period 1; and time for social
activities does not change much over the periods. However, the differences in time use for natural
resource collection and grazing are not statistically significant, as indicated in Table 4. Sixth,
total working time is lower in period 2 where there is not much work for agriculture, although the
difference is not statistically significant. If total time per day given to an adult household
member is assumed to be 8 hours, the residual of working time can be considered as leisure. And
hence, Table 4 indicates that household adult members tend to have more leisure in period 2 than
other periods on average.

As discussed above, total working time is variable depending on the period. Hence, instead
of absolute hours spent for each activity, Figure 1 shows time share of each activity in total
working time. Figure 1 confirms that time share of agricultural work declines over the three
periods, while that of non-agricultural work increases in period 3. Figure 1 also shows that time
share of domestic work does not change in the first two periods but sharply reduces in period 3.
Although this report does not provide rigorous analyses, Figure 1 seems to suggest that
non-agricultural work and domestic work are competing for household time in period 3.

Fig. 1 Time Allocation during Cropping Season
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Time allocation pattern differs in each period not only in terms of average time used for each
activity but also in terms of variation of time use among sample households. As shown in Table 4,
variances are significantly different in the case of non-agricultural work and grazing: variation
among households in time use is much larger in period 3 than in other periods. These results can
be graphically confirmed in Figures 2 and 3. Each line in the figures corresponds to a sample
household. Figure 2 shows that some households do not seem to increase time allocated to



non-agricultural work even in period 3, while the others increase it. In addition, several
households sharply increase time allocation to non-agricultural work in period 3, which may create
the huge variation in period 3 compared with other periods. This result may suggest that some
(not all) households use non-agricultural work as a risk-coping strategy to respond to crop
production shock. Figure 3 is for grazing. It shows that some households increase grazing time
in period 3, while other households decrease it. Considering that grazing itself does not produce
immediate revenue, incremental time allocation to grazing after harvest may not be a risk-coping
behavior. The determinants of grazing time remain to be a topic of future research.

Fig. 2 Time Used for Non—Agricultural Work per Day per Adult
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Fig. 3 Hours for Grazing per Day per Adult
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Figures 4 and 5 are the case where the variances do not significantly differ over the three
periods. Figure 4 shows time allocated to agricultural work, indicating that the majority of
households reduce time used for agricultural work in period 2, which causes the significant smaller
average hours in period 2 than in period 1 as shown in Table 4. Interestingly enough, in period 3,
some households increase time allocation to agricultural work, while others decrease it. As a
result, the standard deviation increases in period 3 (although statistically not significant), but the



mean value in period 3 does not change significantly. Thus, Figure 4 implies that for some
households agriculture in period 3 (i.e. vegetable production in gardens) may be an ex post risk
coping strategy in the case of crop failure. However, it does not exclude the possibility that the
practice of dry season agriculture is determined by other factors such as access to water sources
than crop failure in the previous cropping season. Total working time shown in Figure 5, on the
other hand, does not show any particular pattern of change over the three periods except for the
slight decline in period 2, which is also observed in Table 4. However, looking at each line in
Figure 4 reveals that some households increase total working time in period 3, while others
decrease it. Thus, it is hypothesized that those who increase total working time in period 3, may
be engaged in risk-coping activities, either agriculture or non-agriculture, while those who
decrease total working time in period 3, do not necessarily have to conduct any coping in period 3
and hence enjoy leisure. Testing these hypotheses is out of the scope of this report and remains
for future research.

Fig. 4 Time Used for Agricultural Work per Day per Adult
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Fig. 5 Total Working Time per Day per Adult
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5. Future Direction

Table 4 and Figure 1 in the previous section together indicate that agriculture is the single
dominant economic activities during cropping season, while the significance of non-agricultural
work increases after harvest. These results might suggest that non-agricultural work is an ex post
risk coping strategy after having a shock in crop production. However, in order to conclude it, it
is necessary to provide evidence that households having suffered a shock in crop production in
periods 1 and 2 increase non-agricultural work in period 3. Moreover, it is necessary to separate
ex ante risk management from ex post risk coping, because a household who is vulnerable to
external shock such as drought may expect a shock and allocate more time to non-agricultural work
as an ex ante strategy, which does not depend on crop production performance in previous periods.

The household survey of the Resilience Project Theme 2 makes it possible to investigate these
points because it has data of daily precipitation recorded on each sample household’s plot and
because the survey will continue for at least three years to construct a panel dataset. The former
feature of the household survey enables us to deal with rainfall as an idiosyncratic shock because
observed rainfall level varies significantly even within a site.  Thus, if incremental time allocation
to non-agricultural work in period 3 depends on the plot-specific rainfall received in the field, such
non-agricultural work can be considered to be an ex post coping. But as discussed,
cross-sectional comparison using only one season data is not sufficient to separate ex ante risk
management. With this regard, the latter feature of the household survey will help us to eliminate
ex ante portion of non-agricultural work because it can be treated as a household fixed effect in
panel data.

In this short report, labor supply as risk responses is the only concern. However, as stated in
section 1, “resilience” requires consumption smoothing in variable environment. In this sense, it
is necessary to test if such labor supply responses really smooth income and hence consumption.
The household survey collects weekly information on household’s income and consumption.
Particularly, as consumption indicators, the survey asks not only the amount of food consumed, but
also cash and in-kind expenditures in a week. Moreover, household members’ body weight and
fat thickness are measured every week. Such a rich dataset is being constructed and remains to be
analyzed in future research.

6. Conclusions

Theme 2 of the RIHN’s Resilience Project aims to provide the evidence of the household-level
resilience and to examine its determinants based on household survey conducted in the Southern
Province of Zambia. This report presents only the results of preliminary analyses of household
survey data collected during the first cropping season of 2007/08, focusing on labor supply as risk
responses. It is found that significantly longer time is used for agricultural work during planting
period, while time used for non-agricultural work is significantly longer after harvest. Even in
the after harvest period, some households do not increase time allocated to non-agricultural work,
while the others increase it. As a result, the variance in time allocation to non-agricultural work
is significantly larger after harvest than before harvest. These findings may suggest that some



(not all) households use non-agricultural work as an ex post risk-coping strategy to respond to crop
production shock in the previous cropping season. However, the findings are not sufficient to
conclude it: it is necessary to separate ex ante portion of non-agricultural work from ex post
portion of non-agricultural work, and to test if ex post non-agricultural work actually smoothes
consumption. Such robust analyses remain for future studies. The on-going weekly interview of
the household survey together with daily precipitation recorded at plot level as well as weekly
body measurement of household members will constitute a rich dataset to investigate
household-level resilience in variable environment.
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Abstract

Zambia has been facing erratic and poor distribution of rainfall in many parts of the
country, particularly the low-veldt areas of the southern, western and north-western provinces.
In October 2007, we started a longitudinal survey of growth and nutritional status, monitoring
local people dwelling in five villages located in the Sinazongwe district in the southern
province of Zambia, in order to examine the influence of decreased water and food availability
caused by drought.

We report on the nutritional status of adults and children and 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. More than 70 % of adults were classed as 'normal' in terms of their
body mass index (BMI), which suggests that the nutritional status of adult subjects was
generally good. Adults who live on the lower flat land were relatively taller and heavier than
their counterparts living on the middle slopes and on the upper flat land. In contrast to the
adults, the growth and nutritional status of children were poor. Compared with US reference
data, the height and weight of the children was approximately equal to or less than the 3rd
percentile of the US population. Moreover, the nutritional status of children was worse than
that of adults. Thirty-five percent of boys and 45 % of girls were classed as 'underweight'.

It is expected that with the increase in available data in the future, it will be necessary to
adjust the figures reported here. In addition, when sufficient data has been obtained for each
individual, it will be possible to conduct not only cross-sectional analyses, as in this report,
but also longitudinal analyses. These will enable us to examine in more detail the influences
of environmental change, particularly rainfall, on the growth and nutritional status of adults

and children.

1. Introduction

Geographical variation in the amount of rainfall influences the quality and location of
vegetation, and rain stimulates changes in livestock nutrition and productivity. In particular,
drought causes water shortages and decreased availability of food, which affects the health
and nutritional status of local residents. Thus it can be said that rainfall is indirectly linked to
the health and nutritional status of the people.

Zambia has been facing erratic and poor distribution of rainfall in many parts of the

country, particularly the low-veldt areas of the southern, western and north-western provinces



(Yamauchi 2007). In October 2007, we started a longitudinal survey of growth and nutritional
status, monitoring local people dwelling in five villages located in the Sinazongwe district in
the southern province of Zambia, in order to examine the influence of decreased water and
food availability caused by drought (Yamauchi et al., 2008).

This report aims to examine the nutritional status of adults and the growth of children in
the initial stages of the survey, as well as to compare the growth and nutritional status of

subjects living in the three contrasting ecological zones.
2. Subjects and Methods

2.1 Village Location and Subject Households

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

In this article, adults are defined those older than 18 years and children as 18 years old or

less. For children, those whose ages were not known were excluded from the analyses.

2.2 Anthropometric Measurements

The details of the anthropometric measurements are given elsewhere (Yamauchi et al.,
2008). I explain them briefly here.
2.2.1. Height

Height was measured at monthly intervals. Height was measured to the nearest 1 mm
using a wall mounted metal tape measure (200 cm in height), specially made by a local
carpenter.
2.2.2. Weight

These measurements were done at weekly intervals. Body weight was measured to the
nearest 0.1 kg using battery-operated digital scales. In this paper, we limit the report to height,
weight and body mass index (BMI = weight (kg) / height (m)?).
2.2.3. Determining the Nutritional Status of Adults and Children, and the Growth of Children

The adults' nutritional status was defined based on their BMI as 'underweight (BMI <
18.5)", 'normal (BMI = 18.5 - 25.0)' or 'overweight (BMI > 25.0)' (WHO, 2000). For children,
the sex- and age-dependent BMI cut-offs proposed by the International Obesity Taskforce
(IOTE, Cole et al., 2000, 2007) were used to classify each child as 'underweight', 'normal’, or
'overweight' in the same way as the adults. Furthermore, the height and weight of the children
were plotted on US reference growth data (percentile curves, Centers for Disease Control and
Prevention (CDC) 2000).



2.2.4. Statistical Analyses

Sex difference was examined using the unpaired t-test, and regional differences were
evaluated with analysis of variance with multiple comparisons (Tukey HSD test). All analyses
were conducted with the JMP statistical package (SAS Institute, Cary, NC, USA) with

statistical significance assigned at P < 0.05.

3. Results and Discussion

3.1. Sample Sizes for Anthropometric Measurements

The sample sizes for height, weight and BMI are shown separately for adults (Table 1A)
and children (Table 1B). The sample sizes were almost balanced among the three ecological
zones in both adults and children for both sexes. Adult sample size varied between 113 (for
BMI) and 140 (for weight). The sample size was larger for children than for adults, even
though those children whose ages were not known were excluded from the analysis. We expect
to obtain more data in the future by improving the data input and obtaining more age

information for the children.

Table 1A Sample size (adults > 18 years)

Sex Zone Age Height Weight BMI
Men Lower 17 15 20 15
Middle 18 19 28 19

Upper 20 21 21 20

All 55 55 69 54

Women | Lower 21 20 22 18
Middle 13 17 22 17

Upper 25 25 27 24

All 59 62 71 59

Total 114 117 140 113

Table 1B Sample size (children < 18 years)

Sex Zone Age Height Weight BMI
Boys Lower 28 26 28 25
Middle 28 26 28 26

Upper 30 27 29 26

All 86 79 85 77

Girls Lower 26 26 26 26
Middle 21 19 21 19

Upper 30 27 30 27

All 77 72 77 72

Total 163 151 162 149




3.2. Nutritional Status of Adults
Table 2 shows the mean and SD of height, weight and BMI of the adults by sex. The mean
age was not significantly different between men and women. Significant sex differences were

found in that men were significantly taller and heavier than women.

Table 2 Physical characteristics of adults

Age (year) Height (cm) Weight (kg) BMI
Mean SD Mean SD Mean SD Mean SD
Men 33.1 13.8 165.3 9.0 54.3 9.1 19.7 2.4
Women 35.6 13.2 156.7 5.5 51.5 7.5 20.9 2.9
P NS < 0.0001 0.0455 0.0183

In contrast, the average BMI of women was higher than that of men. The mean BMI fell
between 18.5 and 25.0 in both sexes, suggesting that the nutritional status of the adults was
generally good. Individual BMI values revealed that 28 % of men and 15 % of women were
classed as 'underweight (BMI < 18.5)' and no men and 7 % of women were classed as
'overweight (BMI > 25.0)'".

Regional differences in height, weight and BMI of the subjects were compared among the
three zones (Fig. 1). Significant group differences were found in height and weight (P < 0.05
for both measurements). According to multiple comparison analysis, the lower zone women
were significantly taller than the middle zone women (P = 0.020), and the lower zone men
were significantly heavier than the upper zone men (P = 0.024). These results suggest that
subjects living on the lower flat land had a larger physique than the other two groups. In
contrast, no significant difference was observed in BMI among the three ecological groups.

This might be due to the offset of height and weight in calculation of the BMI.
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3.3. Growth in Children

The heights and weights of different age groups and sexes are shown by sex in figures 2
(height) and 3 (weight). Five percentile curves for height (50th, 25th, 10th, 5th and 3rd), and
four for weight (50th, 25th, 10th and 3rd), taken from US reference data (2000 CDC growth
charts, Kuczmarski et al., 2002) were superimposed on the graphs. The smoothed curves from
the Zambian data (broken lines) correspond to approximately the 3rd percentile of the US
reference data for both height and weight in boys, and weight in girls, but the smoothed curve

for height in girls was below the 3rd percentile of the US data (Fig. 2).
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Table 3 shows the nutritional status of children based on their BMI. Based on the age-
and sex-dependent BMI cut-offs proposed by the IOTF (Cole et al., 2000, 2007), 35 % of boys
and 45 % of girls were classed as 'underweight'. The results of both the growth curves and the
BMI indicate that the nutritional status of children in this study was poor and that they might

be suffering from low food availability and unfavorable environmental conditions.



Furthermore, the proportion of ‘underweight’ children was higher than in adults (28 % and
15 % in men and women, respectively), suggesting that under-nutrition was more severe in

children than in adults.

Table 3 Nutritional status of children based on BMI (%)

Underweight Normal Overweight All
Boys 34.7 58.3 6.9 100.0
Girls 44.6 44.6 10.8 100.0

4. Summary and Future Perspective

Unfortunately, we have limited data at present, due to a delay in the input of data to computers
in Zambia. In addition, the available data is not systematic and the sample size differs among
the various anthropometric measurements (see Table 1A,B). Using these limited data, we
report on the nutritional status of adults and children and the growth status of children in the
initial stages of a longitudinal survey of people living in three ecologically contrasting zones
in Zambia.

More than 70 % of adults were classed as 'normal' in terms of their BMI, which suggests
that the nutritional status of adult subjects was generally good. Adults who live on the lower
flat land were relatively taller and heavier than their counterparts living on the middle slopes
and on the upper flat land. In contrast to the adults, the growth and nutritional status of
children were poor. Compared with US reference data, the height and weight of the children
was approximately equal to or less than the 3rd percentile of the US population. Moreover, the
nutritional status of children was worse than that of adults. Thirty-five percent of boys and
45 % of girls were classed as 'underweight'.

It is expected that with the increase in available data in the future, it will be necessary to
adjust the figures reported here. In addition, when sufficient data has been obtained for each
individual, it will be possible to conduct not only cross-sectional analyses, as in this report,
but also longitudinal analyses. These will enable us to examine in more detail the influences
of environmental change, particularly rainfall, on the growth and nutritional status of adults
and children. We are also conducting household interviews to obtain socio-economic
information at the same time as obtaining the anthropometric measurements. We will be able
to clarify individual households’ strategies to cope with future variation in rainfall, and
analyze the socio-economic information together with the individual longitudinal data on

growth and nutritional status.
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Abstract

Local meteorological observations were made in the Sinazongwe District, Zambia, from
September 2007. This study investigates the rainy season of 2007/2008, which was defined as
occurring between early December and mid March. Daily precipitation data at three sites reveal
distinct seasonal variations. The amount of precipitation amount was large at site B (mid
elevation, 1586 mm) and site A (low elevation, 1600 mm), and lower at site C (high elevation,
1426 mm). There were precipitation peaks in the evenings at sites B and A, but this diurnal
variation was indistinct at site C. Therefore, the differences in the amount of precipitation
between site C and sites B and A may be produced by the evening rain.

The understanding of the local village people was that the amount of precipitation in the
highlands is higher than in the lowlands. However, the observational data showed the opposite
distribution. This difference between perception and observation may be due to higher land
temperature and solar radiation in the lowlands than the highlands, causing faster evaporation of
soil moisture in the lowlands.

Each site had large variations amongst the observation points. Differences between maximum
and minimum precipitation were 176 mm at site C, 190 mm at site B and 140 mm at site A. The
precipitation distribution at each site showed systematic patterns. At site C, points of low
precipitation tended to concentrate towards the center of the village. At site B, the amount of
precipitation was related to altitude. At site A, points of high precipitation tended to lie in the
southwest. Seasonal cycles in precipitation were found to be closely connected with seasonal
changes in surface meteorological parameters. Some parameters, including temperature, wind
and solar radiation, showed differences between the three sites. The observations will continue in
order to develop a better understanding of the climate of the research area.

1. Introduction

According to Lekprichakul (2006), there have been six droughts in Zambia over the past 18
years (1991/1992, 1994/1995, 1997/1998, 2000/2001 and 2004/2005), and agricultural products
such as maize have suffered dry weather damage. On a broader scale, the semiarid regions of
West Africa have also suffered major drought and famine twice since the 1970s. Famine occurred
in the Sahel from 1972 to 1974 and from 1983 to 1985. Several researchers have sought to
determine the mechanism of rainfall variability giving rise to famine conditions (Folland et al.,
1986; Fontaine and Janicot, 1996; Hastenrath, 1990; Lamb, 1983; Lamb and Peppler, 1992). Le



Barbe et al. (2002) recently investigated rainfall variability in West Africa using high-resolution
data, presenting the spatial extent and structure of rainfall on intraseasonal and decadal time
scales

The recent changing climate conditions attributed to global warming have heightened the
importance of meteorological study in semiarid areas. In meteorological and agricultural studies,
both accurate meteorological observations and comprehensive investigation of farming
production are required, necessitating both simulation and fieldwork. However, in comparison
with developed countries, the meteorological observation networks in developing countries
typical of semi-arid regions are sparse and the range of observation parameters is limited. The
deficiency in meteorological T
data is exacerbated by the :
difficulty in performing
fieldwork in such countries.

This  study aims to
understand the meteorology in
the  Sinazongwe  District,
Zambia. A field program was
undertaken and meteorological
parameters were observed from
September 2007. This study
analyzes this meteorological

data for the rainy season of

i i

2007/2008. Fig. 1: Photograph of the meteorological observation station
at site C (Siachaya Village).
2. Meteorological Observation Methods

Two meteorological observation robots were installed at Siachaya Village (site C) and
Sianemba Village (site A). Observations began in mid September, 2007. Figure 1 shows a
photograph of the station at site C. Meteorological observations of air temperature, air pressure,
relative humidity, solar radiation, precipitation, wind direction and wind speed were made at 30
minutes intervals and stored by a data logger. Wind direction was recorded as instantaneous
values, whilst the other meteorological elements were recorded as 30 min means for the 30
minutes prior to data logging. The station was powered by a solar-charged battery and installed in
a wide bare area in the center of the village. Problems at site C meant that the relative humidity
data was observed only at site A over the study period. Equivalent potential temperature and
absolute humidity were calculated from air temperature, relative humidity and air pressure.

A total of 38 rain gauges were installed at sites C, B and A, 16 at each site. Figure 2 shows a
photograph of a rain gauge, which was fixed in the ground with metal pole and cement.
Precipitation data were recorded at 30 minutes intervals and automatically stored in the data
logger. This study uses hourly and daily means calculated from 30 minutes interval data.



3. Temporal Variation and Distribution of Precipitation
1) Temporal Variation in Precipitation

Figure 3 shows the daily mean and accumulated precipitation at site C from October 10,
2007, to April 30, 2008. Four observation points failed and were excluded from the statistical
analysis. The total amount of precipitation in the rainy season of 2007/2008 was 1426 mm. First
rain was observed on November 6, and then continuous rain occurred from December 4 onwards.
At the end of December, high precipitation was observed and accumulated precipitation abruptly
increased. From early January, the rain was continuous but the amount of daily precipitation
tended to decrease. Precipitation was interrupted in the later half of February and then started
again in early March. The rainy season ended on March 17.

Figure 4 shows daily mean and accumulated precipitation at site B. Three observation points
were excluded from the analysis. The total amount of precipitation was 1586 mm, 160 mm more
than site C. First rain was observed on November 6, and then continuous rain occurred from
December 5. The time series of daily precipitation show similar variations to site C. The date of
first continuous rain and the end of the rainy season on March 18 were both one day later than site
C.

Figure 5 shows the daily mean and accumulated precipitations at site A. Five points were
excluded from the analysis. The total amount of precipitation was 1600 mm, 174 mm more than
site C. First rain was observed on November 6, and then continuous rain occurred from December
6. The time series of daily
precipitation show similar
variations to sites C and B, but
the date of first continuous rain
was two days later and the end
of the rainy season one day
later than site C.

Therefore, the precipitation
at the three sites showed
closely corresponding temporal
variation and the rainy season
in 2007/2008 can be defined as
between December 4-6 and

March 17-18. The total amount
of precipitation at site C was
10 % less than at sites B and A.

Fig. 2: Photograph of a rain gauge used in this study.
The data logger is installed inside the gauge.
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Fig. 3: Daily mean and accumulated precipitation at site C from October 10
2007 to April 30 2008. Precipitation was averaged over 12 data points.
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2) Precipitation Distributions

Figures 6, 7 and 8 show the precipitation distributions at sites C, B and A, respectively. At
site C, points of low precipitation (less than 1300 mm) tended to concentrate at the center of the
village and points of high precipitation (more than 1300 mm) surrounded these. At Site B, points
of high precipitation were located to the west, which is mountainous and high altitude, implying
that precipitation distribution at this site may be related to altitude and the topography. At Site A,
points of higher precipitation were located to the southwest. Site A is flat land along the river, so
this distribution was not related to the topography. Other factors such as the route of
cumulonimbus and showers may be responsible for this distribution at site A.

Figure 9 shows average, minimum and maximum precipitation and standard deviations at
each site from October 10 2007 to April 30 2008. Since the number of precipitation points differs
at each site, the standard deviations should be used as a rough estimate. Each site had large spatial
variation between the observation points. The differences between maximum and minimum
precipitation were 176 mm at site C, 190 mm at site B and 140 mm at site A. The standard
deviations were small at site A and large at sites B and C, which may be due to the complicated
topography at these sites.

Figures 10 and 11 show the relation between precipitation and altitude at the sites B and C.
At site B, precipitation and altitude showed a clear correlation: higher elevation sites tended to
have higher precipitation, and the correlation coefficient is 0.54. However, at site C, there was no
correlation between elevation and precipitation. This is an important difference as the topography
of both sites is mountainous, suggesting that another factor may be affecting the precipitation
distribution at these two sites.

3) Hourly Variations of Precipitation

Figure 12 shows the hourly accumulated precipitation from October 10, 2007 to April 30,
2008 at each site. Distinct diurnal variations were present at site A with low precipitation between
03:00 and 05:00 and high precipitation between 16:00 and 18:00. These evening rain are most
likely produced by convective rain. Site B showed similar diurnal variations in hourly
precipitation to site A, but with high precipitation between 17:00 and 18:00, one hour shorter than
site A.

On the other hand, diurnal variations were indistinct at site C and there was no precipitation
peak in the evening. This may mean that the convective rain that produces high precipitation at
sites B and A does not extend to the highlands. This leads to two hypotheses; 1) The lower total
amount of precipitation at site C than at sites B and A may be due to the lack of high precipitation
in the evening at site C, 2) The high evening rain may be the cause of the relation of precipitation
distribution with topography at site B and lack of high evening rain may make such a relation
ambiguous at site C
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Fig. 6: Precipitation distribution at site C. Precipitation was summed for
September 15 2007 to April 30 2008. Red marks indicate precipitation
over 1500 mm, yellow marks over 1400 mm, blue marks over

1300mm and white marks indicate lack of data.
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Fig. 7: Same as in Fig.6 except for site B. Red marks: precipitation over
1600 mm, yellow marks: over 1500 mm, blue marks: over 1400 mm.
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4. Meteorological Observation Station Data
In this section, daily and hourly variations of the meteorological parameters other than
precipitation at sites C and A are discussed.

