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Preface

The RIHN feasibility project “Vulnerability and Resilience of Social-Ecological Systems”
initially started as an incubation project “Poverty and Resource Management: A Study on
Human Adaptation against Environmental Variability” in the fiscal year 2003. Although the
title of the project has changed, the concepts and mission of the project remains the same. We
want to initiate a project that purpose to enhance human security of rural people in developing
countries whose livelihood is critically dependent on environmental resources.

During the fiscal year 2005, project members visited Zambia and discussed with many people
including farmers, university professors, researchers, and government officials. The 2004/5
cropping season in Zambia was hit by a severe drought since the major drought in 1991/92
cropping season. About 80-90% of maize production was damaged in Southern and Eastern
Provinces. Farmers were trying hard to find all possible measures to survive until the next
harvest season with empty food stock. This year we learned that resilience is an important
concept not only for food security in developing countries but also in developed countries
when the city function is demolished by natural disasters in southern U.S.

Our project has just finished the stage of feasibility study and is trying to move to the next
stage. We appreciate 1-3FS members for their endless assistance for drafting a project
proposal. We also appreciate kind support by the director, program directors, administration
staff and colleagues of RIHN for making this challenging endeavor possible.

February 2006
Chieko Umetsu

1-3FS Project Leader
Research Institute for Humanity and Nature
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1. Purpose of Research
1.1 Research Objectives

A. Background and objective

A vicious cycle of poverty and environmental degradation such as forest degradation and
desertification is a major cause of global environmental problems. Especially in semi-arid tropics
(SAT) including Sub-Saharan Africa and South Asia where a majority of the poor concentrates,
poverty and environmental degradation widely prevails. People in this area largely depend on rainfed
agricultural production systems and their livelihoods are vulnerable against environmental variability.
Environmental resources such as vegetation and soil are also vulnerable against human activities. In
order to solve this “global environmental issues”, a key is a quick recovery or a resilience of human
society and ecosystems from impacts of environmental variability. Thus in this project we consider
society and ecology as one social-ecological system and try to perform empirical analysis for its
resilience in semi-arid tropics.

In the past, no serious attention has been paid to the vulnerability and resilience of people whose
livelihoods and production systems heavily depend on environmental resources. Especially for farmers
and nomads in developing countries who rely on environmental resources, a loss of resilience of
social-ecological systems, due to an increase in population and the collapse of rural communities, is of
critical importance. The aim of this project is to consider human activity within the context of
environmental change in view of social-ecological resilience. Thus, to clarify the effects of local
environmental change on social-ecological systems as well as the mechanism through which they
recover from shock. Also from various case studies, we will try to identify household and community
factors that determine the capacity for resilience, and the role of institutions on resilience. By
analyzing factors influencing social-ecological resilience, it is possible to introduce policy
interventions for enhancing human security in developing countries. (Figure 1)

The concept of resilience has long been discussed among ecologists after the seminal paper
“Resilience and Stability of Ecological Systems” by C. S. Holling (1973). The engineering resilience
was defined as recovery time to return to the initial equilibrium before disturbance. This unique
equilibrium concept was soon expanded to the concept of ecological resilience that emphasizes
capacity to endure disturbance incorporating non-linearity, multiple equilibria and regime shift.
Recently, some researchers tried to apply those resilience concepts to complex social-ecological
systems (Levin et al. (1998); Levin (1999); Berkes, Fikret & Folke eds. (1998); Berkes, Colding &
Folke eds. (2003)).

The above development went in tandem with the emergence of ecological economics that was
established during the late 1980s. The important agenda was to link socio-economic research with



ecological research. Ecological economics developed mainly in developed countries has less focus on
critical development issues such as poverty and environmental degradation. Also conventional
development economics ignored ecological issues that are a base for human economic activities. Thus,
there is a need to apply the resilience concept of social-ecological systems in order to solve pressing
development issues such as resource degradation and to enhance human security.

In the semi-arid tropics (SAT), the livelihood of the people is vulnerable against environmental
variability. The SAT (Figure 2) includes regions such as Sub-Saharan Africa and South Asia where the
number as well as the share of the people who live in absolute poverty will remain large for some time
to come. People in this area largely depend on vulnerable rainfed agricultural production systems.
Thus increasing food security, resilience of livelihood and reducing poverty are acute issues in this
area. The G-8 Environment and Development Ministers Meeting held in March 2005 called especially
upon the need of research for impacts of climate change on vulnerable livelihoods particularly in
sub-Saharan Africa regions. The proposed research aims at considering impacts of environmental
variability and increasing resilience of people, which is the pressing global environmental issues for
international community.