1) Temperature

Figures 13 and 14 show temporal variations in temperature at sites C and A from September
15, 2007, to April 30, 2008. At site C, the daily mean temperature was around 25 °C and the daily
range was around 12 °C before the rainy season (Fig. 13). From the beginning of rainy season,
both temperatures and the daily range decreased simultaneously until late January. Through
February, both temperatures and the daily range rose again, but to less than before the rainy
season. In March, temperatures decreased to around 20 °C on average with a maximum of 25 °C
and a minimum of 15 °C.

At site A, the temporal variations in temperature were similar but with values about 5 °C



larger than at site C (Fig.14). The maximum temperature occasionally reached around 40 °C
before the rainy season.

Figure 15 shows the lapse rate of daily mean temperatures between sites C and A.
Temperature lapse rate was calculated by using height difference between the sites (1090 m at
Site C minus 515 m at Site A =575 m). In October and April, the lapse rate was around 0.5 °C.
This is almost the same as the moist adiabatic lapse rate at 0.5 °C, implying that stratification may
be stable before and after the rainy season. During the rainy season, the lapse rate was around
0.8 °C and sometimes reached around 1.0 °C. Since the dry adiabatic lapse rate is about 1.0 °C,
stratification was sometimes absolutely unstable and may produce unstable conditions through
the rainy season.
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Fig. 13: Time series of maximum, average and minimum temperatures and
the daily range at site C from September 15 2007 to April 30 2008.
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Fig. 15: Temperature lapse rate (“C/100 m) between sites A and C.
2) Wind

Figures 16 and 17 show hourly wind speed and direction at site C from September 15, 2007,
to April 30, 2008. The wind speed was generally weak during the rainy season and relatively
strong before the rainy season (Fig. 16). The average wind speed during the observation period
was 1.5 ms™. Maximum wind speed was less than 5 ms™ and not strong compared to mid-latitude
areas. Wind direction was concentrated around 60 degrees (ENE) and 120 degrees (ESE) (Fig. 17).
Figure 18 shows hourly mean wind speed and direction at site C. Distinct diurnal variations in
wind speed were present. These were weak (1.0 ms™) from evening to morning (19:00 to 07:00)
and strong (over 2.0 ms™) from 09:00 to 16:00. There were no distinct diurnal variations in wind
direction.

Figures 19 and 20 show hourly wind speed and direction at site A. The wind speed had
similar temporal variations to site C, but the average wind speed was lower at 1.3 ms™ (Fig. 19).
Wind direction concentrated around 120 degree (ESE) and 240 degree (WSW) (Fig. 20). The
wind direction from the WSE is along a mountain ridge and the ESE wind direction is from
Kariba Lake. Figure 21 shows hourly mean wind speed and direction at site A. Both wind speed
and direction had clear diurnal variations: from 20:00 to 07:00, the wind speed was low and the
wind direction was 120 degree (ESE) and from 09:00 to 18:00, the wind speed was over 1.5 ms™
and the wind direction was around 240 degree (WSW). This means that at night, weak wind blows
from Kariba Lake, and in the daytime, relatively stronger wind blows along the mountain ridge.

3) Solar Radiation

Figures 22 and 23 show daily solar radiation at sites C and A. At site C, daily solar radiation
was around 25 MJ before the rainy season and then decreased to around 10 to 20 MJ until late
January. In February, it rose to around 20 to 25 MJ and then decreased again in March. These
changes were nearly simultaneous with the precipitation variations (see Fig. 3). After the rainy
season, solar radiation gradually decreased, caused by seasonal change of solar altitude. At site A,
the seasonal change in solar radiation was nearly the same as at site C, but the values in rainy
season were higher than at site C (Fig. 23).

Figure 24 shows the time series of solar radiation at sites A and C and the difference between



them. Both before and after the rainy season, solar radiation was generally higher at site C than at
site A, but during the rainy season, values at site A were distinctly higher than at site C. In mid
January, the difference reached over 10 MJ. These differences in solar radiation in the rainy
season are likely produced by the distribution and height of clouds: during the rainy season, high
altitude areas may be frequently covered by orographic clouds that block solar radiation.
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Fig. 16: Hourly wind speed (ms™) at site C from September 15 2007
to April 30 2008.
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Fig. 22: Time series of daily solar radiation (MJ) at sites C.

The nine day running mean is also shown.
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Fig.23 Same as in Fig.22 except for site A.
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Fig. 25: Time series of relative humidity (%) and mixing ratio (g kg) at site A.
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Fig. 26: Time series of equivalent potential temperature and potential
temperature (K) at site A.

4) Humidity

Figure 25 shows the time series of relative humidity and mixing ratio at site A. Before the
rainy season, relative humidity was about 30 to 40 %. It then rose abruptly with first rain on 6
November. The next abrupt rise was on December 5 with the start of continuous rain. During the
rainy season, relative humidity was around 70 to 80 %. It decreased after the rainy season, but it
did not return to the level observed before the rainy season. This was due to the temperature
decrease after the rainy season.

Seasonal variation of the mixing ratio was similar to the relative humidity, however the
values before and after the rainy season ware nearly the same. During the rainy season, the
mixing ratio was stable around 16 to 19 g kg™. Since the seasonal change of mixing ratio was
symmetrical from September to April, the amount of water in the air was the same before and
after the rainy season.

Mixing ratio & ke)



5) Potential and Equivalent Potential Temperature

Figure 26 shows the temporal variation of potential and equivalent potential temperature at
site A. Equivalent potential temperature showed a distinct seasonal change and potential
temperature did not. Equivalent potential temperature can be used to define the air mass
characteristics and vertical stability. In the continuing fieldwork, the rainy season relative
humidity at site C will be observed and the equivalent potential temperature and mixing ratio at
the two sites can be compared.

5. Discussion and Conclusion

Local meteorological observations were made at three research sites in the Sinazongwe
District, Zambia from September 2007 onward. The rainy season of 2007/2008 was defined as
occurring from early December to mid March. The amount of precipitation was lower at the high
elevation site (site C) than the mid elevation (site B) and low elevation (site A) sites. There were
precipitation peaks in the evening at sites B and A, but diurnal variation was indistinct at site C.
The difference in the amount of precipitation between site C and sites B and A may be produced
by this evening rain.

Each site had large spatial variations in precipitation between the observation points. The
differences between maximum and minimum precipitation were 176 mm at site C, 190 mm at site
B and 140 mm at site A. Also, precipitation distribution showed systematic patterns at each site.
At site C, points with low precipitation tended to concentrate in the center of the village. At site
B, precipitation was linearly related with altitude, and at site A, points with high precipitation
tended to lie in the southwest.

The temporal variation in temperature showed a distinct seasonal change and temperatures
were about 5 °C higher at site A than at site C. The lapse rate between the two sites was large
during the rainy season, indicating that that the stratification around the research sites tended to
be unstable at this time.

Wind speeds at the two sites were not strong compared to mid latitudes. There were distinct
diurnal variations with wind speeds faster in the daytime and slower at nighttime. Wind direction
at site A also had distinct diurnal variations, with the wind coming from the ESE (along a
mountain ridge) in the daytime, and from the ESE (from Kariba Lake) at nighttime. At site C,
diurnal variation in wind direction was not clear.

Solar radiation at sites C and A decreased during the rainy season and was higher at site A
than at site C. Relative humidity and the mixing ratio showed distinct seasonal change
simultaneous with precipitation, but relative humidity was not the same before and after the rainy
season. The mixing ratio indicated that the amount of water in the air was the same before and
after the rainy season. Equivalent potential temperature showed distinct seasonal variations at
site A. Over the next rainy season, relative humidity data at site C will be measured, allowing
analysis of differences in the air masses between the two sites.

The village people had the impression that the precipitation was higher at the highland site



than at the lowland site (Kanno, 2008). However, the observational data showed the opposite
tendency. Their false impression may be because at the lowland site, temperature and solar
radiation were larger than the highland site, leading to greater evaporation of soil moisture.

The period of rainy season, the amount of precipitation and its distribution have been
defined based on only one year of observations. The meteorological observations should be
continued to better the understanding of the local meteorology.
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Introductory analysis of social vulnerability in rural Africa

Shuhei Shimada
Graduate school of Asian and African Area Studies, Kyoto University

Abstract

Because of multiplicity of meaning, the vulnerability theory has not been recognized useful in
practical analysis. However, it is widely acknowledged that the term vulnerability will have fertile
possibility in the areas of interdisciplinary research for poverty issue and agricultural sustainability
in Africa. .

I reviewed some of works on vulnerability to turn up relevant definition of vulnerability in the
context of African rural society. Then | tried to interpret the cause and process of increased
vulnerability of some farmers seen in the field study in three African countries, Nigeria,
Burkina-Faso and Zambia. The findings show that vulnerability of individuals, households and
communities is intricately interrelated and interacted. Labor migration from Burkina-Faso to the
southern countries, for example, that has helped to mitigate vulnerability of households in drought
prone area was abruptly stopped by the expulsion of foreigners from Ivory Coast in 2000 by
political reason. This has compelled expelled migrants more vulnerable and also their home society
in Burkina-Faso.

To understand these complicated vulnerability, it is necessary to scrutinize the different reasons
and processes of increased vulnerability by each actor; individual, household, and community. And
then, we have to examine their complicated inter-relationship.

Copy right of this abstract is belonging to the Association of Japanese Geographers.
The original article is printed in E-Journal GEO vol.2 (2)available from
http://wwwsoc.nii.ac.jp/ajg/ejgeo/



Recent Changes in Small-scale Irrigation in Zambia: the Case of a Village in Chibombo
District

Shiro Kodamaya
Graduate School of Social Sciences, Hitotsubashi University, Tokyo, Japan

Abstract

This paper aims to explore factors behind the development of small-scale irrigation in Zambia
by tracing the experience of irrigation development among small-scale farmers in a village in
central Zambia. The paper also seeks to contribute to a deeper understanding of the environmental
implications of irrigation development.

Irrigation farming in the village studied began as traditional or informal irrigation, whereby
vegetables were grown in dambo gardens with the use of bucket irrigation. By the early 1990s,
vegetable production in dambo gardens had become an important source of income for many
farmers in the village. The combination of rain-fed maize cultivation in upland fields and vegetable
growing in dambo gardens provided farmers with relatively secure and diversified income sources.
As economic declines and structural adjustment measures in the 1980s and 1990s adversely
affected the livelihoods of urban dwellers, farming of the village came to be economically more
attractive. Irrigated vegetable production in dambo gardens became more popular as an additional
income generating activity after the mid-1990s when the agricultural marketing was liberalized. In
the early 2000s, some farmers in the village shifted from bucket irrigation to treadle pump
irrigation with the assistance of an NGO. The introduction of treadle pumps entailed new methods
in irrigation agronomy such as the use of furrows and pipes, the cultivation of winter maize, and
more intensive use of land. The second half of the 2000s is seeing another development in the use
of irrigation technology, with some farmers introducing engine pumps and drip irrigation. As
irrigation methods developed from bucket irrigation to treadle pump and engine pump irrigation,
water consumption level of each farmer likely increased.

The typical farming system found in the study area, which comprises the two practices is an
expression of farmer adaptations in the face of uncertainties both in rainfall and market conditions.
Introduction of new irrigation practices by some farmers can be considered as an expansion of the
dambo gardening component of the system.

The development interventions by NGOs played an important role in the adoption and
diffusion of new irrigation technologies. Support from NGOs related to irrigation development
placed greater emphasis on income generation and market sales. The villagers continuously
invested in new agricultural management practices and land-care techniques. However, the
investments and technology promoted are mainly associated with income-generating activities,
which may undermine the capacity of ecosystems to produce services. The case of the village
studied demonstrates that responses of the farmers were not necessarily unified, coordinated
responses of the “community”. The responses to the new farming practices and NGO support



mainly occurred at the level of individual farmers and farmers groups. As irrigation methods
shifted to those entailing more capital intensive technology such as engine pumps, farmers’
responses to new opportunities depended increasingly on their resource or capital base including
social capital.

The shift from bucket irrigation to treadle pump and engine pump irrigation in the area has
likely had a substantial impact on the use of water resources, especially groundwater. Since there
are no customary or formal regulations on the use of groundwater, current opportunistic use of
groundwater for irrigation can result in overuse of groundwater and might cause its decrease and
depletion. It is crucial to introduce some mechanism of control and management of water resources
which enables the sustainable use of this important resource.

1. Introduction

To achieve greater utilization of irrigation in a sustainable and environmentally sound manner
is a great challenge for African® countries. This paper aims to explore the factors behind the
development of small-scale irrigation in Zambia by tracing the experience of irrigation
development among small-scale farmers in a village in central Zambia. The paper also seeks to
contribute to a deeper understanding of the environmental implications of irrigation development.

Given the importance of small-scale irrigation in Africa’s development agenda, it is important
to identify factors contributing to the development of small-scale irrigation in current African
contexts. Scholars and development practitioners advocate irrigation as an important means to
achieve increased agricultural production and food security in Africa. In a region where droughts
are prevalent, irrigation could be a key factor in enhancing food security. In the publication African
Environment Outlook, it is argued that rapidly increasing the area under irrigation, especially
small-scale irrigation, will provide farmers with opportunities to raise output on a sustainable basis
(UNEP 2006: 84-5). Irrigation (mainly small-scale) is advocated as an example of “sustainable
intensification” of agriculture in southern Africa, where agricultural growth depends on
intensification rather than extensification (FFSSA 2004: 68). Thus irrigation is considered to be
“sustainable” and contribute to poverty reduction among small farmers.

While irrigation can enhance food production, there are also risks such as its inappropriate
application and overexploitation of water resources (UNEP 2006: 92, 136). Resource utilization
becomes unsustainable when open access occurs in combination with demographic and
technological changes (Haller & Merten 2008). Small-scale irrigation and cultivation of wetlands,
without proper resource management, can cause land degradation or resource depletion. It is
important to examine irrigation development in actual practice situations in order to determine how
it can be kept sustainable and environmentally sound.

The adoption of irrigation practices exemplifies the coping strategies of small farmers who
adapt and respond to new opportunities and constraints. We should examine the development of
small-scale irrigation in terms of small farmers’ wider strategies. The coping strategies of

1 Unless otherwise noted, “Africa” refers to Sub-Saharan Africa.



individuals are integrated components of a country’s wider economic system (Campbell 1990 cited
in Zamani et al. 2006). Coping strategies are altered as a result of the emergence of new
opportunities caused by a complex interplay of economic, political, social, and environmental
conditions.

One issue to be investigated is how the actions of communities concerning small-scale
irrigation development lead to sustainable practices which entail the management of
socio-ecological systems. Fabricius et al. 2007 developed categories of communities according to
their adaptive capacity and their role in ecosystem management. Communities are termed “Coping
Actors” if they deal with adversity through reactive coping strategies. “Adaptive Co-manager”
communities take a longer-term perspective in dealing with threats, and their adaptive strategies
focus on sustainable management (Fabricius et al. 2007). While it is widely acknowledged that the
concept of “community” is fraught with problems (Blaikie 2006), a community must be examined
by focusing on its multiple interests and actors (Agrawal & Gibson 1999). This is because
communities are composed of subgroups and individuals with varying preferences for resource use
and distribution. It must also be recognized that human responses occur across different scales and
levels of organization, playing out in multiple, uncoordinated, improvisational theaters (Bohensky
& Lynam 2005).

2. Policy and Legal Contexts in Zambia

2.1. Politico-economic Setting
Over the last four decades, Zambia’s political economy has undergone five distinct policy
regimes (Thurlow & Wobst 2004):

(1) The period of a market economy and multi-party political system from Independence in 1964
to the early 1970s.

(2) The period of a state-controlled economy and single-party political system from the early
1970s to the mid-1980s. The government embarked on economic reforms to strengthen state
control over the economy. Major industrial companies were nationalized, including copper
mines. World copper prices plummeted in 1975 and this was the beginning of a 25-year
stagnation of the Zambian economy. The political system also shifted to a one-party state.

(3) The period of economic transition in the second half of the 1980s. The government attempted
to carry out IMF-World Bank-sponsored structural adjustment programs but abandoned them
following political unrest.

(4) The return to a multi-party political system and the introduction of neo-liberal policies in the
1990s. After the 1991 multi-party election of President Chiluba, the MMD (Movement for
Multi-party Democracy) government came to power. The government implemented economic
liberalization and de-regulation policies such as the privatization of state enterprises,
liberalization of agricultural markets, and trade liberalization. Economic stagnation continued
with the deterioration of formal sector employment due to the economic liberalization.

(5) The period since 2001 of the “New Deal” under President Mwanawasa’s government.



Economic liberalization policies were partly modified with more emphasis on poverty
reduction. The economy recovered and grew, thanks to growing copper production after
privatization in 2000, higher copper prices since 2004, and debt cancellations in 2005.

2.2. Policy and Institutional Setting for Irrigation and Water Resource Development

Zambian government policies and development plans emphasize the exploitation of water
resources for irrigation development so as to achieve food security and poverty reduction. To
reduce food shortages caused by the dependence of agriculture on rainfall, the expansion of
irrigation is considered an appropriate solution. The PRSP (Poverty Reduction Strategy Paper) of
2002-2004 states the expectation that the expansion of irrigation would not only improve food
security, but would also help reduce poverty® (Zambia 2002: 91). The Fifth National Development
Plan (FNDP) sets a target of doubling the acreage under irrigation to 200,000 ha by 2010 (Zambia
2006: 49).

Zambia’s policies and plans for agriculture and irrigation also have stressed the importance of
the exploitation of water resources and irrigation development based on the recognition that the
country is well-endowed with water resources, and on the assumption that irrigation is a
sustainable agricultural practice. The 2004-2015 National Agricultural Policy provides 19 sectoral
strategies including the promotion of sustainable and environmentally sound agricultural practices
and the promotion of irrigation development. The National Irrigation Plan (NIP), formulated in
2005, proposes a strategy for efficient and sustainable exploitation of water resources by
promoting irrigation. As interventions to improve the policy and legal environment, the NIP
proposes the reduction of costs for energy and irrigation equipment as well as improved incentives
for investing in irrigation®. The NIP recognizes the environmental considerations surrounding
irrigation, stating that irrigation interventions do tend to generate an environmental impact.
However, it also states, “there are no major worries concerning the effect of irrigation to the
environment.” (Zambia 2005: 10)

Government and donor policies are based on the recognition that Zambia is well-endowed
with land and water resources which have been underutilized. Zambia is the most surface and
groundwater resource-rich country in southern Africa (FFSSA n.d.. 47). The total internal
renewable water resources (IRWR) have been calculated at 80 cubic km, while the total water
withdrawal in 1994 was 1.7 cubic km.* Agriculture accounted for 77% of the total withdrawal,
where the use of water is primarily for irrigation (Earth Trends 2003). Zambia’s water sector is

2 The perception that poverty is caused by the dependence on rain-fed agriculture is shared by
Zambia’s major donors. For instance, a paper by a joint initiative of major donors on pro-poor
growth contends that crop production was negatively affected by the severe droughts of 1992 and
1995 which explain much of the increase in poverty that occurred between 1991 and 1996
(Thurlow & Wobst 2004: 31-32).

% It is recommended that during the first 2-3 years of the NIP, duty and VAT on basic irrigation
equipment be reduced, and customs and excise duty for irrigation equipment also be reduced.

* 80 cubic km of surface water was produced internally and groundwater recharge was 47 cubic
km. Total IRWR is: surface water + groundwater — overlap. There were 80 cubic km of overlap.
The data was for 1977 to 2001 (FAO AQUASTAT cited in Earth Trends 2003).



undergoing an institutional transition®. While in 1994 the government adopted the National Water
Policy (under revision since 2005), the national water sector framework is based on the old Water
Act (1949). Presently the planning of water resources is fragmented. Plans for the development of
agriculture, industry, and energy are prepared without adequate recognition of their impacts on
water resources (Sievers 2006).

As of the mid-2000s, the total irrigated area in Zambia was officially 100,000 ha. Several
estimates of irrigated acreage have been made. According to the PRSP 2002-2004, less than 40,000
ha of land is currently irrigated, mostly by commercial farmers (Zambia 2002: 53). The Water
Rights survey (1994) estimated the total irrigated area at 53,000 ha, out of which smallholder
irrigation accounted for only 210 ha (cited in FFSSA n.d.). However, these estimates did not
include informal or traditional irrigation by small farmers, and if this had been included, the
contribution of smallholder irrigation would be substantial. According to the Food and Agriculture
Organization (FAO) of the United Nations, about 100,000 ha were estimated to be under so-called
traditional irrigation in 1992°. These wetlands and dambos’ in traditional areas of land tenure have
been used for rice, fruit, and vegetable production without government intervention.®

There have been several programs promoting small-scale irrigation that were supported by the
government, non-governmental organizations (NGOs) and donors. NGOs have played a
particularly important role in mobilizing traditional farmers and emergent farmers to adopt
irrigation practices. The Co-operative League of the United States of America (CLUSA)
implemented a small-scale irrigation program through several NGOs including Total Land Care
(TLC), World Vision International, and CARE. TLC?, in collaboration with CLUSA, implemented
a US$650,000 treadle pump irrigation project among 350 small-scale farmers (Daka 2006: 21).
One NGO called International Development Enterprises (IDE) has been involved in the promotion
of treadle pump and low-cost irrigation kits. Under USAID-funded projects promoting the
Initiative to End Hunger in Africa, IDE was heading a market-led water management technology
project called Smallholder Market Creation (Daka 2006: 21, 24, 27). As is clearly shown in this
project, irrigation development is often associated with the commercialization of agriculture.

The ecological conditions of dambos and other wetlands are susceptible to deterioration, and
the utilization of these wetlands for cultivation and irrigation may cause land degradation and
depletion of resources. In Zambia, although it is government policy to promote the sustainable
utilization of wetlands, there are no specific state laws that control or regulate such practices

> The author was not able to collect the latest information on the water sector. The paper is based
on information from up to early 2006.

® Daka 2006 also shows an FAO AQUASTAT estimate for 2003: 155,912 ha of land in Zambia is
irrigated, out of which an area of 100,000 ha is dambos used by small-scale farmers to grow
vegetables.

" Dambos are low-lying, shallow wetlands. For an expanded definition and the types of dambos,
see Shimada 1995: 3-4.

® FAO webpage on Zambia: http://www.fao.org/docrep/VV8260B/V8260B1s.htm

% TLC is an international NGO based in Malawi, operating also in Zambia, Tanzania and
Mozambique (Bayani 2008).



(Shimada 1995: 12).'°

The water resource management sub-sector was in the process of reform in the early 2000s as
some drawbacks had been identified, including: a poor water resource management, regulation and
enforcement mechanism; and an inadequate institutional and legal framework (Zambia 2002: 94;
Sievers 2006). Zambian water laws and policies exhibit pluralism (Chileshe et al. 2005); water
rights follow a state law property rights system in urban areas whereas customary law is more
prominent in rural areas. The Water Development Board under the Ministry of Energy and Water
Development allocates water rights, although no water charges have been levied on any irrigation
abstractions (Daka 2006: 24). The Water Board coordinates water rights at the national level,
especially for large-scale users such as commercial farmers (Chileshe et al. 2005). The water rights
provided in state laws do not apply to customary laws. Traditional authorities (chiefs and headmen)
are not involved in water resource management at the national level. Local communities on their
traditional land have their own rules and perceptions of water rights, which are closely related to
their land tenure system.

3. Development of Small-scale Irrigation in a Village in Central Zambia

3.1. Agriculture in “Village C” in the 1990s

The study area is a village in Chibombo District of Zambia’s Central Province!. The village
studied (hereafter called “Village C”) was established in the mid-1970s. The land where the village
is located was previously covered with forest, and the area was gradually cleared for villages as
people migrated in and settled in the area. Village C had around 120 households by the mid-1990s.
It is located close to the tarmac road connecting Lusaka and Kabwe. The location of the village is
good in terms of the accessibility of major urban centers; it is about 90 km from Lusaka, 40 km
from Kabwe, and about 260 km from the Copperbelt towns. The agriculture of the village has
benefited from its good location and the accessibility to urban markets, which is one of the factors
enhancing the commercialization of agriculture. The village is located in a Trust Land area, where
customary law, including a communal land tenure system, is predominant.

Maize continues to be the most important cash crop as well as food crop for the majority of
small farmers in Zambia. In Central Province as well as in Southern and Eastern Provinces, maize
and other major crops are cultivated using ox-drawn ploughs. In maize farming, access to suitable
land, ox-drawn implements, cattle and inputs such as fertilizer are important. While maize is an
important crop in Village C, vegetable production is another of their main farming activities. The
area around the village is abundant in dambos, which are utilized by farmers for crop production.
Many of the village’s farmers practice both upland maize cultivation and dambo gardening. In the

% The FNDP has set out nine agricultural sector programs including the Irrigation Development
and Support Program, which involves six strategies including: facilitating the establishment of
water rights that are supportive of sustainable agricultural development; and promoting the
sustainable utilization of wetlands and dambos (Zambia 2006:50).