Close relation of social and ecological resilience

globalization

drought Social-ecological system

Ecological system Social system
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Figure 1. Resilience of Social-Ecological System and Four Themes

B. Objectives of Research

The objective of the research is as follows:

1. We consider impacts of environmental variability through vulnerability and resilience of human
activities in semi-arid tropics.
We study factors affecting social-ecological systems and the recovery from impacts and shocks.
We analyze factors that form the ability of household and community to recover and the role of
institution for resilience.

4. Thus we identify the factors affecting resilience of social-ecological systems and the ways to



enhance resilience of rural people in semi-arid tropics against environmental variability.

C. Goal of the Project

We consider environmental degradation caused by “vulnerability” of social-ecological systems as
“global environmental issues” and the ways to enhance “resilience” as a primary goal of solving
“global environmental issues.” During the research project, data collection, observation and analysis
will be conducted to find out some key indicators to resilience. By using those indices, our goal is to
provide some options of the ecosystems and resources management at the end of the project.

1.2 Research Organization, Contents and Methodologies

A. Research organization

In order to achieve our objectives, we focus on four themes. Each four themes interlink each other and
thus provide comprehensive assessment of resilience of social-ecological systems. Under the
supervision of theme leader, respective researchers will participate in sub-programs. Not as ordinary
discipline based research groups, we organized theme based research organization. Most researchers
involve more than one sub-program, thus making it possible to realize flexible research organization.
Theme I: Ecological resilience and human activities under variable environment

Theme 11: 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.

First two themes consider site specific or village level analysis and those studies are extended to
temporal as well as spatial analysis in the third and forth themes for larger scales. We invited
appropriate experts in the respective fields such as agronomy and soil science, agricultural and
development economics, anthropology, geography, climatology, and remote sensing. The time scale of
the analysis is from 1960s to the present when the changes in social and natural environment have
been accelerated. (Figure 4)

Collaborating institutions are as follows:

Zambia

Institute of Economic and Social Research, University of Zambia

Central Statistical Office, Government of Zambia

Mt. Makulu Central Research Station, Ministry of Agriculture and Cooperatives
Meteorological Department, Ministry of Transport and Telecommunications
Survey Department, Ministry of Land Resources

Food Security Research Project, MSU/USAID

India

Water Technology Centre, Tamilnadu Agricultural University, Coimbatore, India
Burkina Faso

University of Ouagadougou, Burkina Faso

B. Research areas
The study areas of the project are the countries in semi-arid tropics (SAT). SAT is characterized by



Figure 2. Regions of Semi-Arid Tropics and Research Areas
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Figure 4. Scale of Analysis
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unpredictable weather, long dry seasons, inconsistent rainfall and soils with poor nutrients (Barghouti,
1999). This area is a home of one-sixth of the world’s population, a half of them live in absolute
poverty with less than one US dollar a day. The large population in SAT live in rainfed agricultural
areas and their marginal livelihood is critically depends on fragile and poorly endowed natural
resources. The target research areas in SAT are Southern Africa region (Zambia, Zimbabwe), West
Africa region (Burkina Faso, Niger), and South Asia (India). Particular emphasis will be placed on the
rural agricultural areas in Zambia where intensive field survey will be conducted. In Zambia, drought
prone Eastern and Centeral Provinces are our target research areas. Those areas are in agroecological
zone of | and Ila where annual rainfall is less than 800 mm and between 800 mm and 1,000 mm
respectively. (Figure 2; Figure 3)

C. Research contents and methodologies

This project tries to provide quantitative and qualitative assessment of resilience of social-ecological
systems. Resilience of social-ecological systems largely consists of i) the capacity of natural and social
systems to absorb shocks as well as ii) the coping mechanisms when the shock occurs. Those capacity
and coping mechanisms may be affected by external socio-economic environment such as institutional
changes. We set four themes as follows: The theme first tries to consider ecological resilience through
human activities. The second theme analyzes resilience of household and community through
ecological conditions. The third theme considers resilience through historical and institutional
perspectives. The fourth theme tries to integrate previous three themes for the evaluation of
social-ecological resilience in larger scale.

Theme |: Ecological Resilience and Human Activities under Variable Environment (Theme
Leader: Hitoshi SHINJO)

Ecological resilience can be defined as the potential of ecosystems to provide people with
services in a sustainable manner. In this sense, it is commonly believed that human activities, such as
cropping, grazing and tree cutting for fuel, may adversely affect ecological resilience, leading to land
degradation. Nevertheless, the non-linearity and variability in the relationship between the human
activities and the ecosystems often makes it difficult to find the clear evidence of the cause-effect
relationship. In the semi-arid tropics (SAT), particularly, the inter-annual fluctuation of rainfall
sometimes mask the change of ecological resilience caused by the human activities. The sub-theme -1
will deal with the impact of human activities on the ecological resilience with the intensive field
experiment, where the spatial and temporal variability of the possible indicators of ecological
resilience will be measured. Besides the impact of human activities, we also clarify the interrelations
between the ecological resilience and the human activities in the sub-theme 1-2, since people in SAT
depending heavily upon the ecological resources seem to recognize and cope with the variability of the
ecological resilience for stabilizing their livelihood.

By compiling the sub-themes I-1 and I-2, we identify the status of the ecological resilience in
the lands of the study areas, how people’s welfare depends on the ecological resources and how the
ecological resilience changes under the impact of human activities, to develop some sound options of
the ecosystems and resources management in SAT.



I-1 Components, capacity and succession of ecological resilience under different human intervention
and variable environment (Shinjo, Tanaka, Miura, Shibata, and Saeki)
Although we can define the ecological resilience as above, we have not yet understood how

we can parameterize the ecological resilience. Since the past ecological studies strongly suggest the
importance of variability and redundancy of ecosystems for their resilience, we will monitor spatial
and temporal variability of land characteristics, and try to evaluate the components, capacity and
succession of ecological resilience during the process of conversion from stable fallow woodland to
agricultural land in Petauke, Eastern Province of Zambia. For this purpose, we will open a parcel of
relatively stable Miombo woodland for cropping every year or, in some parcels, returning to fallow
during 5 years, to prepare the lands under different levels of human intervention. With the
experimental design, the effects of fluctuating climatic factors and the impacts of human activities can
be detected independently, unlike the past studies on slash-and-burn farming that have attributed all
the temporal changes to human activities. In this field experiment, spatial and temporal variability of
the soil properties, the nutrient cycling, the components of plant communities and the micro-climatic
variables are determined. Among the variables, we try to identify quantitative indicators that explain
the ecological resilience of the study site. In the later period, land capability with different degrees of
human intervention and land use history under the same climatic condition of the particular year can
be compared in order to evaluate the decrease or regime-shift of ecological resilience of the study site.

I-2 Interrelations between ecological resilience and human activities and its succession under different
agro-ecosystems (Tanaka, Shinjo, Miura, Shibata, Miyazaki and Saeki)

It is commonly observed in SAT that one household cultivates the several parcels of the land
different from each other in terms of ecological resilience. This way of land management is thought to
be “risk management” which helps people cope with the environmental variability. In this sub-theme,
how people cope with the variable ecological resilience is revealed by monitoring and comparison of

some land characteristics, which are related to ecological resilience, under different landscape, e.g.
valley, slope and plane land, the types and histories of land use, and succession stages of agro-ecology.
For the detailed study, we identify the conditions and properties of every cultivated and fallow plots of
each household, e.g. the areas and boundaries by GPS apparatus, some selected soil properties such as
organic matter content and effective soil depth, and the composition of grass and shrub species. In
collaboration with the Themes Il and Ill, these results comprehensively explain and define the
integrated concept of socio-ecological resilience. Target areas are cultivated and fallow lands of the
sample households in Petauke, Eastern Province, and Sinazongwe, Southern Province of Zambia.

Theme 11: Household and Community Responses to Variable Environment (Theme Leader:
Takeshi SAKURALI)

Rural households in the semi-arid tropics have developed various kinds of risk-management and
risk coping mechanisms to respond unpredictable rainfall, particularly in sub-Saharan Africa where
credit and insurance markets are generally imperfect. Some of the mechanisms such as borrowing and
gift-receiving depend on relatives and friends in the same or neighboring villages, and hence in the
case of severe drought they will not work well because most of the farmers are simultaneously
affected. On the other hand, there are other kind mechanisms that rely on natural resources for



example food gathering in the bush and utilization of wet valley bottoms. As such, which mechanisms
a household utilizes and how much extent the mechanisms are effective will be determined by the
assets that the household has, natural resources that are available for the household, the severity of the
drought, the community characteristics, and so on. At the same time, the natural resource endowments
should be affected by rural households’ behaviors against droughts. For example, if many households
rush for wild foods in the bush, the resources will be exhausted and will not serve as a safety net in the
next drought. In other words, the resilience of households and that of ecosystem are dynamically
inter-reliant. And because of this inter-reliance, households in the semi-arid tropics are often trapped in
the vicious cycle of poverty and environment degradation. This is the fundamental issue that this
research project addresses, and we, the project members, consider that the analysis of socio-ecological
resilience will show us the way-out from the trap.

In order to serve for the integrated analysis of socio-ecological systems, the theme Il investigates
rural households’ strategies against the erratic rainfall in four interrelated sub-themes. Theme I1-1 is to
measure the risky event objectively, that is, rainfall. Theme I1-2 concerns with the endowments of
resources available to households including physical, natural, human, financial, and social capitals.
Theme 11-3 is devoted to the analyses of households’ behaviors: risk-management before the rain,
adjustment during the rainy season, and risk-coping after harvest. And finally in theme II-4,
households’ resilience in risky environment is evaluated in terms of income-smoothing,
consumption-smoothing, and nutritious status. The details of each sub-theme are as follows.