1 A team of several researchers including the author has conducted research on the village since
the early 1990s. See Shimada 1995.



early 1990s when we first conducted field research in the village, around half of the farmers in the
village utilized dambos for vegetable production®?. However, the size of the dambo gardens was
limited; the average size of dambo gardens per household was only 0.5 ha (Shimada 1995: 33;
Shimada 2007: 65). This was about one tenth the size of the upland fields. Most of the crops
including maize were cultivated in the upland fields during the rainy season, while vegetables such
as tomatoes, watermelons, and rapeseed were cultivated in both the upland fields and the dambo
gardens®®. The fact that vegetable production is a mainstay economic activity in Village C implies
the importance of water resources, as vegetables are water-intensive crops. By the early 1990s in
Village C, dambo land was not common-access but was allocated by the village headman in the
same way as upland fields. Dambo land is allocated as an extension of upland allotments, with the
rule that the “owner” of an upland allotment can extend his/her farmland borders toward the center
of the stream or dambo (Shimada 1995: 31).

The combination of rain-fed upland cultivation and irrigated dambo gardening provides
farmers with security against drought damages. The two farming activities are complementary in
two respects. First, dambo gardening is a dry-season activity that does not compete for labor and
land with upland farming and other activities. Second, the two activities are interconnected in such
a way that the revenues from vegetable sales are used for purchasing maize production inputs for
the rainy season.

However, rain-fed maize farming and vegetable growing each face a different set of climate
uncertainties (related to environmental shocks) and market uncertainties (related to market and
policy shocks). While rain-fed maize farming is susceptible to rainfall fluctuations, farmers could
expect a certain amount of income from maize production based on fixed input and output prices
during the period of state-controlled maize markets prior to the mid-1990s. Even after the
liberalization of maize marketing system, the maize price fluctuations are more predictable than
those of vegetables. In contrast, while vegetable production on dambo land is more
drought-resistant than upland cultivation, farmers are faced with volatile prices at vegetable
markets as they fall under the private markets system. This makes revenues realized from
vegetable growing less predictable. Since vegetables are perishable, and given the lack of cold
storage facilities, vegetable growers face the risk of being forced to sell their produce at giveaway
prices or otherwise see their crops rotting away in their gardens.

The irrigation method most farmers practiced in the 1990s was bucket irrigation, which
requires manual labor. Dambos possess seepage zones from which the capillary rise of moisture is
exploited to grow crops without requiring much water control (Daka 2006: 11). In some areas on
the fringes of a dambo, supplementary irrigation water is supplied to crops. Since the groundwater
table is shallow in dambo lands, it is easy to dig shallow wells from which farmers can draw water

12 Hanzawa’s survey of 76 households in 1993 shows the magnitude of vegetable production in the
village. In the 1992/93 season, 52 of the households interviewed had sold their tomato harvests
from upland fields, and 41 households had done so from dambo crops (Hanzawa 1995).

13 The acreage under cultivation for tomatoes and rapeseed accounted for 94% of the total dambo
gardens in one of the village’s dambos in 1992 (Shimada 1995: 33). Shimada measured the land
size in 1992 and 1993, and found that 16 households managed crops in one dambo.



using buckets.

While protracted economic declines and structural adjustment measures in the 1980s and
1990s adversely affected income and employment for urban dwellers, farming in rural areas with
access to markets was less severely affected, thus opening up prospects for better livelihoods in
rural areas compared with urban areas. Zambia experienced several rounds of drought in the 1980s
and 1990s, which impacted negatively on maize production in many parts of the country (Thurlow
& Wobst 2004: 31-32; Kajoba 2007: 87). This made dambo irrigation farming particularly
attractive. Under such circumstances, the population of Village C increased rapidly during the
1980s and the first half of the 1990s as people migrated into the village'. As a result of the
population growth and increased commercialization of agricultural production, growing land use
pressures and consequent land scarcity were beginning to be felt by the mid-1990s. Available land
became so scarce that there were some cases of disputes over land between villagers as well as
with neighboring villages (Kajoba 1995; Kodamaya 1995).

3.2. Effects of Liberalization of Agricultural Markets in the Mid-1990s

The deregulation of agricultural marketing system in the mid-1990s adversely affected
small-scale farmers. The liberalization of maize marketing system resulted in price fluctuations and
the deterioration of terms of trade for farmers. While input and output prices had been fixed
annually during the state-controlled period, after the deregulation the prices fluctuated seasonally
and annually. Since maize in Zambia is produced under rain-fed conditions, maize prices fluctuate
seasonally according to domestic supplies®®. After the liberalization that removed fertilizer
subsidies, fertilizer prices increased more than maize prices did, so the terms of trade for farmers
deteriorated®. In addition, fertilizer was not easily available in many rural areas in the years
following the liberalization of markets. Maize price fluctuations and deteriorated terms of trade
adversely affected maize production for the majority of small-scale farmers. Meanwhile, the
devastation of livestock by cattle disease outbreaks exacerbated the situation, as the loss of cattle
adversely affected ox-plough cultivation practices (Kajoba 2007). This led many farming
households to pursue additional income-generating activities such as charcoal burning, petty trade
in agricultural produce, fish trade, and running small shops'’. Vegetable production in dambo

4" Arelative rise in agricultural employment occurred due to the high proportion of young people
in the rural population, as well as the slowdown in rural-to-urban migration as economic conditions
deteriorated in the 1980s and 1990s (FFSSA n.d.: 30). See Haller & Merten 2008 for the similar
factors at work behind the in-migration of seasonal commercial fishermen to the fisheries in Kafue
Flats, which attracted people who sought alternative income-generating activities.

1> Seasonal maize prices normally reach their peak during the months of February, March and
April (just before the harvest). The prices decline between April and June (just after the harvest),
and thereafter prices rise again gradually.

'8 In fact, the government continued to be involved in fertilizer distribution through several
programs including the Fertilizer Credit Program which was implemented by Food Reserve
Agency from 1998. The government reintroduced fertilizer subsidies in 2002 through the Fertilizer
Support Program.

7 Similar responses were common both within and outside Zambia. UNEP 2006 reports that as a
response to the poor performance of the formal sector, the diversification and intensification of



gardens also expanded in Village C as farmers sought an additional source of income.

Forest clearing was another important local event related to the environment that was
occurring in the mid-1990s. On its eastern side, Village C borders a National Forest Reserve that
was effectively protected by the government until the mid-1990s when people from some adjacent
local communities, including some from Village C, migrated and settled in the Reserve. About 15
out of 120 households of Village C moved into the forest between 1995 and 1997. By the early
2000s, most of the land in the forest had been cleared for farming. Most of the people who shifted
from the village to the forest cleared large tracts of land where they cultivated a large hectarage of
maize and grazed a large herd of cattle. Factors behind the migratory event included social tensions
between villagers that culminated in the departure of some villagers, many of whom were also
motivated by the desire to have a larger land area to cultivate and graze. The event is an illustrative
case of “extensification” of farming instead of the preferable “sustainable intensification.” The
population of the village, which had grown rapidly until the mid-1990s, ceased to increase and
became stagnant.

3.3. Development of New Irrigation: Introduction of Treadle Pumps in 2001

Irrigation farming in Village C entered a new stage with the start of a new millennium. In
2001, an NGO called Total Land Care (TLC) came to the village and introduced a new irrigation
method utilizing treadle pumps (Shimada 2007). TLC promoted the Vifor (Village Irrigation and
Forestry) program and encouraged farmers in the village to form a group to collectively practice
new irrigation methods. The organization extended micro-credit for the farmer group to buy treadle
pumps, and trained them in irrigation agronomy and treadle pump operation and maintenance. The
farmers participating in the Vifor group were required to establish a small land plot for gravity
irrigation with furrows and ridges. The land plots were irrigated with water abstracted by treadle
pump from a shallow well. FAO’s AQUASTAT 2003 estimated that more than 5,000 treadle pumps
were in use in Zambia to irrigate a total area of more than 1,200 ha (Daka 2006: 6). A treadle pump
has the limited capacity of abstracting water from a depth of up to 8 meters. For this reason, its
application is common in dambos where water tables are shallow.

An important note on irrigation and the environment must be added in relation to TLC’s
development intervention. As the name Vifor (Village Irrigation and Forestry) suggests, TLC was
attempting to promote not only irrigation but also social forestry, as it had been doing in Malawi
where the organization is based (Bayani 2008)®. However, as far as the project in Village C and
TLC’s activities elsewhere in Zambia in the early 2000s were concerned, the focus was on
irrigation rather than on forestry'®. Except a few farmers practicing agroforestry and conservation

informal sector activities occurred, many of which were based on natural resources and may have
detrimental impacts on the environment (UNEP 2006: 16).

¥ In Malawi, TLC is also promoting the use of manure and agroforestry. TLC follows the policy
that those benefiting from TLC’s irrigation program must plant at least 100 trees along a stream
bank (Bayani 2008).

19 References to TLC are made on several pages of Daka 2006, but without any associated
mentions of forestry or agro-forestry activities.



farming, other members perceived the project as specifically promoting treadle pump irrigation.
The period when treadle pumps were being introduced by TLC also saw actors outside the village
promoting other new agricultural practices. One of these was conservation farming promoted by
the Conservation Farming Unit of the Zambia National Farmers Union (ZNFU), whereby some
farmers in the village introduced these practices, mainly in their upland fields.

The irrigation project of 2001 entailed several new elements. First, it involved a technological
development in terms of the shift from bucket irrigation to pump irrigation. A treadle pump can
abstract a larger amount of water in a shorter time and can irrigate a larger hectarage of land. It is
also so simple to use that it can even be operated by children.

Second, the irrigation project included the establishment of specific small-sized land plots
(15m by 30m) for gravity irrigation, which entailed a more intensive use of the land (Shimada
2007)%. However, it is not clear whether the intensive use of small plots for irrigation also implied
more efficient use of water compared with traditional dambo cultivation. There were also
implications for farmers’ requirement of cattle and ox-drawn implements because the cultivation of
small irrigation plots does not depend on ox-ploughing.

Third, the crops recommended by TLC included not only vegetables but also maize, the staple
crop. Before the Vifor project, few farmers grew irrigated maize during the dry season. Since the
introduction of the project, some farmers have practiced “winter maize” cultivation with irrigation.
This was in line with the new situation under the liberalized agricultural market and the
government policy encouraging farmers to grow winter maize. Winter maize is planted around May
and harvested around October and November when maize can fetch higher prices.

It is difficult to quantitatively estimate the impact of treadle pumps on water demand because
it depends on several factors; in addition to the abstraction capacity of a treadle pump, the
calculation must include evaporation rates, the type of crops irrigated (their water intensity and
evaporation rates), irrigation methods (considering their water use efficiency or irrigation
efficiency), and acreage under irrigation. Although the introduction of treadle pumps can increase
water demand, the associated introduction of a new irrigation agronomy and diversification of
crops irrigated can also affect the water demand. In addition, such an increase in the total water
demand could have been small, because the number of farmers who adopted the use of a treadle
pump? was small and the size of the land irrigated by each farmer was also small.

Since TLC and Vifor were instrumental in introducing the new irrigation project, farmers’
access to new technology and financial resources depended on their membership in the Vifor group.
Again, to be entitled to subsidized fertilizer under the government’s Fertilizer Support Program,
farmers were required to organize themselves into a co-operative®®, thus effectively encouraging

2 This can be compared with the average size of a dambo garden in 1992, which was 0.4 ha per
household (Shimada 1995: 33; Shimada 2007).

21 This was due to the cost of the pump. In 2001, a treadle pump cost 480,000 kwacha (US$133)
(Shimada 2007). In 2008, a treadle pump set (including the treadle pump, outlet pipes, inlet pipes
and a foot valve) cost 570,000 kwacha (US$162).

22 The Cooperative Societies Act n0.20 of 1998 provides the legal framework for co-operatives in
Zambia.



farmers to do so. In Village C, 21 farmers formed the J.C. Irrigation and Savings Club in 2001 to
have access to government-subsidized fertilizer (Shimada 2007)%.

3.4. Introduction of Engine Pumps

Another development in irrigation methods in Village C occurred around 2005. A growing
number of farmers began to purchase engine pumps. By 2008, about a dozen farmers in the village
were practicing irrigation farming using engine pumps. In fact, many of the engine pump owners
were those who had bought treadle pumps in 20012*. In other words, there was a shift from treadle
pumps to engine pumps among those farmers who practiced pump irrigation. One farmer bought an
engine pump for 1.25 million kwacha (or US$350) in 2007%.

Another development in irrigation was the introduction of drip irrigation. Two organizations
called IDE and Cropserve held a training course on drip irrigation in March 2008, and
subsequently some farmers in the village were introducing drip irrigation®. In 2008, a drip
irrigation kit cost 230,000 kwacha (or US$66). A drum is installed at an elevation of 2 to 3 m
above ground to provide a low-pressure head that is sufficient to operate micro-tube drippers.
Water is pumped from the source to the reservoir, and the micro-tubes emit water drop by drop
onto the root zone surrounding the crops.

In 2007, another group of farmers practicing irrigation organized themselves into a
co-operative called M. Vegetable Growers?’. M. Vegetable Growers had 35 members and spanned
4 villages including Village C. The co-operative was assisted by the Rural Prosperity Initiative
(RPI) of IDE. M. Vegetable Growers and two other co-operatives were organized into the IDE-RPI
Zone 2 in June 2008.

Some changes in the economic and policy environments helped with the diffusion of engine
pumps in the village, including economic liberalization policies, the reduction of duties on
irrigation equipment, and the recovery of the Zambian economy. With the trade liberalization in the
first half of the 1990s, imported goods became more easily available. The Zambian economy, after
25 years of stagnation and contraction, recorded 8 consecutive years of growth since 1999. The
economic recovery was accelerated by the rapid expansion of copper exports, which jumped from
US$365 million in 1998 to US$3.084 billion in 2006 (IMF 2006; IMF 2008). The expansion of
exports has resulted in an appreciation of the Zambian currency, from 4779 kwacha per US dollar
in 2004 to 3603 in 2006. The reduction of duty, VAT, and customs as recommended in the National
Irrigation Plan in 2005 has also helped to reduce the cost of irrigation equipment. These changes

28 ).C. are the initials of a former village headman’s name. Before this Club, two co-operatives
were formed in the area in 1998 and 1999 to gain access to Fertilizer Credit Program.

2% This shift does not seem to be unique to Village C farmers; farmers in the other groups trained
by TLC were reported to be investing in motorized-pump irrigation systems following their use of
treadle pump irrigation (Daka 2006 : 22).

2 Engine pumps were not entirely new to the village. A few farmers had bought engine pumps in
1992 and 1993 but they resold them after a few years.

% |IDE is a US-based NGO and Cropserve is a private company. IDE trains farmers and links
farmers with service providers.

27 M. stands for the area’s name.



resulted in imported engine pumps coming within the financial reach of more small-scale
farmers?,

However, it is also a fact that only a fraction of the farmers in the village can afford engine
pumps. An engine pump costs two and half times more than a treadle pump. In addition to their
initial cost, engine pumps require much greater maintenance costs, including fuel, than do treadle
pumps. Consequently, the number of households who can afford an engine pump is likely to be
small.

One factor that encouraged farmers to adopt engine pumps was an increased demand for water.
As some households wanted to expand their irrigation farming, they were faced with the limited
abstraction capacity of a treadle pump. A treadle pump also depends on the availability of labor,
which can be a constraint on expanded irrigation farming. A treadle pump can be operated by
children, who in fact were an important source of labor, but they were not available during the
school terms.

One of the impacts of the introduction of engine pumps was the extension of irrigation to
upland fields. Whereas a treadle pump is restricted to the irrigation of dambo lands due to its
limited capacity, an engine pump can be used to irrigate even upland plots. According to our
informants in the village, the irrigation of upland plots began two years ago and has been
expanding since then.

A related impact of engine pumps is the effect on water consumption and its distribution
among water users. An engine pump is more powerful than a treadle pump and this can result in
increased water consumption. However, as already noted, it is difficult to estimate changes in water
consumption because it depends on many factors. While the introduction of engine pumps and the
concomitant extension of the irrigated area into upland fields can cause increased water
consumption, the adoption of drip irrigation, originally developed as a water-saving practice,
works as a counterbalance by contributing to water savings (Smil 2000). Since the number of
farmers practicing irrigation with engine pumps is small, and since they are likely to consume a
much larger amount of water than those without engine pumps, then the amount of water consumed
will be disproportionately concentrated among a small number of farmers?.

While the introduction of engine pumps is likely to result in increased water demand among
those farmers, the total water demand of the village may not see a marked increase due to the
stagnant growth of the village population since the mid-1990s (in contrast to its rapid population
growth in the first half of the 1990s). The stagnant population trends were caused by a combination
of several local and national factors®.

28 Another noticeable change associated with export expansions and kwacha appreciation is the
rapid increase in automobile imports.

2% Since the water for the villagers’ domestic use is also drawn from wells, this may lead to
competition for water between irrigation and domestic use.

%0 Local factors include (as described above): the out-migration of some households to the
neighboring forest reserve in the mid-1990s; and the moving out of some people from the village
due to social tensions. National factors include: the recovery of the Zambian economy since 2000,
which brought some improvements in employment and income in urban areas.



The issue of the amount of water use and its distribution among users is related to the control
and collective management of water resources. Access to land including dambos, which falls under
the communal land tenure system, is controlled by chiefs and village headmen. However, a villager
can dig a well on his/her allocated land without seeking the permission or consent of a chief,
headman, or other villagers. While there are some farming groups and co-operatives in the area,
they mainly have the purpose of gaining access to subsidized fertilizer and other state and NGO
support; there are no groups operating as a water-users association. Thus there is no mechanism of
collective control or management of groundwater abstracted from wells, and consequently water
resources can be over-used in de facto open-access situations. As far as surface water such as
streams is concerned, there are some customary controls. According to our informants in the
village, there is an acknowledgment that “streams are communal and there are no boundaries for
streams [it means that unlike lands streams are not allocated to individuals],” and as such there is
some control of the use of stream water. When a farmer wants to build an earthen dam on a stream,
he/she is required to gain the consent of farmers who live along that stream.

4. Discussion and Conclusion

In this paper, we traced the development of small-scale irrigation based on the experiences of
one village in central Zambia. Irrigation farming in the village began as traditional or informal
irrigation, whereby vegetables were grown in dambo gardens with the use of bucket irrigation. By
the early 1990s, vegetable production in dambo gardens had become an important source of
income for many farmers in the village. The combination of rain-fed maize cultivation in upland
fields and vegetable growing in dambo gardens provided farmers with relatively secure and
diversified income sources. As economic declines and structural adjustment measures in the 1980s
and 1990s adversely affected the livelihoods of urban dwellers, farming in this village, with its
water resources, came to be economically more attractive. Irrigated vegetable production in dambo
gardens became more popular as an additional or alternative income generating activity after the
mid-1990s when the agricultural market was liberalized. In the early 2000s, some farmers in the
village shifted from bucket irrigation to treadle pump irrigation with the assistance of a
non-governmental organization. The introduction of treadle pumps entailed new methods in
irrigation agronomy such as the use of furrows and pipes, the cultivation of winter maize, and more
intensive use of the land. The second half of the 2000s is seeing another development in the use of
irrigation technology, with some farmers introducing engine pumps and drip irrigation. As
irrigation methods developed from bucket irrigation to treadle pump and engine pump irrigation,
the water consumption level of each farmer likely increased.

The development of irrigation farming in Village C illustrates a type of coping strategy used
by farmers to respond and adapt to new opportunities and constraints. Opportunities and farmer
responses in the village must be seen against the backdrop of economic, geographical and
environmental conditions. The typical farming system found in the study area, which comprises the
two practices of rain-fed maize cultivation and irrigated dambo gardening, is an expression of
farming adaptations in the face of uncertainties both in rainfall and market conditions. The



introduction of new irrigation practices by some farmers can be considered an expansion of the
dambo gardening component of the system. Those farmers using new irrigation methods retain the
two farming practices so as to be adaptive to different sets of opportunities and risks.

The development interventions of NGOs played an important role in the adoption and
diffusion of treadle pumps and drip irrigation. Support from NGOs related to irrigation
development placed greater emphasis on poverty reduction, income generation, and market sales
than on environmental and ecological aspects. One of the two NGOs involved in promoting
small-scale irrigation in the village emphasized linking farmers with the market, while the other
was perceived by farmers to stress irrigation despite its usual inclusive focus on both irrigation and
forestry. Although irrigation farming in the research site has developed without stimulation by any
specific government support programs, the government contributed to the policy setting,
facilitating the exploitation of water resources for irrigation without paying due attention to
environmental considerations including regulations on the use of wetlands and water resources.

Economic and geographical conditions also played a part in the farmers’ opportunities and
responses. This can be illustrated by comparing the study area with other areas. When compared
with Gwembe Valley in Southern Province, it is evident that the area where our case study village
is situated has much more favorable conditions. Farmers in the study site have easy access to
markets for selling their produce, whereas Gwembe people cannot count on the availability of
markets. The former can invest in irrigation equipment while expecting a good return, whereas for
the latter people, agricultural investment is a gamble in which the odds are too high due to climatic
uncertainties and unpredictable government and donor policies (Cliggett et al. 2007).

It is quite clear that the farmers in the village studied are not “Powerless Spectators,” but
either “Coping Actors” or “Adaptive Co-managers” as described in Fabricius’ categories of
communities. The villagers continuously invested in new agricultural management practices and
land-care techniques. Knowledge networks enabled the villagers to co-opt new technology from
outsiders (Fabricius et al. 2007). However, the investments and technology promoted are mainly
associated with income-generating activities, which may allow the damaging of ecosystems and
thus undermine their capacity to generate services. Although some farmers introduced conservation
farming methods which were promoted by a non-government organization, the village lacks
systematic efforts to invest in the long-term management of ecosystem services or to take
appropriate action for long-term sustainability. It seems that the dambos of the village are
opportunistically used without any plan for maintaining their capacity to generate services.

The case of the village studied demonstrates that the farmers’ responses were not necessarily
unified, coordinated responses of the “community” (in this case, the village). The responses to the
new farming practices and NGO support mainly occurred at the level of individual farmers and
farmer groups. Treadle pumps, drip irrigation, and conservation farming were respectively
introduced by different farmer groups, with some of their members overlapping and including
farmers from neighboring villages, while engine pumps were introduced by individual farmers. In
addition to these farmer groups, several other groups were formed to gain access to
government-subsidized fertilizer. Their strategy is to continue the type of farming predominant in



the 1980s, that is, rain-fed maize farming dependent on government-subsidized fertilizer, and this
is quite different from the strategy of pursuing the introduction of new irrigation technology.
However, it is important not to polarize this distinction, because many farmers combine upland
maize cultivation and dambo gardening, and the two strategies coexist at the individual farmer
level, with some differences in emphasis. The out-migration of some villagers to the neighboring
forest reserve in the mid-1990s demonstrates how individuals and subgroups in the community had
different preferences for resource use with various responses to opportunities and constraints.

Farmers’ responses to new opportunities are not only conditioned by the configuration of
those opportunities but also constrained by the farmers’ assets or capital. As irrigation methods
shifted to those entailing more capital-intensive technology such as engine pumps, farmers’
responses to new opportunities depended increasingly on their resource or capital base including
social capital®. Whereas any farmer with access to dambo land and labor can undertake traditional
irrigation practices, only those farmers with sufficient financial resources can afford the initial
investment and maintenance outlays of new irrigation methods. Since membership in farmer
groups is required in order to be entitled to support from NGOs and the state, social capital might
play a role in the access to new irrigation technology and subsidized inputs. One probable
consequence of this situation is a widening gap between those who have sufficient resources to
respond to new opportunities and those without. In other words, irrigation development has
benefited a small proportion of farmers, while the majority of the village population has been
excluded from the benefits of the new technology. However, even those farmers who are wealthy
enough to invest in expanded crop production and new irrigation technology are facing a risk
because they are more dependent on private markets, making them vulnerable to market price
fluctuations™.

Although it is difficult to quantitatively estimate the impact of pump irrigation on water
demand because of many factors affecting water use, the shift from bucket irrigation to treadle
pump and engine pump irrigation in the area has likely had a substantial impact on the use of water
resources, especially groundwater. Since there are no customary or formal regulations or control of
the use of groundwater, current opportunistic use of groundwater for irrigation agriculture can
result in the overuse of groundwater and might cause its decrease and depletion. Zambia, in terms
of a national total, is well-endowed with water resources, both surface water and groundwater, and
there are many prospects for exploiting this abundant irrigation potential. However, the water
resource endowment varies from area to area and water resources in particular local areas can be
much scarcer than the national total figures suggest®. As irrigation farming provides small-scale

31 However, intensive irrigation farming on small plots depends less on cattle and ox-drawn
implements, which are important capital for upland cultivation and traditional dambo gardening.