[1-1 Measurement of spatial and temporal distribution of plot-level rainfalls (Saeki, Kanno)

It is well known that in the semi-arid tropics rainfall variability is very large even within a village.
Moreover, crops are severely affected if there is no rain in the critical stage even annual rainfall level
is high enough. That is, temporal distribution of rainfall also does matter. Nevertheless, most drought
studies use annual rainfall observed at regional weather station, simply because spatial and temporal
rainfall distribution at plot-level cannot be observed. This is the most significant weakness of existing
drought studies. Hence, in this sub-theme, daily rainfall on every sample household’s plot will be
recorded by utilizing small rain gauges, and the characteristics of spatial and temporal rainfall
distribution within a small area will be analyzed. For rural households, rainfall is the most precious
natural resource for their subsistence, but the resource availability is not predictable unlike other
natural resources such as soil and vegetation. In other words, rainfall is considered to be a risky asset.

11-2 Investigation of households’ capital endowments (Sakurai, Shinjo, vegetation specialist)

How a household manages drought risk and copes with drought is a function of not only the
magnitude of drought shock but also the resources available to the household. Therefore, in theme 11-2,
households’ capital endowments other than rainfall will be investigated. They include natural capital
(agricultural land, fallow land, forest land, livestock, and so on), physical capital (agricultural
equipments, houses, and so on), human capital (composition of household members, their education
level, their skills, their health status, and so on), financial capital (potential money-lenders, potential
gift-givers, saving, and so on), and social capital (membership, network, trust, and so on). Note that
some of them are risky asset: for example, livestock holdings and human capital are subject to diseases
and death. How risky they are is an empirical question to be answered in this research project like




rainfall variability. On the other hand, some assets such as soil and vegetation will not change a lot
during the short research period although we consider that their depletion is a serious problem in the
semi-arid tropics. Data will be collected by physical measurement or interview. The advantage of
multidisciplinary approach of this research project is the involvement of natural scientists in the
physical measurement such as soil and vegetation condition of agricultural land, and health status of
household members.

11-3 Analyses of households’ behavior against rainfall variability (Sakurai and agronomist)

Given the various kinds of capital endowments measured in sub-themes 1 and 2, the question is
how households in the semi-arid tropics behave under the risky environment. Household behavior can
be classified into three categories: risk management before the rain, adjustment during the rain season,
and risk coping after the harvest. In sub-theme 11-3, household behaviors will be recorded by weekly
interview, which will enable us to investigate the effect of rainfall and capital endowments on how
households’ decisions about agricultural input, off-farm labor supply, livestock and other asset
transaction, borrowing/lending, gift-giving/receiving, expenditure, consumption, and so on. Since
daily rainfall is recorded in sub-theme 1, sub-theme 3 will reveal how households adjust their
subsistence strategies during the rain season, which has been rarely studied due to data limitation. As
for the risk management before the rain, crop and plot diversification is one of the important strategies
to mitigate rainfall risk. With this regard, crop choice (e.g., drought-tolerant crops or
drought-susceptible crops), varietal choice (e.g., early maturing or late maturing), and technology
choice (e.g., with tillage or without tillage) will be analyzed from the agronomic view point.

11-4 Evaluation of households’ resilience (Sakurai and anthoropometrics expert)

Finally, in sub-theme 11-4 the performance of households’ risk management and coping behaviors
will be evaluated from the viewpoint of resilience. Ignoring ecological aspect for a moment, in this
sub-theme income smoothing and consumption smoothing will be used as criteria of households’
resilience. They will be evaluated not only within a year (i.e. seasonal variation) but also over years
(i.e. yearly variation due to the rainfall) using the data collected by the weekly household interview
over years during the project period. However, a criticism about this method is that household
income and consumption (or expenditure plus self-consumption) cannot be physically measured even
in weekly interviews. Hence, in order to have an objective indicator, we will conduct
anthropometrics: namely the measurement of body weight and height. They will be used as a
criterion of households’ resilience.

Theme I11: Political-Ecology of Vulnerability and Resilience: Historical and Institutional
Perspective (Theme Leader: Shuhei SHIMADA)

This theme tries to focus on the institutional aspects of social resilience in the area of semi-arid
tropics. Social resilience undergoes change along with social, political and economic change and
also with ecological change. It is important to understand both in the context of local history and
physical settings.

Social resilience has close relation to social vulnerability. They are the both sides of a coin.
As the study of social vulnerability has far developed than that of resilience, it is helpful to take



advantage of the results of the vulnerability study. It is said that there are two sides of vulnerability;
external side and internal side. The former has relation to risks, shocks and stresses that are caused
by uncertain rainfall, price fluctuations, political instability, and other changes in access to markets.
The latter has relation to defenselessness of society such as a lack of social security system. And the
social resilience has to do with something socially embedded systems and functions that mitigate or
alleviate the increased vulnerability.

The semi-arid tropics (SAT) is an area where the external side of risk is high and people’s
vulnerability is also high. People in the SAT, however, are not despair of their ecological
environment. They endeavor to reduce risk, increase adaptability, and seek a degree of autonomy, by
several ways. Lots of means are taken to avoid or mitigate the external risks and shocks, and also
there are many strategies both deliberate and automatic to get rid of the hardship. Social institutions
play an indispensable role to support these endeavor.

Theme IlI tries to make clear: i) why society at SAT is prone to increase vulnerability?; ii)
what is the process of increasing social vulnerability?; iii) what kind of strategies are taken and what
sort of social devises including institution are functioning to alleviate the vulnerability?

Each society has different historical background and location. We will pay much attention to
the regional specificity not so as to identify the variety of society but to clarify and extract the
general factors. We hope that we can find out the portfolios that worked for social resilience to
avoid risks and to cope with difficulties. Components of theme Il are as follows. The above
mentioned focus points will be studied in the course of pursuing these sub-themes.

[11-1 Change of economic policy and its impact on agricultural production and land use (Kodamaya,
Hanzawa, Shimada, Umetsu)

Impacts of economic change on cultivation system, land tenure, food marketing and
consumption will be studied. This is to understand the economic background of change in land use
in the study area. The Governmental reports, both national and local level and other publications on
agricultural development program will be collected and analyzed in this sub-theme. The increase of
cassava production and cash crops, such as cotton and sun flower, and decrease of sorghum and
millet production will be studied along with the influence of agricultural policies.

I11-2 Socio-political change and its relationship to the change of land use (Shimada, Araki,
Kajoba)

Change in customs and social institutions that have relation to agricultural production will be
studied in this sub-theme. Traditional land tenure system, mutual help system both intra- and inter-
kin groups, community-based resource management, and self-help institutions will be studied.
Institutions are viewed here as dynamic terms and as the products of social and political practices.
The change of institution inevitably cause change in the position of stake holders, which then have
repercussion to the former again. This is why long-term field study based on participatory
observation will be important for this study.

111-3 Vulnerability and social resilience of household and community (Shimada, Umetsu, Araki)
Historical narrative on drought, heavy rain, poor harvest, marketing failure of products will be




collected. And discourses about the reasons of poor harvest and failure in marketing will be
analyzed in the context of socio-economic change. The experience of reduced consumption,
off-farm works, asset disposal, exploit of community help, gleaning, collection of fuel, gathering
wild foods among others will be interviewed in different types of household such as cattle rich
household or women headed household. For the collection of data, we will conduct intensive
household level interview in some of study areas. The functions of social institutions and cultural
background will also be studied that have played an important role for the mitigation or even
eradication of vulnerability. In this sub-theme, some of non-agricultural factors, such as the impact
of HIV/AIDS, migration, and activities of NGO’s will also be studied.

Theme 1V: Integrated Analysis of Social-Ecological Systems (Theme Leader: Mitsunori
YOSHIMURA)

The primary goal of this research theme is to clarify the relationship between ecological vulnerability,
resilience and human activities through investigations of changes in ecological system and multi-level
social system. For this purpose, we select drought disaster and early warning system for food security
as a case study. The drought is known as one of the serious natural disaster for local people. Also the
drought causes luck of food and it is the word that expresses poverty of African countries typically.
Therefore early warning system (EWS) for food security has been discussed from the 1980°s when
severe famines hit the continent. Here we try to clarify the mechanism of drought occurrence and do
its disaster monitoring with three different spatial scales such as global/continental, country and
district level. Furthermore the vulnerability and resilience of the ecological system will be summarized
by integrating the results of this analysis with historical, socio-economic background in order to
understand the impacts on rural communities by country level actions of early warning system for
drought disaster.

IV-1 Global monitoring on environmental change (Saeki, Yoshimura)

In order to know the characteristics of African semi-arid tropics (SAT) region, its climate and
geopolitical conditions will be clarified. Through the climate research, the occurrence mechanism of
natural disaster such as drought will be clarified by the climate change monitoring with
global/continental level. Trough the geopolitical research, human impacts of natural disaster will be
investigated and its rural communities influence will be clarified by vital statistics with country scale.

IV-2 Land use change and its impact on ecological system (YYoshimura, Yamashita, Cultural
Anthropologist)

In order to know ecological system influences by environmental change (drought disaster), forest
degradation and vegetation change will be investigated. For these investigations, land cover and use
change analysis will be conducted using multi-temporal aerial photographs and satellite imageries.
Through these analyses, human influences of environmental change will be considered and compared
its results and historical and social background.