%2 See Liverman’s studies for information on the vulnerability of the production of fruit and
vegetable crops for export markets to both price fluctuations and climate change (cited in O’Brien
& Leichenko 2000).

%% PRSP 2002-2004 points out that there are significant variations [in the available water
resources] across the country, and there is a strong seasonal distribution leading to water deficits in
certain localities. Competition for available water resources is expected to increase (Zambia 2002:



farmers with an important source of income as well as security against damages from rainfall
fluctuations, it is crucial to introduce some mechanism of control and management of water
resources which enables the sustainable use of this important resource. Last, we must add that if
one looks at the distribution of water consumption at the national level, it has remained highly
skewed with a large proportion of water resources being consumed by commercial farms for
irrigation and for industrial use such as by mining companies, while water use by small farmers for
irrigation is just emerging. Under these circumstances, control or regulation of water resources
should not be imposed on small-scale farmers in a top-down manner. Instead, it should be managed
in a participatory way based on the idea that natural resources are most effectively managed when
responsibility is shared with democratic local institutions®*.
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The Cattle-raising among the Gwembe Tonga in the Southern Province, Zambia:
Research Report in 2008

Masahiro Okamoto
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Abstract

A field research was conducted from November to December, 2008 in Sinazongwe District,
Southern Province, and Lusaka in Zambia. The purpose of the research is to understand how the
cattle-rearing is conducted among the Gwembe Tonga people in Southern Province. The revealed
issues by the field research are as follows;

1) It was after forced migration of the Gwembe Tonga by constructing the Kariba Dam in 1950s,
that they started to raise the cattle actively. Before that, they used to keep goats instead of
cattle, because there was the effect of tsetse flies.

2) The shifting from raising goats to cattle is directly linked to the change of bride wealth. That is
to say, bride wealth was mainly paid by goats and cash before 1950’s; it is paid by cattle and
cash after 1950’s as the case may be together with goats.

3) The most important usage of the cattle is for plowing. However the number of oxens is in
shortage in most households. Therefore it is popular to use cows for plowing.

4) The grazing area and feed for cattle change seasonally. Cattle graze in the bush around the
villages mainly. During the dry season, they feed harvested maize stem and leguminous trees,
Acacia albida, which are kept in the maize field for the purpose of feeding and for manuaring.

5) Feeding damage by cattle and goats is common. As a result, people make the fences around
fields with the branch of echinate, Acacia albida.

6) Herdboys must attend to grayzing to avoid the invension of cattle and goats to the field during
the rainy season. It is the regulation established by each village.

7) Itis very rare to slaughter cattle for food except the case of funeral. If people need cash, they
sell cattle to acquaintance or buyers from Lusaka. To slaughter goats for food is common.

8) Usually cattle are owned by individuals. However the cattle gifted as bright wealth are shared
by the members of matrilineage. These cattle are called “ngombe lya mukowa . They are used,
when the need arises by members of matrilineage.



Human Networks in Southern Province, Zambia: An Overview

Yudai Ishimoto
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Abstract

The objective of this study was to clarify quotidian human networks of Tonga people living in
Southern Province, Zambia, which is located in the semi-arid tropics (SAT) of an unstable
ecological environment. The construction and reconstruction of these everyday human networks
are discussed in this paper.

Human networks observed in research sites were kin networks, neighborhood networks,
religious networks, scholastic networks, recreation networks, and networks in activities earning
income.

The formation of human networks is divided into construction of new networks and
reconstruction of existing networks. Opportunities of the former are migration, marriage, school
attendance, and job gain. Examples of the latter are marriage, migration, divorce, graduation,
resignation of job, change of church affiliation, and separation of new villages from old villages. In
this paper, | focused on marriage as related to the construction and reconstruction of family
networks and discussed the formation of human networks. It was evident in the study area that
there were many marriages between members of neighboring villages, and a high percentage of
marriages were between members of the same old neighborhoods of origin.

1. Introduction

Human networks, as represented in Fig. 1, are constructed in daily life. Some networks are
utilized to solve ecological and social problems. Therefore, human networks are one component of
resilience in social systems.

village

. hushand

..... network 1

— network 2
————

Fig.1 Schematic Diagram of Human Network
* In this figure, there are networks between households.
Individuals and communities have networks as well.



Networks are chosen according to circumstances; the same ones are not always utilized to
solve problems. Accordingly, to begin with, it is important to consider the entire picture rather than
discuss networks in specific emergencies. The objective of this study was to clarify quotidian
human networks of Tonga people living in the Southern Province of Zambia, which is located in
the semi-arid tropics (SAT) of an unstable ecological environment. | studied the construction and
reconstruction of these quotidian human networks.

In this study, “human networks” refers to both the structure of connections between people and
the flow of things and actions in these connections; | discuss the former in this paper.

2. Research Outline

Research sites were located in lower flat land “Site A”, middle slope “Site B”, and upper flat
land “Site C” at Sinazongwe area, Southern Province in Zambia. On every site, most of the
residents were Tonga people. Fig. 2 indicates the locations of research villages. Red points show
villages researched by other project members, and blue points show research villages added by the
author. At Site A, | chose two villages of lakeside area, five villages of middle area and five
villages of mountainside area, paying attention to differences in ecological environments.

The research period was from 20 June to 29 October 2008. The end of June was after harvest;
the end of October was just before the start of rainy season. Research methods were direct
observation and interview using a questionnaire. Research topics included kinds of human
networks, features of each network, and marriage and birthplaces.

Fig.2 Location of Research Villages

*1Seetable 1 for names of research villages.
*2 Drawn by Megumi YAMASHITA

.



Table 1 Names of Villages

Name of village Research village Name of village Research village Name of village | Research village

Al Chande [ ) A18 Kalangwa A35 Sianyuka
A2 Chilele [ J A19 Kaluli A36 Siapoke
A3 Chizu [ ] A20 Kasanse A37 Siazwela
A4 Mambova [ ] A21 Makula A38 Sikaputa
A5 Maunga [ ] A22 Malede A39 Simagwali
A6 Nagombe [ ] A23 Manyonga A40 Sinachilundu
A7 Nchete [ ) A24 Mukalanga A4l Sinagainbi

A8:Asm Siameja [ ] A25 Munyati A42 Sinalulongwe
A9 Siamvwem [ J A26 Mutwamasiku A43 Tobonte

A10:Asn Sianemba [ ] A27 Muvwali Ad4 Lusinga
A1l Siansima A [ ] A28 Muzanbalika B1:Bch Chanzika [ J
A12 Siansima B [ J A29 Siamufunde B2:Bka Kanego [ J
A13 Simwela [ J A30 Siamunyembe B3 Siajanba [ J
Al4 Sinanjola [ ) A31 Siamutuna C1 Mubanga [ ]
A15 Bbune A32 Sianchinda c2 Mwemba [ J
A16 Chagobola A33 Siangwinda C3:Csa Siachaya [ )
A17 Chimkobo A34 Siankwazi C4 Siamusana [ J

3. Overview of Human Networks

Human networks observed at research sites were kin networks, neighborhood networks,
religious networks, scholastic networks, networks in recreation, and networks in activities earning
income.

3-1. Family Networks

The following is a description of the members of kinship groups in the Tonga people. | focus
on marriage as a case study of a family network in chapter four.

The Tonga people were divided into Valley Tonga and Plateau Tonga (Fig. 3). Most people at
Sites A and B belonged to Valley
Tonga, and people at Site C belonged
to Plateau Tonga.

There were clans called “mukowa”
which were smaller groups of Tonga
than either Valley or Plateau Tonga.

The clans had names of animals like
cattle “muwiinde”, baboon

Plateau Tonga Valley Tonga
Fig.3 Sub-Group of TongaPeople “muchinba”, goat “mulea”, zebra

“mugonka’, dog “mukuli”, crocodile




“muetwa’, and rabbit “musanje”; there were also names related to plants like seed of pumpkin or
“mutanga’”. Many clans belonged to both Valley and Plateau Tonga. Members of the same clan had
uncles and nephews among men of different generations and brothers among coeval men.
Regarding the institution of marriage in Tonga, people practiced polygyny and patrilocality.
Children used the father’s name as their surname, and they succeeded their mother’s “mukowa™.
Children inherited land from their father typically; however, it was possible to inherit land from
their father’s side and mother’s side in the case of a land shortage.

3-2. Neighborhood Networks

Construction of Kariba Dam caused forced migration and remigration; it changed
neighborhood networks. In this study, | focused on village organization or typical neighborhood
networks. | discuss first the members of villages at research sites, and second the features
regarding establishment of villages on each site.

The members of villages were mixed with people of more than one mukowa or clan with
village members being autonomous units. Unused land belonged to the villages, and the headmen
and committees of villages were allowed to use it. Members of villages dealt cooperatively with
work projects like road maintenance and were recipients of aid programs such as food aid.

Regarding the establishment of villages, as can be seen in Fig. 4, new villages increased
rapidly on Site A after construction of Kariba Dam in 1957, and new ones also increased on Sites B
and C subsequently. The establishment year in Fig. 4 was the year in which the traditional chiefs
gave villages headmanship; however, it may be that people started to live there before the
establishment year. In Fig. 4, no information is shown regarding non-research villages because |
could not acquire enough information about these villages.

People were forced to migrate from the valley area at the moment of dam construction, and
they built a lot of new villages on Site A. The villages, which were located close together before
migration, still belonged to old neighborhood groups like Chilonga, Dangwe, Landani, and Njola.
The villages which developed before dam construction had the original name Buleya. But some
villages were established after dam construction. A6 of Fig. 4 was separated from A8, A40 was
separated from Al.

Fig. 5 is separated by color for each old neighborhood group in villages on Site A. Names of
villages are put in position of latitude and longitude by headman or vice headman. In Fig. 5 it is
apparent that villages of Buleya were grouped along the Nagombe River and that villages of other
groups were established around them; in particular, the villages of Chilonga and Landani were
scattered similarly.

On Site B, there was a lot of unused land. When the condition of the land worsened in new
villages on Site A, many people continued to remigrate to Site B. New villages consisted of people
who came from several villages.

On Site C, some villages were built before the construction of Kariba Dam. When land
conditions deteriorated in the new villages on Site A, many people remigrated to Site C.
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Fig. 4 Establishment of Villages
*1 See table 1 for names of research villges.
*2 Drawn by Megumi YAMASHITA
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Fig.5 Old Neighborhood Groups of Villages
*1 See table 1 for names of research villages.
*2 Drawn by Megumi YAMASHITA



3-3. Religious Networks

In the research area, most people were Christians. There were multiple sects of churches in this
area, including Pentecostal, Seventh-Day Adventist, the United Church of Zambia, and the New
Apostolic Church. Churches were built not only in towns but also in villages. Some villages had no
church and others had churches of different sects, as seen in Fig. 6. People went to church in order
to pray, typically on the weekend, although some did not go to church. Those who attended chose
their own sect from the several ones available and did not necessarily attend the nearest church. In
most couples, both went to the same church. Church provided not only a place to pray but also a
place to acquire medical treatment and education in a big town.

O village
Q /g\D Q household
O Q O i church

visit to

Q O b —> church

Fig.6 Visitsto Church by Residents

Each church sect organized 2 or 3 big meetings each year. For example, the New Apostolic Church

organized meetings for Good Friday in April and Harvest in August, in which members of every
branch participated (Fig. 7). The church also organized meetings of comity in October, which
members of branches in some districts attended. There were other small meetings like music
festivals as well (Fig. 8). People deepened their relationships with church members through the

practicing of hymns, having meals and sharing lodging during these meetings.

Fig.7 Preachingin Congregation Fig.8 Church choiréinging




3-4. Scholastic Networks

There was a basic school serving several villages, providing pupils with friends outside their
own villages (Fig. 9). Not only pupils, but also their parents acquired new relationships. Parents,
especially those in the areas of community schools managed by themselves and not government,
developed strong relationships with each other. There were very few high schools, and most
students stayed in dormitories. An example of such a high school was in Maamba, Sinazongwe
District. Given these circumstances, students in high school made many friends from a larger area
than did pupils at basic schools.

e \
._9-\ village
] basic
/l \ - school
Y .
—| high
II - school
1 commutingto
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__>commutingto
ﬂ- ——-—______- highSCh00|
\ y,

Fig.9 Commuting Areaof School

3-5. Networks in Recreation

The recreation of playing football is discussed because it involved not only players but other
people as well. During dry season, there was a football tournament in Sinazongwe district, and all
villages organized their own teams to participate. From the end of April, after harvest, to
September, about 10 teams from each zone played in a round robin tournament. From October to
November, before the start of rainy season, the top two of approximately 20 zones played in a
knock-out round for the championship.

Not only players but also supporters went to away matches; consequently, players and
supporters had good relationships. At the same time, they built intimacy with members of away
teams, with whom they had matches many times.

3-6. Networks in Income Earning Activities

Networks in activities earning income were formed through being employed by companies, as
well as through labor migration and other commercial activities.

Companies operating in research areas included agricultural companies, companies selling
small fish or Kapenta, road construction companies, and mining companies. Labor migration was
practiced in cities of Southern Province like Livingstone and Choma, the capital Lusaka, and cities
of Copperbelt Province. Commercial activities in research areas included selling products such as
cotton, okra, and fish to buyers; vegetables, fish, and forest products, for example, were sold in
local markets. Store management and truck transport were also commercial businesses in the areas.



4. Formation of Human Networks

The formation of human networks can be divided into construction of new networks and
reconstruction of existing networks. Examples of the former include marriage, school attendance,
and job obtainment, as well as migration that results in getting new neighbors. Examples of the
latter are divorce, graduation, resignation from a job, change of church affiliation and separation of
new villages from old villages, as well as migration, which can change relationships with people
around an old residence. Marriage could be included in the latter rather than the former in cases
where the two people had been relatives before marriage, thus reconstructing an existing network.
In this paper, | focus on marriage and its connection with the construction and reconstruction of Kin
networks, and discuss the formation of human networks.

4-1. Catalyst for Marriage and How Couples Met

| interviewed all couples in every village about the catalyst for marriage and how they met.
The most common answers were that they met as relatives, neighbors, schoolmates and church
mates before marriage. Other answers were that they met at markets, football grounds and
traditional dances. People formed networks of affinal relationships through use of networks as
discussed in chapter 3. In the following, I will analyze results of these interviews in detail.

4-2. Formation of Networks Throughout Marriage

| investigated marriages to explore how people formed the structure of human networks
throughout their marriages. | analyzed each birthplace of husband and wife related to proximity
between residence and birthplace, as well as their relationships with old neighborhood groups. In
this report, |1 chose Buleya villages as villages started before migration, and Chilonga villages as
villages formed through forced migration. Buleya villages chosen were Siameja, Nagombe and
Chande; Chilonga villages chosen were Sianemba, Mambova and Siansima A.

In Fig. 10, I analyzed the degree of proximity between research villages and birthplaces of
couples. In Fig. 10-1, | compared whether couples were born in villages of Site A or other areas. In
the figure, the village of Site A represents the birthplaces of both husband and wife being located in
Site A. Other area represents the birthplace of husband or wife being located in other areas.
Percentages in Village of Site A were from 57% to 80%. In Fig. 10-2, | detailed degree of
proximity between residence and birthplace when both birthplaces of the couple were located in
Site A. In this figure, RN means that the birthplace of husband or wife was located in a research
village or in the next village; NBO means that the birthplace was located two villages away, and
OSA means that the birthplace was located at another village in Site A. The rates of birthplaces of
couples that were RN were from 44% to 77%. The rate of birthplaces of couples that were RN and
NBO were from 52% to 84%. It became evident that in the villages analyzed, there were many
marriages between members of vicinal villages.
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In Fig. 11, | compared which old neighborhood groups husband and wife belonged to when
both members of the couple had been born in Site A. In these Figures, B was Buleya, C was
Chilonga, D was Dangwe, L was Landani, N was Njola, and a combination of letters in the figure
indicates the couple was from that pair of native groups. Fig. 11-1 indicates that couples born in
Buleya occupied 38% to 56% of villages of Buleya. Fig. 11-2 indicates that couples from Chilonga
occupied 31% to 37% of villages of Chilonga. From these figures, it is apparent that couples who
had resided in the same original old neighborhood groups made up the highest percentage of
couples in villages analyzed.



Conceptual Approach for Data Integration of Social-Ecological Change and Human
Activities toward Community Resilience
- from Southern Province Collaborative Research -

Mitsunori Yoshimura®, Yudai Ishimoto?, Chieko Umetsu?, Masahiro Okamoto?, Hitoshi Shinjo?,
Ueru Tanaka*, Keiichiro Matsumura®, Hidetoshi Miyazaki?, Megumi Yamashita®
'Remote Sensing Technology Center of Japan, “Research Institute for Humanity and Nature,
Graduate School of Agriculture, Kyoto University
*Graduate School of Global Environmental Studies, Kyoto University,
>Graduate School of Human and Environmental Studies, Kyoto University,
®Survey College of Kinki, Japan

Abstract

The aim of this study is to clarify the relationships between social-ecological vulnerability,
resilience and human activities from a multi-disciplinary point of view. Accordingly, this paper
describes a conceptual approach to data integration for social-ecological change and human
activities toward community resilience using multi-disciplinary data.

1. Introduction

In this study, we attempt to clarify the relationships between social-ecological vulnerability,
resilience and human activities from a multi-disciplinary point of view. We adopt the multi-spatial
and multi-temporal approaches to achieve this purpose. The multi-spatial approach refers to
recognizing phenomena on land surfaces from different spatial scales, while the multi-temporal
approach refers to summarizing epoch-making events according to the respective time period.
Until last year, we independently gathered multi-temporal and spatial data based on each research
team members’ interests. In particular, this year we established intensive research sites in the
southern province of Zambia, and they are now ready to begin data integration for
social-ecological vulnerability and resilience. This paper describes a conceptual approach for such
data integration of social-ecological change and human activities toward community resilience.

2. Phenomena and Scaling

Earth surface phenomena begin from one point and enlarge to cover wide areas. The scaling
properties of earth surface variables should be known and should guide the analysis of satellite and
GIS data. Although the identified scale data of satellite imagery is relatively well-specified
compared with other types of geographic data, it may still lack precision because such data
depends on a complex generalization process applied by the analyst. When satellite sensors detect
phenomena, they should appear homogeneous on the imagery of some spatial scales but
heterogeneous on that of different spatial scales. On the other hand, the extrapolation of point
phenomena and model estimates to large areas remain a major problem in geographic analysis, and



continued research is needed to identify appropriate sampling and scaling strategies for sparse
ground phenomena, especially in the context of regional and global assessments. It seems difficult
to introduce the relationships among various times and scale dependent on phenomena, because
those relationships change due to both spatial and time scales. Furthermore, it is necessary to
integrate variable information from isolated studies as GIS attribute data and also to establish
logistic concepts for data integration.

3. Concept of Resilience Based on Social-Ecological Environments and Human Activities

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. We depict this relationship in Figure 1.
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Figure 1 Concept of Resilience Based on the Social Environment, Ecological Environment,
Human Activities and Their Surroundings

In Figure 1, the seesaw “bar” expresses the real world, or human lifestyle. The social
environment, ecological environment and human activities are the three components of this system.
When the system is stable, it is said to be in a resilient condition. Each component will enlarge,
decrease, move, and rotate independently in response to shocks or other influences from outside
the system, shown by arrows in the figure. Real social and ecological environments exist along the
length of the bar, sometimes being stable, while at other times becoming unstable. Unstableness is



caused by unbalances among these three factors along the bar or by forces outside of the system, as
shown by the arrows in the figure. In this system, the components interact with each other without
overlapping. However, any possible overlapping within this system should be defined. We assume
that the minimum unit of this system is the community.

4. Social-Ecological Data Gathering and Their Cross Relationships

The most serious environmental problems in Africa are the pressures of large populations and
the aggravation of ecosystems caused by excessive land use. Most of the cultivation crops in
semi-arid tropic (SAT) areas already struggle under severe environmental conditions, and therefore
many cannot survive when desiccation and high temperatures advance. After the 1960s, drought
disasters caused by chronic desiccation occurred in many African countries, causing a large
decrease in viable cultivation crops. The prolonged drought caused serious food shortages,
starvation and other serious social problems in Africa. These frequent drought disasters after the
1960s occurred at the same time as the first world oil crisis. Together, these two historical events
had negative influences on the economies and political environments of African countries.
Furthermore, subsequent years have seen annual decreases in total precipitation, with famine
becoming a chronic, serious problem in many countries, causing some to become food aid
recipients. Furthermore, the protracted famine has fueled social unrest, and some African
governments have even been overturned.

To prove the concept of resilience based on social-ecological environments and human
activities, multi-disciplinary field data must be gathered and verified. For this purpose we set up
three intensive research sites, Site-A, Site-B and Site-C, in the Sinazongwe district of the southern
province of Zambia to conduct collaborative research on the resilience level of communities.
Figure 2 shows the geographical distribution of the three intensive research sites. Lake Kariba can
be seen in the lower right part of the figure. Site-A is located on the lower terrace, Site-B the
middle escarpment, and Site-C the upper terrace.
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The three sites were selected based on the terrain, location and level of community diversity.
Collaborative field investigations at each of these sites are still being conducted.

Figure 3 illustrates the cross relationships among the various types of gathered

social-ecological data. We assume that people are vulnerable against climate change and food
security. The blight blue boxes with red letters represent the impact factors on human resilience.
The gray boxes with black letters are the products of community activities. The white boxes
represent various community events and acts. The arrows illustrate cross-effect streams; for
example, climate change in the form of changing amounts of solar radiation can cause increases or
decreases in precipitation. Increased precipitation can cause flooding, while decreases can cause
drought. The government and international society, on the other hand, are triggers for social
changes. Cash, crops and land are the results of human activities for livelihood. As the figure
illustrates, in reality all of these factors affect each other either directly or indirectly.
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Figure 3Social-Ecological Data and their Cross Relationships

In Figure 3, ecological environmental change caused by climate change on the left side and
social environmental change as the result of the activities of government and international society
on the right side are the two main driving forces of this system. The ecological environment is
connected to the social environment by cash-product exchange, in which the key issue is the
market. Furthermore, local institutions and customs can also be considered in this system, as can



immigration and its related effects. In particular, immigration is an important issue to this region
because when the Kariba dam was constructed in the 1950s, the government forced the local
native tribes to emigrate from the Zambezi valley to the upper regions.

5. Future Research Directions toward Community Resilience

Resilience based on social and ecological environments and human activities, as illustrated
above in Figure 1, is the conceptual framework by which we investigate community resilience. The
data gathered heretofore and their cross-relationships (shown in Figure 2) comprise the primary
results of our field investigations. However, the interpretation of these primary results is
complicated, and thus we must make efforts to further organize this data to gain a better
understanding of resilience at the community level. We did, however, gain an increased
understanding of coping behavior in response to vulnerability: people develop several networks
that act as safety nets to survive against any possible shocks to their environment.

As for future research, we are currently investigating the following research topics in
corroboration with other multi-disciplinary research scientists.

1) Land acquisition, inheritance and strategies

2) Agriculture and livelihood activities

3) Immigration, food security and village separation

4) Pastures, livestock and treatment

5) Family networks, marriage and coping behavior in response to social vulnerability

6) Geographic conditions and coping behavior in response to ecological vulnerability

7) Coping behavior related to resilience
We are still in need of collaborators with different professional backgrounds, and it is necessary to
discuss community resilience in more detail while also expanding the scope of the research from
community level resilience to include both regional and country-level considerations.



Accumulating Multi-spatial and Temporal Data to Understand People’s Livelihoods
at the Village Level
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Abstract

We aim to use a multi-spatial and temporal approach to trace people’s livelihoods from a
village to a regional level. For this, we accumulated various spatial data and considered the
seasonal and inter-annual changes. The principal data was from satellite images, aerial photographs
and a crop allocation map determined by field investigation. Our concept of a multi-spatial and
temporal approach was used to integrate the various kinds of data.

1. Introduction

Land surface conditions such as vegetation cover and land-use/cover are reflections of the
natural environment and of human society. Thus monitoring land surface changes is crucial for
understanding the vulnerability and resilience of social-ecological systems. Spatial and temporal
scales are important factors for monitoring land surface conditions. For example, changes of
vegetation cover on a country scale generally depend on differences in the seasonal climate pattern.
Changes of vegetation and land cover on a regional scale are caused by the consequences of
environmental variability and human activities under the conditions of the climate local and the
relevant agricultural system. For this, remotely sensed satellite images and aerial photographs are
powerful tools to monitor the land surface conditions across a wide area. However, to understand
the phenomenon shown on such momentary images, field investigations and a consideration of
temporal events are indispensable.