IV-3 The early warning systems and food security (Umetsu, Yoshimura, Cultural Anthropologist)
In order to understand Food security as an emergent issue for Sub-Saharan Africa, The role of the




United Nations (UN), World Food Programme (WFP) for the constructing the early warning system
(EWS) will be investigated. The practical problems and what kinds of EWS functions are useful for
rural community will be discussed through field level investigations and what kinds of influence on
the resilience of rural communities will be clarified by the actions of EWS.

IV-4 District level analysis of drought responses and resilience index (Umetsu, Saeki, Sakurai,
Shimada, Shinjo, Tanaka, Yoshimura)

1) District level statistical data on socio-economic indicators, agricultural production and grain prices
are collected from the Central Statistical Office and the Department of Agriculture; 2) Crop Forecast
Survey and Post Harvest Survey of Central Statistical Office (CSO) are combined with our own
reanalysis planned in year 2006; 3) District level data will be analyzed with socio-economic and
institutional factors as well as agro-ecological factors to provide mapping of resilience index; 4) The
statistical information would be supplemented by the field interview survey of farm households.
Socio-economics indicators are overlaid with agro-ecological information such as rainfall and soil
conditions.

2. Outcome up to now

2.1 Research Activities during the Feasibility Study

A. Research organization

e We set four themes as mentioned before and invited appropriate researchers to participate in the
project. Their fields include agronomy and soil science, development economics, resource economics,
anthropology, environmental geography, climatology, remote-sensing specialist.

¢ We identified potential collaborating institutions and researchers in Zambia, India and Burkina Faso.
e To prepare for the field research in Zambia, research permits of core members during 2006-2011
have been approved in December 2005 by the Government of Zambia through the assistance of the
Institute of Economic and Social Research, University of Zambia. The affiliation procedure of core
project members with ISER/UNZA has been completed.

B. Methodologies

During the FY2005, we conducted literature review, field observation and preliminary interview for
farmers, we identified some research targets that should be included in our resilience study. Details are
mentioned in the previous section.

C. Results of preliminary field research

e The 2004/5 cropping season in Zambia was hit by severe drought since 1991/2 cropping season.
Especially in Eastern and Southern Provinces, crop failure of maize ranged between 85-90 percent.

¢ Recently, drought resistant cotton production is increasing in Eastern and Southern Provinces. The
increasing cotton production needs to be examined carefully in the context of food security.

e During the field trip to Zambia in August 2005, we conducted a field observation for the potential
field sites in Eastern and Southern Provinces of Zambia. We obtained a partial weather data from the
Meteorological Department, Ministry of Communications and Transport. Also we obtained
information on geographical data from the Department of Survey, Ministry of Land Resources.



e During the field trip to Zambia in November 2005, we obtained the data set of Crop Forecast Survey
for 8000 farm households in the 2004/5-drought year from the Central Statistical Office. We plan to
obtain additional data sets for Post Harvest Survey in 2004 and 2005.

e We had a discussion on project collaboration with researchers and the staff of the following
institutions.

The Institute of Economic and Social Research, University of Zambia (UNZA); Faculty of Agriculture,
UNZA; Mt. Makulu Central Research Station, Ministry of Agriculture and Cooperatives; Central
Statistical Office; Survey Department, Ministry of Land Resources; Meteorological Department,
Ministry of Transport and Telecommunications; Food Security Research Project, Michigan State
University and USAID.

D. The 6" Open Meeting of IHDP at Bonn

¢ We organized a session (Adaptive Management and Resilience: Local Responses to Environmental
Stress and Risks) at the 6th Open Meeting of the Human Dimensions of Global Environmental Change
Research Community, 9-13 October 2005 held at the University of Bonn.

E. Meetings held during FS in FY2005

o April 28: 7" Resilience seminar

Title: Rural development scheme that aims at coexistence of economic activity and environmental
conservation: The case of Tanzania; Speaker: Ueru Tanaka, Graduate School of Global Environmental
Studies, Kyoto University

e June 10: 8" Resilience seminar

Title: The introduction of recent studies on resilience of lake ecosystems; Speaker: Shigeo Yachi,
RIHN

e July 21: 9" Resilience seminar

Title: Social transformation and change in land use in East Zambia: the case of new farmland opening
by Chewa farmers; Speaker: Ryuta Yoshikawa, Graduate School of Asian and African Area Studies,
Kyoto University