This report describes the practicability of integrating multi-spatial and temporal data of
satellite images, aerial photographs and the results of field investigation to understand people’s
livelihood at a village level.

2. Multi-Spatial Scales for Understanding Livelihood

Figure 1 shows our concept of multi-spatial scales to understand people’s livelihood, with a
specially focus on farming, at the village level. The crop field distribution from household
activities illustrates the village; this can be seen at the largest spatial scale of a few kilometers
square. This scale equates to the field investigations of each household’s activity. The gathering
together of villages forms a community, which has a larger area. This scale of a 5-10 kilometers
square is almost the same as aerial photographs or magnified satellite images that have a 15-30m
pixel size. Furthermore, the gathering together of communities then demonstrates the region. Land
surface conditions at a regional scale can be shown in the satellite images such as those in the



Landsat series.
Here, we regard the middle scale in figure 1 as the common one for the integration of various

kinds of data. The crop field distributions generated by the field investigations are scaled up to the
common scale, and, as much as possible, the land surface conditions shown in the satellite
imageries are scaled down to the common scale. In this way, the satellite imageries can be linked to
the results of the field investigation.

Crop field distribution
— by household activities
=Village

Villages
=Community

T Common Scale

Aerial photd“g\[aphs and

satellite imageries
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Communities
—=Region

o, :

Satellite imageries

Figure 1. Concept of multi-spatial scales for understanding village livelihoods

3. Multi-temporal Understanding of the Land-use Strategy
The land surface shows various conditions that accord with seasonal and inter-annual changes.
Figure 2 shows the concept of the multi-temporal understanding of a land-use strategy at the

village level.

Seasonal change
Drought? Abundant
How to use Flood? harvest? or
fallow field? or Normal? Poor harvest?
Dry Rainy Harvesting
(cultivation)
Jl'm Aug O'ct Dec F‘eb Apr Jhn,

How much precipitation? Where is the best location as cropland?
->Depending on Natural environmental factors in land use strategy

Landuse history

Present
| | | | | —>
1960 1970 1980 1990 2000 2010
Interannual change I TDrIUgitT I Lood

Figure 2. Concept of a multi-temporal understanding of land-use strategies at the village level



Seasonal changes are essentially caused by the climate. In this study area, a year can generally
be divided into dry, rainy and harvesting seasons from the point of view of the crop calendar.
However, the change point between seasons is unclear by year. Precipitation is an important factor
when deciding the annual crop plan. Therefore, when farmers choose the best location for a
particular crop field they consider features of the terrain such as in a valley or on a ridge. The
land-use strategy of each household is influenced by natural environmental factors.

Inter-annual changes depend on the land-use history that can corresponded to various events
such as the construction of the Kariba dam, migration, population increases, and the annual
land-use strategy that accords with climate variations.

As for seasonal data, since 2007 we have carried out field investigations, and we obtained
Landsat/ETM and Terra/ASTER satellite images from after 2001. The inter-annual data consists of
aerial photographs and satellite images inform the 1970s, 80s, 90s, and 2000s.

4. Field Investigations for Crop Allocation Mapping

The crop field distribution at the village level for one year shows household’s activities related
to people’s livelihoods. In this study, the crop allocation map was generated to understand people’s
livelihoods from year to year. The study area for the crop allocation mapping is shown in figure 3.
Sites A, B and C are located in the lower terrace, middle escarpment and upper terrace, respectively,
in the Sinazongwe district, Southern province. This is the common study area for this research
project; thus many rain-gauges were installed at Sites A, B and C by the Theme-II group.

Landsat/ETM (false color) 2001/12/20

@ TargetVillage
o Household
X Raingage

Figure 3. The study area for the field investigation

Field investigations for crop allocation mapping were carried out for 221 households in the
Sianemba, Sianemeja (Site A), Kanego, Chanzika (Site B) and Siachaya (Site C) villages during
the rainy season of 2007/2008 and the dry season of 2008.



To build up the crop allocation map, we used a
portable GPS to measure boundaries at a sub-field level
that recognized different crops at Sites A, B and C. We
also carried out field
topography, soil name, crops, cultivated varieties and

interviews about names,
kinds of fertilizer with all households to understand their
coping strategies related to climate variations. Table 1
sets out the classification code and its description as
attribute information to the crop allocation map, which
shows the crop field boundaries and the attribute
information in the GIS data format.

The crop field distribution at Site B (Middle
escarpment) as a sample of the field investigations is
shown in figure 4 with an overlay of the Landsat/ETM
(Pansharpened false image) observed on 20 December
2001. The boundaries of the crop fields during the rainy
season in 2007/2008 and the dry season in 2008 are
shown in blue and yellow lines, respectively. The red
lines show fields damaged by water from a flood in
December 2007. The purple lines show fallow fields and

Table 1. The classification code
and its description about crop field

Code Discription about crop field
RCo Rainy season /Cowpea

RC Rainy season /Cotton

RFM  Rainy season/ Finger Millet
RGn Rainy season/ Groundnut
RG Rainy season/ Garden

RM Rainy season/ Maize

RO Rainy season/ Other

RP Rainy season/ Pearl millet
RSf Rainy season/ Sunflower
RSo Rainy season/ Sorghum

RS Rainy season/ Sweet Potato
D Damaged fields by water
DB Dry season/ Banana

DC Dry season/ Cotton

DG Dry season/ Garden

DM Dry season/ Maize

DO Dry season/ Other

DSu Dry season/ suger cane

DS Dry season/ Sweet Potato
RFa Fallow

RF Rental Field

a rental field from another village. From looking at the crop allocation map overlain to

Landsat/ETM, the accuracy of the positioning of each crop field location can be seen as adequate.

/™ Rainy season field
Dry season field

~~_ Damaged field

~~_ Fallow/ Rental field

| #~.. Villageboundary

o Household
' Rain gage

Figure 4. Crop field distribution at Site B during rainy and dry seasons



Figure 5 shows the crop allocation map for Site A. The code in the map legend corresponds to
that of table 1. It can be seen that maize and cotton fields dominate.
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Figure 5. Crop allocation map at Site A during the rainy season

5. Satellite Images

We obtained satellite images taken with an optical sensor at middle-high resolution to identify
crop field distributions and land surface conditions reflecting seasonal and inter-annual changes.
These images cover almost the entire Sinazongwe district in the Southern province. Table 2 lists
the satellite images we obtained from the 1970s to 2000s to identify crop field distribution and land
surface conditions according to seasonal and inter-annual changes. The spatial resolutions of
Landsat/MSS, TM, ETM and Terra/ASTER are about 80m, 30m, 30m and 15m, respectively.
Landsat/ETM has multi-spectral and panchromatic images; the resolution of the panchromatic

image is 15m.
Table 2. Satellite images obtained for the study
Satellite/Sensor period yyyy/mm/dd
Landsat/MSS 1970s 1972/11/23 1973/3/11
Landsat/TM 1980s 1986/11/17 1987/2/21
Landsat/TM 1990/3/1
Landsat/TM 19908 1995/1/26
Landsat/ETM 2001/8/30  2001/10/1  2001/12/20 2002/2/6 2002/2/22  2002/5/13
Landsat/ETM 20008 2002/8/17  2002/10/20 2002/11/21 2003/4/30 2003/6/1
Terra/ASTER 2003/7/3 2003/11/24 2004/1/11  2004/6/3

Terra/ASTER 2004/7/21  2004/8/22  2005/3/9 2005/6/13




In FY2008, radiometric and geometric corrections were done for all satellite images to
compare them and to overlay the GIS data collected in the field investigations that used GPS, such
as in figures 4 and 5.

6. Aerial Photographs

To generate the Digital Elevation Model (DEM) and the large scale topographical map of our
study area, Sites A, B and C, we obtained aerial photographs archived by the Survey Department of
Zambia. Aerial photos had been taken after the independence at a scale of about 1: 30,000 in 1965,
1970, 1980 and 1991. However, the 1965 photos did not include our study area. Thus we were able
to use aerial photographs taken in 1970 (90sheets), 1980 (67sheets) and 1991 (72sheets). Figure 6
shows a sample DEM and an Ortho aerial photo around the middle of Sites B and C.

From the aerial photographs, we can detail and analyze the terrain features by DEM and so
generate detailed topographical maps at a scale of about 1:10,000 for 1970, 1980 and 1991.

Figure 6. Top views of the Digital Elevation Model (left) and Ortho photo (right)

7. Plans and Expected Results in FY2009

We plan to analyze inter-annual changes in crop field distribution from aerial photos and the
satellite images inform the 1970s, 1980s, 1990s and 2000s to understand the land use history
related to people’s livelihoods. Seasonal changes in crop field distribution will be detected from
the satellite images taken in the 2000s based on the crop allocation map of 2007/8 to understand
coping strategies related to climate variations the effect on livelihoods. We will then examine the
relationship between crop field distribution and terrain features in drought, flood and normal years.

We are also planning to integrate data related to the household census and livestock farming
into the data of crop fields.



Constructing the Food Security Institution:
The Early Warning System and Disaster Management Policy in Zambia

Keiichiro Matsumura
Graduate School of Human and Environmental Studies, Kyoto University, Kyoto, Japan

Abstract

In Sub-Saharan Africa, establishment of an early warning system and disaster management policy
has been an urgent matter since the 1970s. In Zambia, the initial effort for enhancing national food
security started in the early 1980s. In FY 2008 research, we focused on the historical process of
establishment of food security institutions and the system of food aid by examining administration
documents in several organizations and field surveys. The purpose of my research is to analyse the
political and social process of building food security institutions in which several international
organizations have been involved, especially focusing on the establishment of the Disaster Management
and Mitigation Unit (DMMU) and the Vulnerability Assessment Committee (VAC).

This paper firstly examines the concept of ‘Food Security” that has a significant influence for
development policies in Sub-Saharan African countries. The concept and its focus have been changed
and sophisticated since the 1970s. Food aid is a main measure widely adopted to enhance the food
security in the developing countries. Especially, the U.S. has continued to be the biggest supplier of
food aid in the world. The recipient countries of food aid have increasingly shifted from Asia to
Sub-Saharan Africa in the 2000s.

The research on the food security institutions in Zambia reveals that several organizations and
systems for food security have been built with external funding since the 1980s, but many of them have
not functioned effectively enough, partly because of lack of government initiative and ownership for
those projects. In the process, United Nation’s organizations, such as FAO, UNICEF, the World Bank
and other donor agencies have played important roles as financial supporters. Nevertheless, those newly
built agencies frequently stopped their activities or reduced their functions when the financial support
ended. Since the establishment of the DMMU and VAC, the food security institution has been much
improved, but the actual implementation still has many difficulties.

In the 2008 fieldwork, we observed the actual implementation of the government food relief
programme and the distribution of maize grain in the Sinazongwe district, in which we found some
problems concerning its delivery and distribution at the local level. Our research issue in FY 2009 will
be focused on an intensive field study about those government institutions’ activities and their impacts
on local communities. By interviewing NGO staff, camp officers and local farmers, we will try to
investigate the food relief programmes and the local responses to them. Through the research, we are
expecting to reveal the social and political impact of early warning and disaster management activities
on the resilience of local communities.



1. Introduction

In Sub-Saharan Africa, establishment of an early warning system and disaster management
policy has been an urgent matter since the 1970s. In Zambia, the initial effort for enhancing
national food security started in the early 1980s. This paper shows the process of building food
security institutions in Zambia based mainly on the research from August to September in FY
2008.

The purpose of my research is to analyse the political and social process of building food
security institutions in which several international organizations have been involved, especially
focusing on the establishment of the Disaster Management and Mitigation Unit (DMMU) and the
Vulnerability Assessment Committee (VAC). These analyses suggest that United Nation’s
organizations, such as FAO, UNICEF, the World Bank and other donor agencies have played
important roles in building food security institutions in Zambia.

2. Concept of ‘Food Security’

The concept of ‘Food Security’ has a significant influence for development policies in
Sub-Saharan African countries. The concept and its focus, however, have been changed and
sophisticated since the 1970s (Pottier 1999: 11-18).

The initial concept of food security was to provide a solution to a global supply problem,
focusing on the secure flow of basic foodstuff at stable prices. It was launched at the first World
Food Conference in 1974. International societies had two concerns about the underperformance of
agriculture in the ‘Green Revolution’ area, especially in South and South-East Asia, and the
uncertainties caused by large-scale cereal exports to the Soviet Union.

In the 1970s, disasters such as drought in Sahel and floods in Bangladesh and north-east India
occurred. The humanitarian crisis in such disasters has become a critical agenda in international
development policy. But it was not until the early 1980s that a new perspective on food security
emerged. Sen’s approach on poverty emphasizing the ‘access’ to food encouraged the focus shift
from supply to demand (Sen 1981). The FAO argued that, this meant ensuring “that all people at all
times [had] both physical and economic access to the basic food that they [needed]” (FAO 1983).

In the 1990s, the concept was sophisticated much by considering multiple elements on food
security. The Rome 1996 declaration on world food security and action showed the widest possible
approach, stating:

food security, at the individual, household, national, regional and global levels...exists
when all people, at all times, have physical and economic access to sufficient, safe and
nutritious food to meet their dietary needs and food preferences for an active and
healthy life (FAO 1996: 3).

Pottier (1999: 13-14) argues that the Rome declaration reflects post-modern uncertainties and
that the nutritional status of vulnerable groups, as the delegates agreed, is determined by pathways
more complex than previously assumed.



3. Food Security and Food Aid: US and Sub-Saharan Africa

The definition of food security is now targeted to appropriate demand and access to food.
Food aid is a main measure widely adopted to enhance food security in the developing countries.
Among all, the U.S. has continued to be the biggest supplier of food aid in the world. In 2007,
44.2% of the total amount of food aid was delivered by the U.S., 24% by EU member states, 7.3%
by South Korea, 5.2% by China, 4.0% by the UN, 3.6% by Canada and 3.2% by Japan. The U.S.,
donating 61.1% in 2000, is still the most influential contributor for food security policy nowadays.

At the same time, the recipient countries of food aid have shifted from Asia to Sub-Saharan
Africa (INTERFAIS 2008). In 2000, 37.3% of the total amount of food aid was delivered to Asian
countries, while 33.4% to Sub-Saharan Africa. Until 2007, the proportion of Sub-Saharan African
countries increased to 53.7%, and those of Asia decreased to 29.4%. When we talk about food
security in the early twenty-first century, we can never neglect two major actors, the U.S. and
Sub-Saharan Africa.

The food aid programme of the U.S. is known as ‘Food for Peace’ (USAID 2004; Barrett &
Maxwell 2005). It started in 1954, through the enactment of Public Law 480 (PL 480) ‘Agricultural
Trade Development Assistance Act’, which became the world’s primary food aid programme,
providing approximately 106 million metric tons of food to three billion people in 150 countries
over the past 50 years. The main purpose of PL 480 was for market promotion, surplus disposal,
geopolitical and humanitarian assistance for Western countries. President Eisenhower said, ‘Food
can be a powerful instrument for all the free world in building a durable peace’, and again, it was
to ‘lay the basis for a permanent expansion of our exports of agricultural products with lasting
benefits to our selves and peoples of other lands’ (USAID 2004: 6). Early in his administration,
President J. F. Kennedy underlined the importance of PL 480 to the U.S. by renaming it ‘Food for
Peace’ and placing it under the U.S. Agency for International Development. By analysing the U.S.
policy of food aid, Barrett and Maxwell (2005) argued that because U.S. food aid programmes are
captive to domestic political interests, their effectiveness as development tools is limited and thus
use of food aid to achieve multiple objectives diminishes its ability to attain any one objective.

4. Food Security Institutions in Zambia

Among the Sub-Saharan African countries, Ethiopia has the longest history of organizing food
security institutions. In 1974, just after a disastrous famine in northern Ethiopia, the Relief and
Rehabilitation Commission (RRC) was established. It played an important role in distributing food,
medicine and shelter for displaced people. Subsequently, their main task shifted from emergency
relief to development programmes, for example, the promotion of conservation farming,
mechanized agriculture and resettlement.

In 1994, the organization changed its name to Disaster Prevention and Preparedness
Commission (DPPC) focusing on early warning and disaster prevention rather than development.
In 2004, a newly organized office, the Food Security Coordination Bureau (FSC), took over the
co-ordination of emergency aid that were provided by various donor agencies, such as NGOs and
UN organizations. As international donors have increasingly had concerns about food security in



Africa, various institutions have been organized and their role has been expanded.

In Zambia, the initial attempt at enhancing national food security started in the early 1980s.
Because most of these institutions were established with external funding, their ability to function
effectively through time has been highly dependent on an uncertain funding environment.

As one of the first attempts, the FAO and the government of the Netherlands provided
financial support for technical training to build an early warning unit for natural disasters (FAO
1990). The main focus of the early warning system was crop forecast and post-harvest monitoring.
It was phased out in 1988 and restarted again as a new project with the Ministry of Agriculture
(MOA), Central Statistics Office (CSO) and Meteorological Department (MET). For this, the FAO
provided more than US$ 2.4 million, but some reports have mentioned lack of budget to continue
their task as well as the problem of vertically divided administrations (FAO 1991). Since the MOA
and CSO conducted separate crop forecast and post-harvest surveys, their results were not shared
and sometimes quite different from each other.

While the early warning office at the Ministry of Agriculture and Cooperatives (MACO) was
set up as the National Early Warning Unit (NEWU), UNICEF supported the CSO in organizing the
National Food and Nutrition Commission (NFNC) in 1990, which conducted household surveys
about nutrition intake in rural areas (SADC-FANR RVAC 2005). In 1991/92, southern African
countries were hit by an extensive drought and the government of Zambia declared it as a national
disaster. Many UN organizations and NGOs operated their emergency relief programmes and the
government set a management committee for encouraging co-operation between donor agencies
and separate administrative departments. Although the Food, Health, Agriculture and Nutrition
Information System (FHANIS) were established in 1993 at the CSO with support from the FAQ, it
stopped its activities in 1998 at the end of the financial support.

In order to overcome the fragmentation of disaster management and build an effective unit,
the government set up the Disaster Management and Mitigation Unit (DMMU) under the Office of
Vice-President (OVP) in 1994. As an official provider of food crops, the National Food Reserve
Agency (FRA) was established in 1995, which purchased crops from farmers and reserved them
for emergency distribution in case of national food insecurity.

Even in the new century, droughts continued to occur every few years. In 2000/01 and
2001/02, Zambia was hit consecutively by severe droughts. Just after the drought, several
international agencies and NGOs such as the WFP, WHO, FAO, UNICEF and CARE, supported
the setting up of a Vulnerable Assessment Committee (VAC) aiming at conducting an extensive
assessment of risk for local livelihoods hit by drought. Since then, this committee has continued
assessments twice a year, usually a first rapid assessment from March to April, and a second
in-depth assessment from May to June. It was in August 2002 that the VAC conducted an
assessment for the first time. The published results are submitted to DMMU with suggestions of
needed crops as emergency relief in each district. This committee then played a central role in
disaster management and emergency food relief in Zambia. Moreover, their published report is
now almost the only publication with official information disclosure about the food relief activities
of the Zambian government.



In 2003, the Zambia Social Investment Fund (ZAMSIF), which was established in 1991 as the
second social fund in the world and the first in Africa to support the government poverty reduction
strategy, began to support the reconstruction of FHANIS. Furthermore, the World Bank started the
‘Emergency Drought Recovery Project’ from 2003 to 2005 providing US$ 57.03 million to
construct the institution for disaster management and preparedness. It is not very clear, but much of
the fund might be used for improvement of DMMU and VAC institutions. Probably because of
such huge funding support, it was in 2005 that the government of Zambia first published the
‘National Disaster Management Policy’ and finally started the systematization of disaster
management institutions, even at the local level. The severe drought that occurred in 2004/05,
which the government declared a National Disaster again in 2005, became the first case of disaster
and relief programme under the official policy.

5. Outline of VAC and DMMU Institution and Operation

The two main actors of the food relief programme in Zambia, VAC and DMMU, have now
played a significant role in cooperation with various organizations. Those players in disaster
management range from government ministries and departments, donors, the private sector, NGOs
to local community structures such as satellite committees at village level. The DMMU
co-ordinates their activities and shares the responsibility among various stakeholders. Figure 1
shows the food aid flow and relations among those stakeholders.

In the first place, the VAC organizes survey teams and sends them to each district. Many
international agencies, such as the WFP, FAO, NGOs and other government departments, such as
the CSO provide their human resources as survey team members. At the in-depth survey on June
2007, for example, the VAC sent the survey teams to 45 out of 72 districts in the country. In each
district, the survey team randomly selected fourteen Sample Enumeration Areas (SEAS), which
consisted of 300-600 households, and in each SEA, twenty households were surveyed with a
vulnerability assessment questionnaire. The questionnaire consisted of 78 questions involving
household demographics, productive asset ownership, cereal production in the previous season and
current season, cultivated area, received food aid, income sources, expenditure patterns, food
purchase, agricultural inputs, health, water supply, sanitation, coping strategy and so on.

Based on the result of the sample survey, VAC calculates the food needs and the number of
affected persons in each district and submits the report to DMMU. The DMMU make arrangements
with the organizations concerned and decide the amount of food aid to be delivered to targeted
districts. The DMMU make a memorandum of understanding with local NGOs or other
organizations that operate their activities in each district, and delegates the actual distribution of
food, in most cases maize grain. The cereals, usually stocked at the FRA’s granaries, are delivered
to targeted districts, the local NGO or another organization to take the delivery to each satellite and
distribution point in co-ordination with the District Disaster Management Committee (DDMC). A
satellite committee usually consists of one representative from each village who decides the
beneficiaries of food aid based on the government guidelines. The guidelines show that 20% of
food aid should be distributed to the most ‘vulnerable’ persons for free, such as the aged, the



disabled, orphans or widows, and 80% to the ‘vulnerable but viable’ persons through Food For
Work. The latter have to undertake work to receive food at the community project designed by the
satellite committee, such as road maintenance or brick making to build a teacher’s house.

In the 2008 fieldwork, we observed the actual implementation of the government food relief
programme and the distribution of maize grain in the Sinazongwe district, in which we found some
problems concerning its delivery and distribution at the local level. We will continue to analyse
further, the process and its impact on local communities in 2009.

6. Research Summary and Further Issue

In FY 2008 research, we focused on the historical process of establishment of food security
institutions and the system of food aid by examining administration documents in several
organizations and field surveys. This research reveals that several organizations and systems for
food security have been built with external funding since the 1980s, but many of them have not
functioned effectively enough, partly because of lack of government initiative and ownership for
those projects. Those newly built agencies frequently stopped their activities or reduced their
functions when the financial support ended. Since the establishment of the DMMU and VAC, the
food security institution has been much improved, but the actual implementation still has many
difficulties.

Our research issue in FY 2009 will be focused on an intensive field study about those
government institutions’ activities and their impacts on local communities. By interviewing NGO
staff, camp officers and local farmers, we will try to investigate the food relief programmes and the
local responses to them. Through the research, we are expecting to reveal the social and political
impact of early warning and disaster management activities on the resilience of local communities.
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Abstract

Subsistence rain-fed small holders in the semi-arid of Zamia are confronted with numerous
idiosyncratic and climate-related common risks. Such has resulted in high variations in household
income. In response, the farmers cope by utilizing a complex set of strategies to smooth income
and/or asset. A field survey of 1,000 households was conducted in the eastern and southern
province of Zambia to examine the farmers’ experiences with various shocks and measures they
took to reduce risk ex ante and to lessen and insulate from shock impacts ex post. It is found that
drought, malaria, livestock diseases, heavy rainfall, flood and dead to the bread winner or
household members are the top six most common shocks. Drought is by far the most damaging
hazards the majority of sampled households had experienced. Self-sufficiency in food production
is the most fundamental form of ex ante risk reduction. This may due perhaps to imperfect
agriculture market. Specialization on low risk and low return crop production appears to be a
limited practice. At the other end of the spectrum, diversification is widely practiced in both
provinces. However, diversification patterns differ. While small holders in the southern province
tend to diversify across various production and income generating activities, the easterners tend to
center around cash crop production. Ex post responses of farmers in the two provinces are also
different. The easterners utilize income smoothing strategies by engaging in the alternative income
generating activities and the informal insurance mechanisms to cope with crisis. The southerners
tend to engage in the increased austerity and informal insurance mechanism to survive.
Differentials in behavioral response may have reflected differences in resource endowment at the
household and community level.

1. Introduction

Zambia is a country in a semi-arid area which is an intermediate climatic region between
dessert and humid climates. The region can be characterized by variable and low annual rainfall of
approximately 250-500 mm. Since 1990, Zambian farmers have experienced six agricultural
droughts in addition to occasional floods. Climatic variation is a significant common risk that
threatens the livelihood of the subsistence, rain-fed agriculturalists. Besides, individual small
farming households face many idiosyncratic risks that are constantly lurking in the backgrounds.
Examples of the idiosyncratic risks are pests, damage from animals, fire, livestock diseases,
illnesses, etc. High risks facing the small holders result in high income variation. In response,
farmers adapt by developing a complex set of strategies to cope with risks.

The goal of this paper is to explore risks the households face and to describe how households



cope with risks. Our study area includes Southern and Eastern province. Since Southern province is
a drought prone area and the Eastern province is not, behavioral differences between households in
these two provinces may shed light on drought-induced strategic responses.

It is important to distinguish between strategies to cope with risk versus shock. While the
former refers to strategies to deal with the prospect of being affected by an uncertain event, the
latter refers to measures taken in response to a realized uncertainty. Ex ante and ex post risk coping
strategies can be literally defined as measures taken before and after experiencing shocks
respectively. Although this chronological definition is useful in conceptualizing behavioral
response to shocks, it can be misleading. Some measures adopted after experiencing the shock such
as migration can later become a permanent measure to reduce exposure to potential shock in the
future. Similarly, some ex post shock response will not be available to the household unless it was
done ex ante. For example, selling livestock during emergency requires efforts in planning, caring
and raising the livestock before the occurrence of the risky event. To avoid this potential confusion,
chronology and its functional objective are combined to define ex ante and ex post risk coping
strategies. Measures that are taken before the risky event occurs to avoid, transfer or reduce risks
or exposure to risk are considered ex ante risk coping strategies. On the other hand, measures taken
after the shocks to mitigate or insulate welfare impacts of the shocks are called ex post shock
coping strategies. The ex ante and ex post risk/shock coping strategies may be distinguished by
their behavioral objectives. While the ex ante risk coping strategies are for long-term survival, the
ex post shock coping strategies are merely for short-term survival adjustment.

2. Exante Risk Coping Strategies

The primary goal of the ex ante risk coping strategies is to smooth income. The income
smoothing strategies are ways in which households use to protect themselves against income shock
before it actually happens. This is often achieved by adopting conservative production choices and
diversifying economic activities. The income smoothing strategies may be grouped into three main
categories, i.e.:

- risk avoidance,

- risk transfer,

- risk reduction,

Moving to a new location that is less prone to the risk is an example of risk avoidance.
Relocation is not only a costly but also risky process. The expected return must be sufficiently high
to justify the move. The second category of risk coping strategies is risk transfer to a third party via
an insurance market or publicly provided safety net. Agricultural insurance is a form of risk
pooling and risk sharing that works particularly well with covariate shocks which fail other less
formal forms of small-base risk sharing. However, an absence of insurance market or an
imperfection of insurance market makes this option unlikely to be available to the rural poor.
Social safety net is also not likely to be put in place when the government, for example, Zambia’s,
is in serious fiscal distress and has high external debt. Alternatively, other less formal forms of risk



transfer that can be readily employed by the impoverished agricultural households are risk-sharing
and self-insurance. While risk-sharing is a cross-sectional transfer of risk to a group in a social
network, self-insurance is a risk transfer to oneself across time via saving. The most common and
universal form of risk sharing across social network is within household.

Thirdly, risk reduction is the most common strategies. There are three main methods of risk
reduction, i.e. diversification, self-sufficiency and specialization. Diversification reduces risk
exposure by spreading it over a portfolio of income generating activities whose returns are not
perfectly correlated with respect to the risk of concern. Diversification strategies can be done
horizontally or vertically. Horizontal diversification is a portfolio of income generating activities
that diversifies between same-types activities. Crop diversification is an example of a horizontal
diversification strategy. Vertical diversification is a portfolio that diversifies over different-type
activities. Livelihood diversification by simultaneously employing on-farm, off-farm income
generating activities is a case in point. Plot diversification may be considered a mixture of
horizontal diversification and diversification over geography. This is similar in spirit to
diversification across industry in financial investment.

While diversification aims at minimizing risk associated with income generation,
self-sufficiency aims at minimizing risk associated with expenditure. Being self-sufficient in food
production is to achieve food security by reducing risk associated with imperfect market or market
variability. Self-sufficiency is not limited to food production. In an area where labor is a limiting
factor, it is observed that self-sufficiency manifests in a form of labor hoarding by having a large
number of children. Reducing risk via diversification is costly. Poor agricultural households may
opt for specialization instead. Specialization reduces risk by focusing resources on income
generating activity that has low risk at a cost of low return. Dercon (2000) terms this type of
specialization an income-skewing strategy. Specialization does not necessarily indicate risk taking
behavior (Dercon 2000).

3. Ex Post Shock Coping Strategies

Consumption smoothing and asset smoothing are two main methods of ex post shock coping
strategies. The consumption smoothing refers to shock coping strategies that aims at defending
consumption level by either involving in alternative income generating activities or drawing down
either buffer or productive assets. The asset smoothing refers to shock coping strategies aims at
defending a threshold level of asset that may be called “Micawber threshold” (Lipton 1994) below
which the household will fall into a poverty trap and will not be able to recover unassisted. Asset
smoothing is generally accomplished by cutting down consumption level. While the wealthy
households tend to use consumption smoothing as their primary strategy to cope with shock,
poorer household tend to use a combination of consumption and asset smoothing. The
impoverished adopt consumption smoothing at first by drawing down asset until the productive
assets approach the Micawber threshold at which point the households tend to switch to asset
smoothing (Zimmerman and Carter 1999). It is possible that the poor household may revert back
from asset smoothing to consumption smoothing strategy when their immediate survival is at risk



(Dercon 2000). When the productive asset of the household is already at the Micawber threshold
level prior to the shock, poor farmers is found to respond to crisis in the following sequence: asset
preserving, asset depletion and destitution (Dreze 1990).
Post shock behavioral responses to mitigate impacts of the shock may be categorized into five
types by their salient characteristics (Takasaki, Barham, and Coomes 2002):
- alternative income generating activities (natural resource collection, fishing, making
charcoal, theft, prostitution),
- dissavings (drawing down food stock or selling off assets),
- informal insurance mechanism (mutual insurance, gift exchange, remittance, borrowing,
relief food),
- labor adjustment (taking children out of school, increased child and female labor market
participation)
- increased austerity (meal substitution, meal reduction, reducing household items,
postponing health care expenditure).
The first four categories share one common goal, i.e. raising additional income and
consumption to compensate for the shortfall as a result of shocks, which is consumption smoothing.

The austerity measures, on the contrary, allow consumption to fall further to, perhaps, preserve
productive asset, which is asset smoothing.

4. The Data

The data used in this paper is from the Research Institute for Humanity and Nature’s
Agricultural Household Survey (RAHS) conducted in March-April of 2007. The RAHS of
2005/2006 agricultural season is conducted to supplement Post Harvest Survey (PHS) conducted
annually by the Central Statistical Office of Zambia. The primary purpose of this survey is to
assess vulnerability and resilience of subsistence small holders to climatic variations.

Sampling method of RAHS is based on PHS’s stratified random sampling. The population is
first stratified into standard enumeration area (SEA) with probability of being selected being
proportional to its size in the first step. In the next step, a number of small farming households
living in selected SEA, which cultivates on more than 0 hectare to no more than 15 hectare of land,
will be selected. The sampling frame of SEAs is based on Census of Population and Housing in
2000. In total, 410 SEAs were sampled for PHS.

The RAHS 2005/2006 covers 59 SEAs previously selected in PHS 2004/2005 in Eastern and
Southern Provinces. The 59 SEAs were randomly chosen with 32 and 27 SEAs for Eastern
province and Southern province respectively. The distributions of SEAs by district are shown in
the table below:



Table 1: Numbers of Selected SEAs by District

District No. SEA The selection of the SEAs is not designed to
Eastern Province represent provincial situations. This is not
Katete 11 hecessary a drawback because the focus of this
Mambwe 3 . . .
Nyimba 4 Survey is to examine behavior at household level
Petauke 14 and not to obtain provincial estimates as it is
Sunb-total 32 usually done in the PHS.
Southern Province A total of 20 households that were
Choma 8 . . . .
Gwembe ) previously interviewed in the PHS 2003/2004
Kalomo 7 and 2004/2005 are chosen from each SEA. The
Monze 7 expected sample size is 1,180 households.
Sinazongwe 3 However, CSO actually attempted to conduct
Sunb-total 27

an interview on 1,156 households of which 1,011
households completed the interview. This constitutes an attrition rate of 12.5 percent. Important
reasons for failure to get complete response are (i) moving out of SEA, (ii) non contact, and (iii)
households dissolved.

5. Results

The paper presents the results by proceeding from what can be loosely characterized as ex
ante risk coping strategies, types of shocks and ex post shock coping strategies. The ex ante risk
coping strategies focuses primarily on examining various methods of diversification the farmers
employed.

Ex Ante Risk Coping Strategies
Livelihood Strategies

Table 2 shows some household characteristics. On average, the small holders maintain
relatively large household size around 7-8 person per household. Household in Southern province
is slightly larger than that in the Eastern province, i.e. 7.8 vs. 6.7. The larger household size of the
southerners is due partly to more prevalence of polygamous households. Larger household size
allows the households flexibility to pool resources and share risks by taking advantage of
household return to scale and labor supply they need during peaked demand season.

A picture that emerges from Table 2 is that the small holders in Southern province appear to
be relatively more diversified in their livelihood strategies than their counterpart in the Eastern
province. While between one-sixths and one-fifth of the Southern households engaged in off-farm
income activities, only one-eighth of the Eastern households did so. While 3 percent of Eastern
households engage in giving/receiving remittance, nearly 10 percent of the Southern households
involved in an informal insurance of risk sharing. Against this background, it is interesting to note



that household head with no education and female headed households® are clearly higher in the
Eastern than in the Southern province. Both suggest lower investment in human capital among the
easterners.

Table 2: Household Characteristics

Household Eastern Southern All
Size 6.7 7.8 7.2
Polygamous household (%) 12.1 28.6 19.6
Female HH head (%) 21.1 18.2 20.1
HH head w/o education (%) 33.7 8.4 22.2
HH involved in wage employment (%) 12.5 18.2 15.1
HH involved in business (%) 12.9 22.1 17.0
HH give/receive remittance (%) 2.7 9.8 5.9
No. of sampled HH 552 459 1,011

Table 3 provides details on the type of wage income employment available in both provinces.
The pattern is similar in both provinces. Their primary employment source is from their small farm
neighbors. It is interesting to observe that the second largest source of wage income for the
Southern households is civil servants.

Table 4 shed light on the type of formal and informal business activities. Both provinces are
quite different in their business livelihood strategies. While charcoal production, shop-owner,
livestock trading and builder are four most important businesses in the south, shop-owner, vender,
agricultural trading and local brewing are for the east. The differences may reflect different
resource endowment between the two regions in our study areas. The Southern area in our study
sample is relatively richer with forest and other natural resources; and that may explain the greater
prevalence of charcoal production, builder and livestock trading. On the other hand, our samples in
the Eastern province are located in relatively flat land and have better access to roads. That
probably explains why a high percentage of the farmers in the Eastern province engaged in
retailing, market vending, agricultural trading and brewing. The business activities appear to be
vertically more diverse (by industry) in the east than in the south.

! Death to the male household head and dissolved marriage are two likely causes leading to female

headed household. Premature death to the male household head is an indicator of household health.
Income of female headed farming households is generally lower than that of the male counterpart; and the

lower income can potentially have adverse impact on child nutritional and health status.



Table 3: Type of Wage Employment by Province

ACTIVITY Eastern Southern All

No. % No. % No. %
On smallholder farm 55 67.1 57 49.6 112 56.9
On commercial farm 0 0.0 3 2.6 3 1.5
In a factory - - - - - -
In a mine 1 1.2 0 0.0 1 0.5
Other industrial work 3 3.7 1 0.9 4 2.0
Teacher 2 2.4 19 16.5 21 10.7
Other civil servant 1 1.2 9 7.8 10 5.1
Clerk 0 0.0 1 0.9 1 0.5
Shop attendant - - - - - -
Non-agricultural piece 8 9.8 5 4.3 13 6.6
Other 12 14.6 20 17.4 32 16.2

Note: No. represents frequency and not the number of households. Some households reportedly engage in

multiple wage income activities.

Table 4: Type of Formal and Informal Business Activity by Province

. . Eastern Southern All
Business Activity

No. % No. % No. %
Agricultural trading 9 11.7 4 33 13 6.6
Livestock trading 1 13 10 8.3 11 5.6
Retailer /shopowner 16 20.8 15 12.4 31 15.7
Marketer/hawker/vendor 9 11.7 9 7.4 18 9.1
Firewood/charcoal production 1 1.3 16 13.2 17 8.6
Carpentry 3 3.9 1 0.8 4 2.0
Builder 1 1.3 9 7.4 10 5.1
Local brewing 9 11.7 3 2.5 12 6.1
Butchery 2 2.6 0 0.0 2 1.0
Agriculture services - - - - - -
Milling 4 5.2 3 2.5 7 3.5
Oil processing 1 1.3 0 0.0 1 0.5
Agro processing - - - - -
Tailor 0 0.0 1 0.8 1 0.5
Bicycle repair 2 2.6 0 0.0 2 1.0
Weaving 5 6.5 8 6.6 13 6.6
Blacksmithing 2 2.6 3 2.5 5 2.5
Traditional doctor - - - - - -
Fishing & selling 0 0.0 11 9.1 11 5.6
Precious stone mining 0 0.0 1 0.8 1 0.5
Other 12 15.6 27 22.3 39 19.7

Note: No. represents frequency and not the number of households. Some households reportedly engage in

multiple business income activities.

Crop Strategies

Table 5 provides details of farmers’ crop choices. Nearly every household in both provinces
grow maize which is Zambia’s staple crop. Other cereal crops such as millet and sorghum that are
relatively more drought resistant are not well practiced in both provinces. The second most
common crop in both provinces is groundnuts. Around 50% and 60% of households in Eastern and
Southern province respectively grow groundnuts. The striking difference is the prevalence of



cotton which is the second most important crop for the Eastern province. While one in two Eastern
households grow cotton, only one every five Southern households do so. Cotton is a relatively
capital intensive crop; and production by subsistence households is usually unlikely unless they
can have an access to credit via an out-grower scheme. Sunflower plays important role in the
Eastern province. Approximately, two of every seven households grow sunflower which is another
cash crop for oil production. A quarter of households in Southern province grow cowpeas and
sweet potatoes which is a low risk low return crop. Dercon (2006) found that households with less
liquid tend to grow more sweet potatoes.

Overall, self-sufficiency in food production either completely or partially appears to be a
basic strategy in both provinces. Portfolio composition of the Southern province seems to contain
significantly higher proportion of low risk and low return crops. The easterners’ portfolio, on the
other hand, contains high concentration of high return cash crops.

Table 5: Crop Choice by Household and Province

Crop Eastern Southern Total

Household Percent| Household Percent| Household Percent
Maize 535 96.9 441 96.3 976 96.6
Sorghum 19 3.4 56 12.2 75 7.4
Rice 10 1.8 3 0.7 13 1.3
Millet 0 0.0 56 12.2 56 5.5
Sunflower 162 29.3 49 10.7 211 20.9
Groundnuts 261 47.3 275 60.0 536 53.1
Soyabeans 13 2.4 5 1.1 18 1.8
Seed cotton 277 50.2 104 22.7 381 37.7
Irish potato 0] 0.0 0 0.0 0 0.0
Virginia tobacco 3 0.5 4 0.9 7 0.7
Burley tobacco 6 1.1 1 0.2 7 0.7
Mixed beans 22 4.0 14 3.1 36 3.6
Bambara nuts 0 0.0 20 4.4 20 2.0
Cowpeas 3 0.5 114 24.9 117 11.6
Velvet beans 0 0.0 11 2.4 11 1.1
Coffee 0 0.0 0] 0.0 0 0.0
Sweet potato 10 1.8 98 21.4 108 10.7
Casava 0 0.0 2 0.4 2 0.2
Kenaf 0 0.0 0] 0.0 0 0.0
Cashew nut 0 0.0 0 0.0 0 0.0
Paprika 1 0.2 0 0.0 1 0.1
Other crops 0 0.0 0 0.0 0 0.0
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Figure 1: Crop Portfolio by Crop Type

To gain further insight into how households’ crop portfolio strategies, | look into crop
combination by categorizing each crop in table 5 into cereal, root, seed or oil, or cash crop. Figure
1 shows that low diversification is untypical. Farmers tend to diversify over two or more crop types.
Cereal crop appears to be the only exception with Southern province leading in growing cereal
crop only. Cereal-oil crop combination is the most prevalent in the Southern province. In Eastern
province, cereal-cash-oil and cereal-oil crops are equally popular practices. Since oil crop is also
cash earning crop, the dominant characteristic of the easterners’ portfolio is an emphasis on cash
crop. The crop portfolio of the Southern province seems to emphasize cereal crop. It is interesting
to note that root crop is not grown independently but in combination with cereal crop only.
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Figure 2: Household Crop Diversification by Crop Type

Figure 2 show that Eastern province is slightly more likely to adopt diversified portfolio
across crop types. Two-crop type appears to be the most common strategy. Higher level of

diversification is also significant in both provinces.
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Figure 3: Vegetable/Fruit Selling Household

However, when garden activities are examined, it is found that the small holders in Southern
province are more likely to involve in selling vegetable or fruits. While 2 in every seven
households in Southern provinces sell fruits or vegetables, only 1 in every six households does so
in the Eastern province.

How land is allocated to each crop can be an indicator of relative significances of each crop.
Table 6 shows average household land allocation by crop type. The patterns are very similar across
provinces. The marked difference is the greater emphasis the southerners place on cereal crops
whereas the easterners tend to have greater preference for cash crops.

Table 6: Average Household Land Allocation by Crop

Land Allocation Eastern Southern All
% Land allocated to cereal crop 63.0 70.0 66.2
% Land allocated to cash crop 42.7 34.3 40.3
% Land allocated to oil/seed crop 24.7 26.6 25.6
% Land allocated to root crop 12.7 13.3 13.2

Asset Holding Strategies

Table 7 provides details of productive asset the households reportedly owned. Bicycles are
equally common in both provinces. Approximately 60 percent of the households own bicycles.
Two-thirds of the households in Southern province owned ox-drawn ploughs but only one-third
owned them in the Eastern province. Scotch-cards and sprayers are equally popular assets to own
in both provinces. This is where the similarity in asset holdings ends. Overall, the asset portfolio of
the Eastern province’s households is comprised of narrow base which is mainly the four
aforementioned types. The productive asset portfolio of the Southern province’s households is

more diverse. There are seven and four asset types that more than 10 percent of households have in
Southern and Eastern province respectively.



Table 7: Productive Asset Holding by Type

Asset Type Eastern Southern Total

Number of HH Percent|] Number of HH Percent] Number of HH Percent
Ox-drawn ploughs 195 35.6 296 64.9 491 49.0
Disc ploughs 13 2.4 11 2.4 24 2.4
Harrows 1 0.2 102 22.5 103 10.3
Cultivators 4 0.7 108 23.7 112 11.2
Rippers 4 0.7 13 2.9 17 1.7
Tractors 0 0.0 6 1.3 6 0.6
Hand driven tractors 1 0.2 2 0.4 3 0.3
Scotch carts 120 21.9 105 23.1 225 22.5
Water pumps 2 0.4 5 1.1 7 0.7
Trucks / lorries 1 0.2 7 1.5 8 0.8
Pick-ups / vans / cars 7 1.3 8 1.8 15 1.5
Trailer truck / tractor 0 0.0 3 0.7 3 0.3
Motorcycles 8 1.5 11 2.4 19 1.9
Bicycles 325 59.4 267 58.7 592 59.1
Hammer mills 6 11 11 2.4 17 1.7
Hand hammer mills 1 0.2 78 17.1 79 7.9
Rump presses / oil expellers 2 0.4 2 0.4 4 0.4
Sprayers 134 24.5 101 22.2 235 23.5
Shellers 2 0.4 3 0.7 5 0.5

Livestock Holding Strategies

Figure 4 shows average holding of livestock by types. It is apparent that the southerners are

holding equal or more livestock, on average, in nearly every category. An exception is pig. The

Southern province farmers show strong preference for high value animals, i.e. cattle. For cattle, the

ratios of the average holding between the two provinces are approximately 2:1 or higher. Goats and

chickens are also significantly higher in the Southern province. This is due, perhaps, to greater

availability of community forest in the Southern province.

When livestock ownership is examined by household, it is found that approximately 10

percent of households owned no animal. Eastern province has higher proportion of livestockless

households than the Southern province by 5 percentage points. The proportions of households

owning livestock in Southern province are higher than those in the Eastern province in every

category of livestock.

Table 8: Livestock Holding by Household

Livestock Eastern Southern All
None 13.8 8.5 11.4
Cattle 46.0 56.6 50.8
Pig/Goat/Sheep 63.8 65.9 64.8
Poultry 69.9 87.1 77.7
Donkey 0.5 2.0 1.2
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Figure 4: Livestock Holding Per Household
Table 9 summarizes animal holding strategies. The patters are quite similar between the two
provinces. Farmers simultaneously hold cattle, pig/goat/sheep and poultry in their livestock

portfolio. The second most popular portfolio is to hold pig/goat/sheep and poultry.

Table 9: Livestock Diversification

Livestock Eastern Southern All
None 13.77 8.52 11.39
Cattle only 3.44 0.87 2.28
PGS only 7.43 1.53 4.75
Poultry only 11.96 14.63 13.17
Donkey only - - -
Cattle & PGS 5.07 1.97 3.66
Cattle & poultry 6.88 9.39 8.02
Cattle & donkey - - -
PGS & poultry 20.29 18.56 19.5
PGS & donkey 0.36 - 0.2
Poultry & donkey 0.18 - 0.1
Cattle, PGS & poultry 30.62 42.58 36.04
Cattle, PGS & poultry - - -
Cattle, poultry & donkey - 0.66 0.3
PGS, poultry & donkey - 0.22 0.1
Cattle, PGS, poultry & donkey - 1.09 0.5
Type of Shocks

Figure 5 displays types of shocks households had experienced in the past six year between
2001 and 2006. Farmers in both provinces experienced similar kind of shocks. Drought, malaria,



livestock diseases, loss of employment, heavy rainfall and death to household members are top five
types of shocks the households in Southern province reported to having experienced. In Eastern
province, drought, malaria, livestock diseases, heavy rain and floods were five most familiar
shocks to households. Although drought is the most common type of shock in both provinces, the
scope was much wider in the Southern than in the Eastern province counterpart. Three quarter of
households reported to experience drought in the Southern province whereas about one-half of the
Eastern province’s households reported so. Flooding seems to be more common in the Eastern than
in the Southern.

When respondents were asked to provide subjective evaluation of each type of shocks,
drought is clearly the most severe shock to the subsistence farmers of both provinces. And it is
more severe in the Southern than in the Eastern province (see Figure 6). Heavy rainfall,
nevertheless, is rated more severe in the south than in the east. This is due probably to Southern
province’s topographical condition that is on a plateau and sloppy. Heavy rain may quickly wash
away farmers’ crops. On the other hand, floods are reported to cause relatively more damage in the
east than in the south. The pattern of shock severity closely resembles the pattern observed in the
prevalence rates as mentioned above. In all, climatic related shock is the principal risks threatening
the small holders’ livelihoods.
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Figure 6: Subjective Evaluation of Severity of Shocks Weighted by Prevalence Rate

Table 10 shows an aggregation of hazards into two categories, i.e. idiosyncratic and covariate
shock. It reveals an interesting pattern. ldiosyncrasy is the primary shocker to the Eastern
province’s households whereas the southerners largely suffer a mixture of idiosyncratic and
common shock s. interestingly, one-third of Eastern households failed to report any shock
experienced during the past 6 years. The proportion of no shock reported or failing to report any
shock in Southern province is only one-tenth.

Table 10: Household Experiencing Shocks in the Past 6 years, 2001-2006

Shock Eastern Southern Total
None/No report 32.1 11.6 22.8
Idiosyncratic only 32.2 36.5 34.2
Covariate only 8.5 5.9 7.3
Idiosyncratic & covariate 27.2 46.1 35.7

Ex Post Shock Coping Strategies

Figure 7 displays how farmers cope at time of drought. Patterns are markedly different
between the two provinces. While easterners turn to piece work as their chief solution, the
southerners cut down their meals and relying on relief food. This may reflect different job
opportunities in the two provinces. Selling assets to smooth consumption is almost equally popular
in both Eastern and Southern province.