Title: Response of agricultural society to variation of international coffee price: economic
liberalization in 1990s and the *“coffee crisis” in Ethiopia; Speaker: Keiichiro Matsumura, Graduate
School of Human and Environmental Studies, Kyoto University

e October 21: 10" Resilience seminar

Title: Reconstructing the concept of “sustainable development” with focus on ecological resilience
Speaker: Satoshi Kojima, Institute for Global Environmental Strategies

e November 25: 11" Resilience seminar

Title: Meteorological data measurement in Mali, West Africa: 2001-1004; Speaker: Hiromitsu Kanno,
National Agricultural Research Center for Tohoku Region

Title: How do farmers cope with plot-specific rainfall variability? : The empirical study in Mali, West
Africa; Speaker: Takeshi Sakurai, Policy Research Institute, Ministry of Agriculture, Forestry and
Fisheries

e December 9: FS member meeting



2.2 Problems and Solutions for Research

A. Problem and solutions during IS/FS study

Although theoretical study is ahead of empirical study in resilience research, few empirical researches
have been done that applies resilience to practical development issues. Therefore, it is required to
apply this concept to regional problems. We set themes I, II, Il that study closely with local
communities and then extend further to theme 1V with wider geographical scope.

B. Changes made from the initial plan

During the incubation and feasibility study, we initially considered only Zambia and South India.
However, in PR we will expand the research area to semi-arid tropics (SAT). Thus it may be possible
to have comparative analysis of resilience based on differences of population pressure and land
endowment.

3. Research Activities from FY2006 to FY2011
3.1 Time Schedule

H17 FS H18 PR H19 FR1 | H20 FR2 | H21 FR3 | H22 FR4 | H23 FR5
Research Methodology XXX XX XX X
Zambia
I. Ecological Resilience X XX XXX XXX XXX XX X
11.Household/Community X XXX XXX XXX XXX XX
111, History / Institution XX XX XXX XXX XXX XXX X
IV. Integrated Analysis X XX XXX XXX XXX XXX XXX
India X XX XX XX XX X
Burkina Faso X XX XX XX X
International Workshop X X X
Project Report FS PR Annual Interium Annual Annual Final

Report Report Report Report Report Report Report

PR (FY2006)

I Preparation of the monitoring plots in the Miombo fallow woodland in Petauke site; Pre-treatment
for clearing the Miombo fallow woodland (e.g. bark pearing); Preliminary survey on soil, topography
and vegetation in Petauke, Eastern Province, and Sinazongwe, Southern Province of Zambia;
Selection of the sample households in Petauke and Sinazongwe.

Il: Study site will be determined (four villages from Petauke district, Eastern province and another
four villages from Sinazongwe district, Southern province in Zambia). They will be selected
considering representativeness of each district, variation among them in terms of distance from the
district capital as well as rainfall level. Then, census will be conducted in each village, based on
which village household will be stratified and sample household will be drawn from each strata.

I11: Collect necessary publications and statistical data available to serve for the study I11-1. Select
three villages or more from the Central, Southern, and Eastern Provinces of Zambia for the study of
[11-2 and 111-3.

IV: Data source retrieval and data collection and data base construction; drought and its related
information gathering at international organizations; design of metrological stations



FR1 (FY2007)

I. Setting of weather and soil monitoring apparatus in the Petauke site; Opening of the Miombo fallow
woodland (Y1 plot) for cultivation and recording of the entire processes; Field survey and sampling of
soil and vegetation in the Petauke plots and laboratory analyses; GPS survey of the plot boundaries of
the sample households, hearing and observation of land use at each plot in Petauke and Sinazongwe;
Hearing and observation of conventional farming systems and land use types.

Il: Rainfall gauges will be installed before rain starts in October. Weekly household interview will
also start before the rain. Soil sampling and vegetation study will be conducted during the rain
season. Anthropometrics will be carried out at least twice in a year: during the rain season and after
the harvest. The data will be shared among sub-themes I1-1, 2, 3, and 4.

Il Intensive field study by participatory method will be started to collect household level
information about family structure and agricultural production system. This is the base-line study for
the sub-theme of I11-2 and 111-3.

IV: Data analysis for constructed data base in PR: 1) Drought period and area identification using
metrological data; 2) Drought disaster monitoring using satellite data; 3) Comparison of district level
population data; Set up metrological stations in the fields; Analysis that relates drought and Population
statistics; selection of comparative country and regions for Zambia.

FR2 (FY2008)

I: Continuation of the weather and soil monitoring in the Patauke site; Opening of the Miombo fallow
woodland (Y2 plot) for cultivation, cultivation in Y1 and Y2 plots, survey of soil and vegetation,
measurement of crop yield, sampling and laboratory analyses; Completion of GPS survey, additional
GPS survey for newly converted plots, continuation of land use monitoring in Petauke and
Sinazongwe; Hearing and observation of minor husbandries (e.g. seasonal labor migration, livestock
keeping, gathering and fishing); Preparation and commencement of the comparative field research in
Semi-arid India)

Il: The same as FR1.