When each of every coping strategy is characterized into five major strategic groups, it is
evident that approach to deal with shocks of the two provinces is distinctly different (see Table 11).



The households in Eastern province employ alternative income generating activities to compensate

for the income shortfall. If successful, such strategy can help to smooth both income and asset. The

southerners, on the other hand, adapt to hazards by increasing austerity and relying on informal

insurance mechanisms. Labor adjustment at time of crises is not a likely practice in both provinces.
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Figure 7: Drought Coping Strategies

Table 11: Ex Post Shock Coping Strategies by Selected Hazard

. . . Livestock Heavy Death of
Coping Strategies Drought  Malaria diseases rainfall Floods Theft t?read Average
winner
Eastern
Alternative income generating activities 42.3 42.1 35.7 17.1 333 21.4 41.7 33.4
Dissavings 11.4 5.3 3.6 2.9 10.0 7.1 0.0 5.7
Informal insurance mechanisms 15.1 26.3 32.1 51.4 20.0 35.7 8.3 27.0
Labor adjustment 0.4 5.3 0.0 0.0 0.0 0.0 8.3 2.0
Increased austerity 26.1 10.5 10.7 28.6 20.0 21.4 25.0 20.3
Others/unknown 4.8 10.5 17.9 0.0 16.7 14.3 16.7 11.5
Southern
Alternative income generating activities 14.7 9.2 6.5 8.5 26.7 14.3 5.9 12.2
Dissavings 13.2 0.0 8.7 8.5 13.3 3.6 5.9 7.6
Informal insurance mechanisms 23.7 14.3 7.6 8.5 20.0 7.1 11.8 13.3
Labor adjustment 1.2 1.0 0.0 2.1 0.0 0.0 0.0 0.6
Increased austerity 35.3 9.2 22.8 29.8 40.0 10.7 5.9 22.0
Others/unknown 12.0 66.3 54.3 42.6 0.0 64.3 70.6 44.3

6. Conclusion and Discussion

In Southern and Eastern province of Zambia, small scale farmers are facing substantial

livelihood risks that result in high variability of their living standard. In response, they develop a

complex set of risk coping strategies to avoid, transfer, or reduce risks before crises and to mitigate

or insulate welfare impact after experiencing shocks. Drought, malaria, livestock diseases, heavy

rainfall, flood and dead to the bread winner are the top six hazards the small holders reportedly

experienced in the past six years between 2001 and 2006. Drought is by far the most damaging



hazards the majority of sampled households had experienced.

There are several ways for households to cope with risk before it occurs. Risk avoidance, risk
transfer and risk reduction are three main strategies. This study focuses attention on risk reduction
because it is the most commonly practiced form of risk coping. Risk reduction can be achieved by
diversification, self-sufficiency and specialization. Among the three, specialization in a low risk
low return livelihood system seems to be limitedly practiced. Self-sufficiency in food production,
on the other hand, is the fundamental and most common strategies. An absence or imperfect market
system may have contributed to the prevalence of self-sufficient strategies. In addition, farmers in
both provinces engage in various diversification strategies which include livelihood diversification,
crop diversification, plot diversification, asset diversification, and livestock diversification.

The small holders in Southern and Eastern provinces approach diversification strategies
differently. In comparison to households in Eastern province, farmers in Southern province are
more likely to have larger household size, engage in wage and business income activities, give and
receive remittance which is a form of informal risk sharing, sell vegetables/fruits, hold more
diverse type of assets, hold more diverse type of livestock. Crop portfolio of the southerners is
relatively more defensive by giving greater emphasis on cereal crops which has low market risk
while the easterners put a great deal of importance to cash crops that are more susceptible to
downside risk. If one looks at diversification as a spectrum where the vertical diversification is at
one end and the horizontal diversification is at the other end, the risk coping behavior of the
southerners is likely to locate closer toward the complete vertical diversification; and the
easterners’ behavior is located closer to the complete horizontal diversification by emphasizing
diversification by cash crop choice that will yield the highest possible return.

Ex post shock coping strategies of the two provinces are also apparently different. The
easterners utilize income smoothing strategies by engaging in the alternative income generating
activities and the informal insurance mechanisms to cope with crisis. The southerners tend to
engage in the increased austerity and informal insurance mechanism to survive. It is uncertain
whether the adoption of austerity measures might indicate asset smoothing strategy. More study is
needed to better understand motives of their behaviors. It should be cautioned that the ex post
crisis coping strategies of the small holders in Southern province are quantified with relatively less
degree of precision than those of the Eastern province. The significant proportions of
other/unknown category of the shock coping strategies in Southern province may indicate
misreported errors.
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Abstract

Crop diversification is considered as a resilience mechanism followed by farmers in different
regions. Socio-ecological systems of coastal areas are more vulnerable to the impact of climatic
changes. In the present paper, it is shown that there exists wide spatio-temporal disparity in the
diversification of crops in the coastal districts of Tamil Nadu State, India. This is done by
constructing a crop diversification index which provides a basis for ranking the different districts.
So in those regions which are more vulnerable for climatic change, more diversification of crops
must be attempted to avoid risk of crop failure and loss of income and employment to the rural
people.

1. Introduction

Socio-ecological system of coastal areas are usually fragile and sensitive to vagaries of
weather. They are more vulnerable to the impact of climatic changes. For such a society faced with
diminishing natural resources and every increasing demand for food consumption and food
security due to increase in population growth, agricultural intensification including fisheries is the
only course of action for future growth of agriculture. Agricultural intensification can be
achieved by changes in cropping pattern or crop diversification. It is certainly an important
component of the overall strategy for small farm development. It is usually viewed as a risk
management strategy. It also provides for self provisioning in the context of non-monetized
traditional system. As market opportunities develop and or risks are somehow reduced, the
enterprise mix begins to respond to market forces and it was this perspective which was more
relevant in the context of altered economic environment. Agricultural diversification really started
in the early eighties in India and it has picked up momentum over the recent past and farmers were
always quick to diversify into higher value crops as market opportunities developed.

Crop diversification has lot of benefits food & nutrition security, income growth, poverty
alleviation, employment generation, judicious use of land and water resources, sustainable
agricultural development and environmental improvement. To improve the incomes, to provide
gainful employment and to stabilize the income flow, diversification of crops emerges as a major
strategy. Besides in several circumstances diversification is needed to restore the degraded natural
resource base or to enhance the value of natural resources. In several instances cropping systems
have been diversified or new cropping systems have been introduced to retain or to enhance the
value of natural resources principally land and water. There is also the claim that diversification
tends to stabilise farm income at a higher and higher level. This happens when the pattern of



diversification is such as to accommodate more and more rewarding crops. This is particularly
important for the small farmers who strive to make their farms viable (Saleth, 1995).

2. Earlier Studies on Diversification

Saran and Kaur (2002) analyzed the changes in cropping pattern in Punjab during 1970-71
and 1996-97. The study revealed that in almost all the districts in Punjab, specialization was
mainly due to agricultural development. Availability of agricultural inputs and institutional factors
and infrastructural facilities are essential for attaining most desirable land use patterns best suited
to the region. The study indicated that the economic reforms and new international scenario are
likely to promise further changes in land use pattern and crop diversification as well.

Shiyani and Pandya (1998) examined the levels of crop diversification in different agro
climatic zones over a period o time. The study observed that the farmers have shifted their
cropping pattern from the subsistence crops to the commercial crops. On an average, relatively
higher growth rates of acreage under tur castor, rapeseed, mustard, sugarcane, maize and wheat
were found in different agro climatic zones of Gujarat, whereas negative compound growth rates of
acreage under pearl millet, jowar and cotton were noticed in most oft the zones. The study
suggested the establishment of agro processing industries and infrastructural facilities, arrangement
for crop protection, construction, maintenance and management of irrigation works, research
prioritization, distribution of quality seeds and seed materials of the specific crops in the specific
zone on the basis of cropping pattern and need of the people of the region.

Ajjan and Selvaraj (1996) analyzed the impact of crop diversification among the small tea
growers in the Nilgiris district of Tamil Nadu. The results showed that there had been a major shift
in cropping pattern. The area under potato registered negative growth (-8.58 per cent and the area
under tea showed positive growth (5.19 per cent). The economics of crop diversification revealed
that tea generated a higher rate of return as compared to potato. It was also observed that the land
value of tea increased substantially to Rs.1.59 lakh per ha for potato due to diversification. The
crop diversification also had a positive effect on soil conservation and ecology.

Lathar et al.(1996) examined the prospects of enhancing the income of the marginal and
small farmers through diversification of farming in Sonepet district of Haryana for the year
1993-94. The results revealed that the farmers of both the categories were found to be quite close
to the optimal plan which was derived by considering the commonly prevalent crop production
activities at the existing level of technology. However with the adoption of advanced production
technology being followed by the top 10 per cent of the progressive farers for various crops and
high value farm products, the return over variable cost increased by 356 and 184 per cent over the
base period for marginal and small farms respectively. Similarly, it was also found that the
magnitude of gainful employment has also increased by 30 and 71 per cent over the base period in
the case of marginal and small farms respectively. The study suggested that for achieving the gains
of diversification of farming, there is an urgent need for further strengthening the required
infrastructure pertaining to input supply system, marketing system and the existing research and
extension programmes to increase the adoption of advanced production technologies.



Sharma et al. (1996) examined the growth of production of different crops in Rajasthan and
the changes that had taken place in the cropping pattern from 1960-61 to 1993-94. The results
showed that there was a major breakthrough in the growth rate of area and oilseeds at 8.45 and
13.2 per cent respectively resulting in high growth of production at 32.42 per cent per annum. Crop
wise results revealed the declining share of cereals in gross cropped area was due to declining
share of bajra®, (from 30.2 to 24.5 per cent), jowar" (from 7.6 to 4.1 per cent) in kharif? and barley
(from 3.0 to 1.1 per cent) in the rabi® season. The share of wheat crop in the gross cropped area has
increased from 7.8 per cent to 10.5 per cent. Thus the cropping pattern had changed in favour of
remunerative crops and it had not affected food security adversely as there is enough scope to
increase the cropped area.

Saini et al. (1996) in their study on the impact of diversification on small farms economy in
Kangra district of Himachal Pradesh observed that the diversification of arable farming systems
with commercial enterprises such as high yielding milk animals, poultry birds, bee-keeping,
floriculture etc. resulted in a marked increase in the farm income from 6 to 138 per cent. Similarly
the capital and credit requirement showed an increasing trend with the extent of diversification
implying thereby that to diversify the existing farming systems with the most systematically,
remunerative and technically feasible enterprises, adequate facilities should be made available by
the financial institutions.

Given the importance of crop diversification under the changing scenarios, a study was
undertaken to examine the crop diversification in coastal districts of Tamil Nadu over years and to
suggest suitable policy options for furthering the diversification towards the sustainability of
agriculture in the region.

3. Date Base

The data for the analysis consisted of area under different crops grown at nine coastal
districts of Tamil Nadu (see, Figure 1) during 1980-81, 1985-86, 1990-91, 1995-96, 2000-01 and
2005-06. Nine major crops grown in the coastal districts were selected. The details of the coastal
districts and the crops selected for the study are given in Table 1.

Table 1. Coastal Districts of Tamil Nadu and Crops Selected for Study

Coastal Districts Crops selected for the study

Kancheepuram, Cuddalore, Nagapattinam, .
] ] Paddy, Cholam, Maize, sugarcane, Cotton,
Thanjavur, Pudukottai, Ramanathapuram, o
Groundnut, Chillies, Banana and Total pulses

Tirunelveli, Thoothukudi and Kanniyakumari

1 A millet crop largely grown in many States of India
2 A crop season from June to October
3 A crop season from November to Februrary
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Figure 1. Agro Climatic Zones of Tamil Nadu and its Position in India (Inset)

4. Methodology

There are different indices used to measure crop diversification. These indices measure by a
single quantitative indicator, the extent of dispersion and concentration of different crops at a given
point of time and space, i.e., these indices are calculated for each 5 year time period from 1980-81
to 2005-06 for each coastal district of Tamil Nadu. Shiyani and Pandya (1998) also have used
similar indices to study the diversification of agriculture in Gujarat State, India. Below we discuss
the most commonly used indices of diversification and their properties.

(a) Hefindahl Index (HI)
The Hefindahl Index is the sum of the squares of the acreage proportion of each crop in the
total cropped area. That is,

It can be shown that this index attains a minimum value equal to 1/N when p; = 1/N (i =
1,2.3..N), and N is the total number of crops, that is, when maximum diversification occurs. It
attains a maximum value of 1 when N = 1, that is, when there is a single crop or when complete
specialization occurs.



(b) Entropy Index (EIl)
This is a measure widely used by research workers. Unlike Herfindahl Index, the Entropy
Index increases with increase in diversification. It is defined as

El = _i Pi In(pi)

It reaches a maximum value of log(N) when p; = 1/N (i = 1,2.3..N), that is, when maximum
diversification occurs. It reaches a minimum value of 0 when there is only one crop, that is, when
specialization happens. The EIl has a limitation. Since the upper limit of EI is log(N) ( which
depends on N), it can’t be used to compare the degree of diversification in different locations
where different number of crops are grown. This limitation is overcome by defining a Modified
Entropy Index.

(c) Modified Entropy Index (MEI)
This index is defined as

i=N
MEI = _Z P IOgN (pi)
i=1

Hence MEI is same as El except that the base of the logarithm is N. It can be shown that at
maximum diversification, this index takes a value of 1 and at maximum specialization it attains a
value 0f 0. The MEI provides an uniform and fixed scale and hence it is used as a norm to compare
and rank the extent of diversification spatially. Hence in the present study this index has been used
to rank the different coastal indices. Table 2 provides a summary of the three different measures of
diversification and their properties.

Table 2. Characteristic features of different measures of diversification

Is

Value at ranking
Value at Perfect
Index Formula Measure of . o Perfect of
Diversification . L
Concentration | activities

possible?
i=N
HI Z pi2 Concentration 1/N 1 No
i=1
N
El Z p; In(p,) Diversification Ln(N) 0 No

MEI — Diversification 1 0 Yes




5. Results and Discussion

The computed values of Modified Entrophy Index for the nine coastal district of Tamil Nadu

are presented in Table 3.

Table 3. Crop Diversification Indices (Modified Entrophy Index) for Coastal Districts of Tamil

Nadu.
District ear

1980-81 1985-86 1990-91 1995-96 2000-01 2005-06
Kancheepuram 0.722 0.731 0.768 0.768 0.747 0.741
Cuddalore 0.634 0.637 0.717 0.688 0.623 0.622
Nagapattinam 0.414 0.426 0.469 0.370 0.397 0.414
Thanjavur 0.493 0.518 0.566 0.505 0.386 0.428
Pudukottai 0.449 0.519 0.574 0.515 0.425 0.453
Ramanathapuram 0.449 0.401 0.373 0.382 0.379 0.403
Tirunelveli 0.571 0.641 0.646 0.645 0.663 0.593
Thoothukudi 0.839 0.857 0.811 0.819 0.864 0.772
Kanniyakumari 0.319 0.413 0.408 0.376 0.509 0.516

The table shows that in coastal districts, the diversification index varied from 0.319

(corresponding to Kanyakumari during the year 1980-81) and 0.864 (corresponding to

Thoothukudi during the year 2000-01). Kanniyakumari district registered maximum increase in the

diversification index during the 25 years from 198 0-81 to 2005-06, whereas kancheepuram,

Pudukottai and Tirunelveli registered marginal increase. All other districts registered decrease or

remain unchanged diversification index during the study. The largest decrease in diversification

was in Toothukudi district with a decrease of 0.057. Table 4 provides ranking of coastal districts

based on Modified Entropy Index.

Table 4. Ranking of Coastal District of Tamil Nadu Based on Modified Entropy Index

District Year
1980-81 1985-86 1990-91 1995-96 2000-01 2005-06
Kancheepuram 2 2 2 2 2 2
Cuddalore 3 4 3 3 4 3
Nagapattinam 8 7 7 9 7 8
Thanjavur 5 6 6 6 8 7
Pudukottai 6 5 5 5 6 6
Ramanathapuram 7 9 9 7 9 9
Tirunelveli 4 3 4 4 3 4
Thoothukudi 1 1 1 1 1 1
Kanniyakumari 9 8 8 8 5 5




The table 4 shows that Thoothukudi and Kancheepuram occupied first and second position in
terms of crop diversification in the past 25 years. From table 3 the average diversification indices
are respectively 0.827 and 0.746. This shows that in those district more than 75 percent agriculture
land had been diversified to the nine crops taken for the study. Kanyakumari district has registered
considerable increase in the rankings during the period of study. All other districts occupied the
same position or ranking or decrease in ranking during the period of study.

6. Relationship between Crop Diversification Index Vulnerability and Resilience

Palanisam et al (2009) have examined the vulnerabilities of the costal districts of Tamil Nadu
to climatic change. They have concluded that Ramanathapuram and Nagapattinam districts are
most vulnerable to climatic change. The crop diversification indices of the two districts for the year
2005-06 (Table 3) are respectively 0.403 and 0.413 which means that only about 40% of the
agricultural area are occupied by diverse crops. This show that there is an inverse relation between
crop diversification and vulnerability to climatic change. Resilience in general refers to the level of
resistance or recovery from shocks. In the case of coastal districts, the normal shock will be
changes in rainfall resulting in floods or droughts, or other natural calamities. One of the major
resistance identified was the cropping pattern changes in the coastal districts for the past 30 years.
The area under food crops in coastal regions which was 88.8% during 1975-76 reduced to 82.7%
during 2005-06 and the percentage area under non food crops increased from 11.2% to 17.3%.
This clearly confirms that farmers in the coastal region are resilient to climatic changes by
changing cropping pattern. Hence it is confirmed that crop diversification is considered as one of
the resilient mechanism particularly in the coastal region.

7. Conclusion

It may be concluded from the results presented in the study that there exists wide
spatio-temporal disparity in the diversification of crops in the coastal districts of Tamil Nadu. The
diversification in the coastal districts can be effectively utilized by strengthening of the linkage
between agricultural and industrial sectors. In those districts where the deceleration of
diversification had been exhibited, efforts must be taken for singling out the causative factors and
adoption of appropriate measures for augmenting the diversification. In this regard, the technology
has a dominant role to play and as such adequate measures should be taken for propagating the
innovative technologies in agriculture among the coastal farmers. Besides, diversification of
enterprises should also be encouraged as a measure of minimizing the risk via resilience
mechanism in those coastal districts where the index of diversification had showed plateau over
years which will help to minimize the crop failure and income loss including employment to the
rural people.
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Abstract

Weather based insurance is a resilience strategy adopted by farmers. It is intended to provide
protection to the cultivator against declined rainfall, which is deemed to adversely affect the crop
during its cultivation period. It is becoming popular nowadays in India due to high fluctuation in
rainfall and other climate related parameters. The present paper provides a method to compute
the initial premium for each crop based on the premium structure given by Agricultural Insurance
Company of India Limited, New Delhi. For this, the duration in each stage of selected crop
identified by Crop Production Guide(2005) jointly published by Tamil Nadu Agricultural
University and Department of Agriculture, Government of Tamil Nadu and 30 years of rainfall data
from Indian Meteorological Department (IMD) were used. The payout structure was derived for
each stage of the selected crop in the respective district. The strike or upper threshold of the
rainfall corresponds to the 30 year average accumulated rainfall of the district reference weather
station while the exit or lower threshold is intended to equal the water requirement of the
respective crop necessary to avoid complete crop failure. This way, the weather based crop
insurance acts as a resilience mechanism for rainfall uncertainties.

1. Introduction

Weather insurance is a mechanism, which protects the cultivators against anticipated shortfall
in crop yield arising out of adverse weather incidence within a specific location and period. Most
of the poor households living in rural areas suffer from low average incomes due to high variability
in rainfall in the crop season. Hence, developing simple cost-effective crop insurance programs
would clearly help the farmers from the adverse weather conditions.

The aim of deficit rainfall distribution index insurance is to allow households, groups and
governments to reduce their exposure to weather risk by purchasing a contract that pays an
indemnity during periods of deficient rainfall. Rainfall index insurance is transparent, inexpensive
to administer, enables quick payouts and minimizes moral hazard and adverse selection problems
associated with other risk-coping mechanisms and insurance programs (World Bank 2005; Gine et
al., 2007).

The purpose of this paper is to estimate a distribution for payouts structure on rainfall
insurance polices offered to farmers in the vulnerable agro climatic zones of Tamil Nadu. This



weather based crop insurance keeps the farmers to cope with the risk in rainfall pattern. Thus, this
crop insurance scheme acts as a resilience mechanism for rainfall uncertainties and fluctuations
and to protect the farmers from financial loss on account of anticipated crop loss resulting from
incidence of adverse conditions rainfall.

2. Data Sources

The database for the current study is taken from secondary sources. The necessary
secondary data were collected from the various published and unpublished records, viz.,
crop production guide (2005) to identify the duration in each stage of the respective crop.
For rainfall variables, Indian Meteorological Department (IMD) data set is used.

3. Methodology

Rainfall based insurance is useful to protect the farmers from crop failure in most vulnerable
agro climatic zones of Tamil Nadu. Palanisam et al. (2008) developing the composite vulnerability
index relating to climate change for the different agro climatic zones of Tamil Nadu. They have
concluded that Southern zone and Western zone are most vulnerable to climate change.
Accordingly, the Deficit Rainfall Distribution Index (DRDI) is derived to safeguard the farmers
from the adverse effect of rainfall. The deficit rainfall insurance scheme is intended to provide
insurance protection to the cultivator against declined rainfall, which is deemed to adversely affect
the crop during its cultivation period. Deficit rainfall insurance payouts are linked to accumulated
low rainfall.

The payout structure for the phase 1 of the crop is illustrated in Figure 1. The strike or upper
threshold corresponds to the 30 year average accumulated rainfall of the respective reference
weather station. While the exit or lower threshold is intended to equal the water requirement of the
respective crop necessary to avoid complete crop failure.

P (Payoutl in Phase 1)

MP

0 I

(E];it) 5 r (Rainfall during
Stirike

[Equivalent to crop Failure] ( ) Phase 1)

Figurel. Structure of insurance contract for the first phase of the crop



From the Figure 1, it can be observed that the rainfall insurance policy pays zero if
accumulated rainfall during the phase 1 exceeds strike or upper threshold. Otherwise, the policy
pays required amount for each mm of rainfall deficiency relative to the strike, until the exit or
lower threshold is reached. If rainfall is below the exit value, the policy pays a fixed maximum
indemnity. Mathematically, the payout for accumulated rainfall is as follows,

p (r) = MP, ifr<E
p(r)=(S-r)ym, fE<r<S
p(r)=0, ifr>S

where, p(r) is the actual payout for each phase with respect to rainfall, MP is the maximum payout
and m is the payout per mm of deficient rainfall. The total payout for each season is then simply
the sum of payouts across all the specified phases for the respective crop. In other words, the total
payout p; is given in the following formula.

P :Z (I [ri** <l <ri*:|(ri*_rit)pi*+ I [rit <rit**:| pi** )

p: = total payout

I = isanindicator function equal to 1, if rainfall falls in the range specified and 0 otherwise

*%

ri = Lower strike level in each phase

r. = Actual accumulated rainfall in phase I of year t
r;” = Lower strike level for each phase

pi = Payout per mm of deficient accumulated rainfall
pi = Maximum lump sum payout for each phase

Premium Calculation

The policy premium is calculated based on the premium structure given by Agriculture
Insurance Company of India Limited. The premium was initially calculated to be equal to the sum
of the 3.5 per cent of sum insured and 12.49 per cent of government service tax to the premium.
This will declare in the notified area before commencement of the season which shall be binding
on all.

4. Measuring Deficit Rainfall Distribution Index
Rainfall insurance polices are designed for the most vulnerable agro climatic zones of Tamil



Nadu to protect the farmers against adverse effects of rainfall. The most vulnerable agro climatic
zones due to climatic change are high rainfall zone, southern zone and western zone (Palanisami et
al., 2008). Among this, high rainfall zone has minimum cultivated area and only rice is the major
crop, so insurance polices are derived for the southern zone and western zone. These zones consist
of many districts and Madurai and Coimbatore districts are selected to represent the southern zone
and western zone respectively. In each district, two major crops are selected to construct the deficit
rainfall insurance index.

The scheme will operate on the principle of ‘Area Approach’ in selected Reference Unit Areas
(RUASs). These RUAs are linked to specific reference weather stations which are responsible for
providing weather data for the purpose of assessment of compensation. RUAs are a geographical
area around a reference weather station, pre-notified by State level insurance coordination
committee, which is deemed to be reflective of the reference weather stations rainfall data. To the
extent predictable, such RUAs will be restricted to 25 km radius around the reference weather
station.

Risk period will be from sowing to maturity of the crop and this is depending on the duration
of the crop. Sum insured is broadly equivalent to the cost of cultivation and this is pre-declared by
the State level insurance coordination committee. The sum insured for an individual cultivator will
be the product of the cultivators declared area under cultivation and the sum insured per hectare for
that notified crop in the respective RUAs.

5. Payout Structure for Major Crops

Rainfall Insurance policies are designed for the two main crops viz., groundnut and cotton for
the most vulnerable southern region and groundnut and maize for the western district and these
crops occupy major cultivated area in this zone. Also, these two crops are more profitable than
other crops, but they are more sensitive to drought. In addition, since the seeds are relatively
expensive, some farmers purchase them using crop loans, but when harvest fails these loans are
often difficult to repay. Hence, the payout structure for each crop is derived from using the
historical weather data and different crop stages. Payout structure is a pre-defined benefit table,
specific to a respective crop in a notified reference unit area. Payout structure defines the scale of
payout for a given strike and exit.

The coverage is mainly for the Kharif season (South west monsoon season), which is the
prime cropping season running from approximately June to October. The contract divides the entire
season into three phases viz., sowing, vegetative and flowering or maturity period, and pays out if
rainfall levels fall below particular strike levels. An upper and lower threshold is specified for each
in all the three phases. If accumulated rainfall exceeds the strike level, the policy pays zero for that
phase. Otherwise, the policy pays a fixed amount for each mm of rainfall below the strike or upper
threshold level, until the exit or lower threshold level is reached. If rainfall falls below the exit
level, the policy pays a fixed, maximum payout. The payout structure for each crop is given in the
following tables.



Table 1. Rainfall insurance chart for groundnut crop in Madurai district

Payout for | Maximum
Premium Calendar | Strike | Exit deficient lump sum
Phase Crop stage . .
(Rs/ha) period (mm) | (mm) rainfall* payout**
(Rs/mm) (Rs/ha)
Sowing and | 1*Juneto
1 . " 35 5 133.33 4000
germination 307 June
Vegetative 1% July to
2 o 50 10 75 3000
410 phase 317 July
Flowering 1% August
3 or pod | to 15" 70 20 70 3500
formation September

Note: * 35-5=30; 4000/30=133.33.

** Equivalent to approximate cost incurred during particular phase

The required premium, crop stages and their corresponding calendar period, strike and exit level,

payout for each mm of rainfall and maximum lump sum payout for deficit rainfall insurance of groundnut

and cotton crops for Madurai district are presented in the Table 1 and 2. The calculated premium is Rs

410 and Rs 375 for the groundnut and cotton crops respectively. In the case of groundnut the first phase

extends up to one month. The policy pays zero if accumulated rainfall during this phase exceeds the 35

mm, otherwise Rs 133.33 for each mm of rainfall deficiency relative to the strike until the exit (5 mm) is

reached. If rainfall is below 5 mm, the policy pays a fixed maximum lump sum payout of Rs 4000. In the

same way, other two phases of both the crops are shown in the same tables.

Table 2. Rainfall insurance chart for cotton crop in Madurai district

Payout for Maximum
Bh Premium c ¢ Calendar | Strike | Exit deficient lump sum
ase rop stage
(Rs/ha) pstad period (mm) | (mm) rainfall payout
(Rs/mm) (Rs/ha)
Germination | 1% Sep to
1 " 60 10 40 2000
phase 15" Sep
Vegetative | 16™ Sep to
2 375 " 120 30 38.89 3500
phase 15" Oct
Flowering 16™ Oct to
3 " 200 50 26.67 4000
phase 30" Nov

Payout structure for deficit rainfall insurance for groundnut and maize crops in Coimbatore
district are presented in the Table 3 and 4. The calculated premium is Rs 410 and Rs 240 for the

groundnut and maize crops respectively. In the case of maize the first phase of germination and




establishment stage extends only 15 days. During this period the maximum lump sum payout is
fixed at Rs 1500, which is the cost incurred by the farmers during this phase. The policy pays zero
if accumulated rainfall during this phase exceeds the 15 mm, otherwise Rs 150 for each mm of
rainfall deficiency relative to the strike until the exit (5 mm) is reached. If rainfall is below the 5
mm, the policy pays a fixed maximum lump sum payout of Rs 1500. In the same way other two
phases of both the crops are explained in the below tables.

In this way, the deficit rainfall index insurance will help the farmers to sustain their farm
income against the weather shocks.

Table 3. Rainfall insurance chart for groundnut crop in Coimbatore district

Payout for | Maximum
Premium Calendar | Strike | Exit deficient lump sum
Phase Crop stage . .
(Rs/ha) period (mm) | (mm) rainfall payout

(Rs/mm) (Rs/ha)

Sowing and | 1% June to
1 L th 30 5 160 4000
germination 30™ June

Vegetative 1% July to

2 X 25 5 150 3000
410 phase 31% July
Flowering or | 1 August

3 pod to 15" | 50 10 87.50 3500
formation September

Table 4. Rainfall insurance chart for maize crop in Coimbatore district

Payout for | Maximum

Premium Calendar | Strike | Exit deficient lump sum
Phase Crop stage . .
(Rs/ha) period (mm) | (mm) rainfall payout
(Rs/mm) (Rs/ha)
Germination
and 1% July to
1 . " 15 5 150 1500
establishment | 15™ July
phase
240 _ 16" July
Vegetative th
2 to 10 20 5 133.33 2000
phase

August

Flowering and | 11"  Aug
3 . " 30 10 125 2500
cob formation | to 5™ Sep




6. Crop Insurance, Vulnerability and Resilience

Since crop failure is often occurring due to variation in rainfall (particularly droughts).
Normally, the rainfed crops are mostly affected by the drought spells. Sixty five percent of Indian
agriculture is heavily dependent on natural factors, particularly rainfall. Studies have established
that rainfall variations account for more than 50% of variability in crop yields (Agricultural
Insurance Company of India Limited, 2005).

Government of India has already introduced the Comprehensive Crop Insurance Scheme
(GCIS) in 1985 and subsequently replaced by National Agricultural Insurance Scheme (NAIS) in
1999-2000 which was based on crop cutting experiments to assess the crop yield. However due to
problems in monitoring the crop yields and paying the compensation, this was not successful.
Hence, the Government of India and State Governments have now following the weather based
crop insurance programmes in 2007-08 which are getting popular in several regions.

This weather based crop insurance keeps the farmers to cope up with the variation in rainfall
pattern. Since insurance itself is a risk mitigation strategy, the weather based crop insurance acts as
a resilience mechanism for rainfall uncertainties. Since not many studies have done in assessing the
premium and compensation aspects, the research study attempted to arrive the parameters so that
weather based crop insurance will be solid resilience mechanism under climate variability.

7. Conclusion

Since weather based crop insurance is a resilience mechanism against rainfall uncertainties, it
is important to do research on these aspects. In this connection, establishment of automatic weather
station at block level at least covering about 25 km radius is needed to implement weather based
insurance for protecting the farmers from adverse weather conditions. Development of knowledge
based decision support system for translating weather information into operational management
practices is also important. Promotion of weather based insurance among the farming community
to avoid the risk related to climatic factors such as rainfall, temperature, frost etc. should be
followed up regularly.
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Resilience Project 5" Workshop

Date: 28" (Sat)/June/2008 9:30-18:00 29" (Sun) /June/2008 10:00-15:40
Place:  Research Institute for Humanity and Nature (RIHN) Lecture Hall
457-4 Motoyama, Kamigamo, Kita-ku, Kyoto, 603-8047 JAPAN
Tel. +81-75-707-2206 Fax.+81-75-707-2106

28" (Sat)/ June
9:30-10:00 Registration (travel document etc.)

10:00-10:20 Opening and the resilience project overview
Vulnerability and Resilience of Social-Ecological Systems
Chieko UMETSU (RIHN)

10:20-11:50 Sessionl (Chair Hitoshi SHINJO)
10:20-10:40 Coping and Adaptation Processes under Economic Liberalization and Agro-ecologic
Changes by Smallholders in Central Kenya
Matheaus Kioko KAUTI  (Graduate School of Environmental Studies, Tohoku Univ.)
10:40-11:00 Framework for an Agent-Based Model of Agricultural and Land Use Decision-Making.
Tom EVANS  (Department of Geography, Indiana Univ.)

11:00-11:10 Break

11:10-11:30 The Challenge of Resilience and Adaptation to Erratic Rainfall in Rural Zambia
Chileshe L. MULENGA
(Institute of Economic and Social Research, University of Zambia)
11:30-11:50 Field Report of Intensive Survey: Progress and Challenges

Thamana LEKPRICHAKUL (RIHN)
11:50-12:00 Group Photo
12:00-13:00 Lunch
13:00-14:20 Session2 (Chair Shuhei SHIMADA)

13:00-13:20 Flexibility of Mixed Subsistence among the Lozi on the Upper Zambezi Valley Floodplain
Masahiro OKAMOTO
(Graduate School of Asian and African Area Studies, Kyoto Univ.)



13:20-13:40 Livelihood Diversification for Mitigating VVulnerability:
Focusing on the Role of Labour Migration in Rural Zambia.

Chihiro ITO  (Graduate School of Asian and African Area Studies, Kyoto Univ.)
13:40-14:00 Vulnerability and Livelihood Strategies of Smallholder Households in Southern Zambia:
From the View Point of Off-farm Activities among the Plateau Tonga

Noriko NARISAWA
(Graduate School of Asian and African Area Studies, Kyoto Univ.)
14:00-14:20 The Livelihood of Escarpment Tonga
Tetsuya NAKAMURA
(Graduate School of Asian and African Area Studies, Kyoto Univ.)

14:20-15:20 Session3 (Chair Mitsunori YOSHIMURA)
14:20-14:40 Preliminary Analysis of Precipitation Variability over Zambia
Tazu SAEKI  (RIHN)
14:40-15:00 Seasonal and regional variations in maize productivity in Zambia
Hiroyuki SHIMONO (Faculty of Agriculture, lwate Univ.)
15:00-15:20 Integration of Maize Growth under the Different Agroecosystem and the Land Use
Strategy for the Natural Environment Factors
-toward the Multi-Spatial and Temporal Understanding of Livelihood-
Hidetoshi MIYAZAKI  (RIHN)
Megumi YAMASHITA  (Survey College of Kinki)
Hitoshi SHINJO (Graduate School of Agriculture, Kyoto Univ.)
Ueru Tanaka  (Graduate School of Global Environmental studies, Kyoto Univ.)
Mitsunori YOSHIMURA (Remote Sensing Technology Center of Japan)

15:20-15:30 Break

15:30-17:30 The Progress Report and Research Plan of each Theme  (Chair Chieko UMETSU)

Theme |  Ecological Resilience and Human Activities under Variable Environment

Hitoshi SHINJO  (Graduate School of Agriculture, Kyoto Univ.)
Theme Il Household and Community Responses to Variable Environment

Takeshi SAKURAI

(Faculty of Economics and Business Management, Wako Univ.)
Theme 11l Political-Ecology of Vulnerability and Resilience: Historical and Institutional

Perspective

Shuhei SHIMADA

(Graduate School of Asian and African Area Studies, Kyoto Univ.)
Theme IV Integrated Analysis of Social-Ecological Systems

Mitsunori YOSHIMURA

(Remote Sensing Technology Center of Japan)



India Research Progress and Plan of India Group
Takashi KUME ~ (RIHN)
Discussion

17:30-18:00 Sub-group meeting by theme members

29" (Sun)/ June

10:00 -12:00 Discussion and brainstorming
1. Project overall plan for publication
2. Inter-researcher, inter-theme collaboration
Dev info lecture
3. What can we present at the mid-term evaluation?

12:00-13:00 Lunch

13:00-15:00 Discussion

15:00-15:10 Break

15:10-15:40 Administrative information (UMETSU)

= Travel (domestic/overseas)
-Reimbursement

- Advance payment

-Juls guesthouse & rental car

15:40 Closing



Resilience Project 6" Workshop

Date: 5" (Fri)/December/2008 12:30-15:30 6™ (Sat) / December/2008 10:00-15:40
Place:  Research Institute for Humanity and Nature (RIHN)  Seminar Room 3 & 4
457-4 Motoyama, Kamigamo, Kita-ku, Kyoto, 603-8047 JAPAN
Tel. +81-75-707-2242 Fax.+81-75-707-2506

5™ (Fri)/December
12:30-13:00 Registration (travel document etc.)
Coordinator Takashi KUME

13:00-13:20 Opening and the resilience project overview
Vulnerability and Resilience of Social-Ecological Systems
Chieko UMETSU (RIHN)

13:20-14:20 Sessionl (Chair Chieko UMETSU)
13:20-13:40 Human network in Southern Province, Zambia
Yudai ISHIMOTO (RIHN)
13:40-14:00 Linking Social vulnerability study to environmental change
Shuhei SHIMADA (Graduate School of Asian and African Area Studies, Kyoto Univ.)
14:00-14:20 Deterioration and Introduction of new farming in C village of Central Province, Zambia
Kazuo HANZAWA (College of Bioresoure Science, Nihon University)

14:20-14:30 Break

14:30-15:30 Session2 (Chair Mitsunori YOSHIMURA)
14:30-14:50 Disaster management system and food aid in Zambia
Keiichiro Matsumura (Graduate School of Human and Environmental Studies, Kyoto Univ.)
14:50-15:10 Multi-spatial and temporal data accumulation for understanding the livelihood in village level
Megumi YAMASHITA (Survey College of Kinki),  Hidetoshi MIYAZAKI (RIHN)
15:10-15:30 Meteorological data analysis for the rainy season of 2007
Hiromitsu Kanno (National Agricultural Research Center for Tohoku Region)

16:00-17:15 The 25th Resilience Seminar (E-04)  Lecture Hall
Combating drought in South Africa, and southern Africa
Mitsuru TSUBO  (Arid Land Research Center, Tottori University)
(Place: RIHN Lecture Hall)



6" (Sat) / December

10:00-11:00 Session3  (Chair Hitoshi SHINJO)

10:00-10:20 An attempt of visualization of the resilience by dynamics and structure stability
Takashi KUME ~ (RIHN)

10:20-10:40 Some observations on the vegetation of the experimental site in Petauke District
Reiichi MIURA and Takenaka Shotaro (Graduate School of Agriculture, Kyoto Univ.),
Elias TEMBO (ZARI)

10:40-11:00 Ex Ante and Ex Post Shock Coping Strategies: Evidences From Southern and Western
Province
Thamana LEKPRICHAKUL  (RIHN)

11:00-11:10 Break
11:10-12:10 Session4  (Chair  Shuhei SHIMADA)
11:10-11:30 Prevalence of undernutrition and overnutrition in Zambia: A re-examination

Thamana LEKPRICHAKUL  (RIHN)
11:30-11:50 Changes in small-scale irrigation in a village in Central Province of Zambia
Shiro KODAMAYA (Graduate School of Social Science, Hitotsubashi Univ.)

11:50-12:10 Asset Holding and Resilience of Rural Households in Southern Province, Zambia
Takeshi SAKURAI (Faculty of Economics and Business Management, Wako Univ.)
12:10-13:10 Lunch
13:10-14:40 Overview and Perspective of each Theme (Chair Chieko UMETSU)

Theme |  Ecological Resilience and Human Activities under Variable Environment

Hitoshi SHINJO  (Graduate School of Agriculture, Kyoto Univ.)
Theme Il Household and Community Responses to Variable Environment

Takeshi SAKURAL

(Faculty of Economics and Business Management, Wako Univ.)
Theme 111 Political-Ecology of Vulnerability and Resilience: Historical and Institutional

Perspective

Shuhei SHIMADA

(Graduate School of Asian and African Area Studies, Kyoto Univ.)
Theme IV Integrated Analysis of Social-Ecological Systems

Mitsunori YOSHIMURA

(Remote Sensing Technology Center of Japan)

14:40-15:40 Discussion

15:40 Closing of Workshop



Abstract of Resilience Seminar in FY2008

The 22nd Resilience Seminar

Date and time: 15:00-16:15, April 11th, 2008

Place: RIHN Lecture Hall

Title: Socio-ecological Resilience in an Arena of Rapid Environmental Change: Climate
Variability and Adaptation in the Upper Zambezi Valley Floodplain

Speaker: Dr. Lawrence Flint (RIHN Visiting Fellow and ENDA)

Language: English

[Abstract]

People have made unprecedented demands on ecosystems in recent decades to meet
growing demands for food, water, fibre and energy. These demands have placed pressure on
ecosystem balances, depleted the ability of the natural environment to replace biocapacity
consumed and weakened the capacity to deliver ecosystem services such as purification of air
and water, waste disposal and aesthetically pleasing environments. There is an apparent
tension between the aspirations of social and economic development and environmental
sustainability.

Direct drivers of change that engender a reduction in ecosystem goods and services
include habitat change, invasive species, over exploitation, pollution and, climate variability
and change. These processes threaten to diminish socio-ecological resilience and heighten
sensitivity to both environmental and socio-economic change.

This paper seeks to discuss the scientific ways in which socio-ecological vulnerability
and resilience can be examined, in particular the inter disciplinarity of approach necessary to
address these wide ranging issues.

It will also analyse the nature of socio-ecological resilience and adaptation to
vulnerability. This is contextualised in a discussion covering the historical and contemporary
production of politico-economic and socio-cultural networks and dynamics affecting
resilience.

The study considers floodplain ecosystems, the sites of human settlement, economic
activities and the appearance of 'hydraulic civilisations'. An example discussed here is the
Bulozi 'natural’ floodplain of the Upper Zambezi Valley in western Zambia, currently
exhibiting biophysical and socio-economic change.

This floodplain was populated by the ancestors of the present Lozi peoples who, using the
ecological goods and services offered by the plain, produced a strong and vibrant
politico-economy that became dominant in the region, using surplus food with which to
specialise, raise an army and take advantage of economic opportunities.

Today Bulozi is an arena of relative underdevelopment and this condition may become
exacerbated by increasing climate dynamics, but these act only as additional stressors to



socially created vulnerabilities that became entrenched over time. The paper discusses the
production of vulnerability in Bulozi and the adaptive capacity required to increase resilience.

The paper concludes that people’s capacity to adapt to exogenous and endogenous
pressures and maintain the cohesion of the socio-ecological system (SES) depends much on
their ability to deal with stressors from a position of autochthonous (indigenous) ‘ownership’.
It depends also on their ability to adapt current practices and diversify productive activities so
that society can regain a sense of momentum, control and motivation to enhance living
standards whilst conserving the integrity of the SES.

The 23rd Resilience Seminar

Date and time: 15:00-16:15, June 18th, 2008

Place: RIHN Lecture Hall

Title: Resilience of Rural Households and Communities to HIV/AIDS and Recurrent
Droughts: Case of People around Mwami Adventist Hospital, Chipata, Zambia

Lecture: Chileshe L. Mulenga (Institute of Economic and Social Research, University of
Zambia)

Language: English

Key Words: Rural, Households, Communities, HIVV/AIDS, Recurrent Drought, Poverty,
Elderly, Young People and Socialization

[Abstract]

Rural communities respond to socio-economic and ecological shocks primarily at the
household and community levels. The household and community level responses aim at
ensuring integrity of households and preservation of communities as social and cultural
entities. High prevalence of HIVV/AIDS in Zambia, however, poses serious challenges to the
survival of households and communities. The situation has been worsened by recurrent
droughts, which have caused crop failure, food shortages and losses of assets. Households and
communities confronted by HIV/AIDS and recurrent droughts have therefore become poorer
and more vulnerable.

Deep socio-cultural changes are required for households and communities around
Mwami Adventist Hospital to endure the HIV/AIDS scourge and recurrent droughts.
Appropriate socialization of young people and a shift to agricultural livelihood systems
capable of withstanding recurrent droughts are essential to resilience of rural households and
communities.

Socialization of orphans is, however, problematic, as most orphans are looked after by
elderly female guardians, who equally need support. The female guardians moreover cannot
provide adequate socialization to young men, due to the division of labour between women
and men. Elderly guardians cannot also effectively provide knowledge of “essential” edible
wild leaves, fruits, tubers, insects and small animals that are part of the rural livelihoods, as



they may not walk long distances. Changing agricultural livelihood systems is equally
difficult, due to lack of knowledge and experience of alternative agricultural livelihood
systems. Entrenched poverty also precludes unsubsidized technological solutions on account
of cost.

Socialization of young people that prevents HIV infections and livelihood systems
capable of withstanding recurrent droughts are critical to resilience of rural households and
communities.

The 24th Resilience Seminar

Date and time: 15:00-17:00, July 17th, 2008

Place: RIHN Lecture hall

Title: Modeling Household-Level Deforestation and Reforestation with Agent-Based
Approaches: Case Studies from Laos PDR, United States and Zambia

Speaker: Tom Evans (Department of Geography, Indiana University (RIHN invited
researcher))

[Abstract]

Social-ecological systems are inherently complex and composed of dynamics at multiple
spatial scales that govern their behavior. An important part of these systems is how humans
interact with each other, how these interactions change their behaviors and how their actions
affect the biophysical environment. Agent-based models are one tool that can be used to
examine these types of system dynamics. This seminar will discuss past research employing
agent-based models (ABMs) to study household level behavior in social-ecological systems
with an emphasis on land cover change, especially deforestation and reforestation. These
ABMs are used to examine how households make land-use decisions and how these decisions
lead to macro-level outcomes at a regional scale of analysis. Agent-based approaches are
useful for this type of research because they are designed to identify the interactions between
actors and the heterogeneity of actors.

To demonstrate this research, examples will be discussed from the following set of
studies: 1) the process of reforestation in the Midwest United States, 2) the transition from
slash and burn agriculture to rubber plantations in Laos PDR, 2) and a prototype of a model to
study adaptation to climate change in Zambia. The seminar will also discuss different
methods of linking actors to the physical environment using geographic information systems
(GIS), and the scale- dependence of social-ecological systems. The overall objective of this
presentation is to discuss the advantages and disadvantages of these types of local-level
approaches, and new emerging directions of household-based research on the
human-dimensions of global change.



The 25th Resilience Seminar

Date and time: 16:00-17:15, December 5th, 2008

Place: RIHN Lecture Hall

Title: Combating Drought in South Africa, and Southern Africa

Speaker: Mitsuru Tsubo(Associate Professor, Arid Land Research Center, Tottori University)

[Abstract]

In Africa drought is the most devastating natural event, and severe drought causes people
to be starved to death. The Sahel drought disaster in 1974-1975 resulted in a total of 325,000
casualties. In 1984 the worst drought event occurred in Ethiopia and Sudan; approximately
450,000 people were died. In 1992 southern African countries dealt with the most severe
drought disaster of the century in the region. Zimbabwean faced food shortage due to
insufficient rainfall during the crop season. This crisis was escalated by the misconduct of the
government; their policy failed and they were blamed for the damage. The lesson learned
from the crisis is that pre- and post-disaster management for drought is critical for prevention
and mitigation of the disaster. South Africa is one of the countries which are at the cutting
edge of drought management, as the National Disaster Management Centre has been formed
to promote an integrated, coordinated system of disaster management by national, provincial
and municipal governments. Their drought management has been strengthened in connection
with the Weather Service which releases seasonal rainfall outlooks, but an operational system
to alleviate drought disasters is not yet formulated. A drought early warning system thus
needs to be developed for the country and then the Southern African Development
Community (SADC) region.

The 26th Resilience Seminar
Date and time: 15:00-16:30, February 10th, 2009
Place: RIHN Lecture Hall
Co-organized with Ecosopy Program
Title: Human Security in Africa: Between Normalcy and Emergency
Speaker: Yoichi Mine (Associate Professor)
Osaka Univ. Global Collaboration Center (GLOCOL)

[Abstract]

The concept of human security was first propounded in UNDP’s HumanDevelopment
Report 1994 and further expanded in the Final Report of theCommission on Human Security
published in 2003. Placing nationalsecurity in a relative perspective, human security tries to
empowerpeople and communities from below, and assigns the special role of protecting
vulnerable people to multi-lateral organizations. Human insecurities are caused by the
manifestation of risks, sudden serious downturns, including the outbreak of violent conflicts,



economic crises and natural disasters, as well as the spread of infectious diseases. Many
African societies have historically been prepared for such calamities as famine disasters, but
the situations are becoming increasingly complex. A noticeable trend is that the structural,
long-term poverty and the conjuctural, acute poverty are converging in the continent. The
main part of the talk will not be about empirical case study but rather directed to a policy
framework for international cooperation, African history, and a reevaluation of Amartya Sen’s
entitlement theory in the light of human security approach in the African context.
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Figure 1. Resilience of Social-Ecological System and Four Themes
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Figure 2. Regions of Semi-Arid Tropics
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ENTWVWDIREEAR BT 5 & o /2 (Chambers 1989), Z DEFEIZY vV LR —/LDEED
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