I1I: Intensive study for I11-2 and 111-3 will be continued. Records and narratives about misery and
difficulties that caused social vulnerability will be collected.

IV: Drought disaster monitoring at Petauke and Shinazongue area; Investigation of EWS and case
study for "90 drought disaster.

FR3 (FY2009)

I: Continuation of the weather and soil monitoring in the Patauke site; Opening of the Miombo fallow
woodland (Y3 plot) for cultivation, cultivation in Y1, Y2 and Y3 plots, survey of soil and vegetation,
measurement of crop yield, sampling and laboratory analyses; Additional GPS survey for newly
converted plots, continuation of land use monitoring, survey of soil and vegetation, measurement of
crop yield in Petauke and Sinazongwe; Preparation and commencement of the comparative field
research in Semi-arid West Africa)

Il: The same as FR1.

I1I: Intensive study will be continued. The focus of interview will be concentrated on the process of
increase of social vulnerability and the processes of alleviation of it.



IV: Seasonal and dairy change analysis of observed metrological Ddta; Agricultural land use and
settlement change analysis by aerial photographs; Interviews at villages in Petauke and Shiazoungue;
Interviews at villages of PR2 case study area.

FR4 (FY2010)

I: Continuation of the weather and soil monitoring in the Patauke site; Opening of the Miombo fallow
woodland (Y4 plot) for cultivation, cultivation in Y1, Y2 Y3 and Y4 plots, survey of soil and
vegetation, measurement of crop yield, sampling and laboratory analyses; Additional GPS survey for
newly converted plots, continuation of land use monitoring, survey of vegetation, measurement of
crop yield in Petauke and Sinazongwe.

I1: The same as FR1.

I11: Intensive study will be continued. The study of 111-3 will be started to analyze the functions of
social institution that has played for the vulnerability and resilience of society.

IV: Model development that relates drought disaster and statistics of population based on Zambia
research results; Validation of Zambia model at case study area.

FR5 (FY2011)

I: Continuation of the weather and soil monitoring in the Patauke site; Opening of the Miombo fallow
woodland (Y5 plot) for cultivation, cultivation in Y1, Y2 Y3, Y4 and Y5 plots, survey of soil and
vegetation, measurement of crop yield, sampling and laboratory analyses; Geo-statistical analyses on
spatial and temporal variation of soil and vegetation; Additional GPS survey for newly converted plots,
continuation of land use monitoring, survey of vegetation, measurement of crop yield in Petauke and
Sinazongwe; Analyses on the components and indicators of ecological resilience, inter-relations
between ecological resilience and the impact of human activities; Comparative analysis of the
ecological resilience in SAT (Southern Africa, West Africa and India) to seek some sound options of
the ecosystems and resources management systems.

I1: Analyses of the four-year data collected from FR1 to FR4.

I11: It is aimed to find out the portfolios that worked for social resilience to avoid risks, to cope with
difficulties, and recover from the misery.

IV: Integrated analysis of ecological system and social system

3.2 Outcome Expected until Evaluation Committee Meeting

A. Until FY2005 Evaluation Committee Meeting

e FS project report is under preparation.

e e are trying to contact Central Statistical Office to arrange the supplementary household survey
for the same sample households interviewed for Post Harvest Survey in the Eastern and Southern
Provinces during the summer of 2006.

e e continue searching researchers to strengthen our project team.

C. Until FY2007 Evaluation Committee Meeting
I-1. Components and some indicators of ecological resilience are revealed
I1-1. Quantitative measurement of spatial and temporal distribution of rainfall and its impact on



household behaviors.

I11-1. Complex processes of increasing and mitigating vulnerability will be analyzed in connection
with local specificity.

IV-1. The occurrence mechanism of natural disaster, human impacts of natural disaster and its rural
communities influence will be clarified

Until the FY2011 Evaluation Committee

I-1. Components and some indicators of ecological resilience are revealed

I-2. Inter-relations between ecological resilience and the impact of human activities are revealed

I-3. Some sound options of the ecosystems and resources management are proposed

I1-1. Quantitative measurement of spatial and temporal distribution of rainfall and its impact on
household behaviors.

I1-2. Quantitative assessment of households’ dependence on various kinds of resources to mitigate
rainfall risk and to cope with drought shock.

I1-3. Quantitative evaluation of households’ income as well as consumption smoothing as indices of
households’ resilience.

I11-1. Complex processes of increasing and mitigating vulnerability will be analyzed in connection
with local specificity.

I11-2. The factors or combination of factors that work for mitigation of vulnerability will be
disclosed.

I11-3. The assumption that environmental degradation reflects a growing lack of synchrony between
the society and its natural environment will be tested from the social resilience point of view.

I11-4. It is hoped that we can suggest possible solutions to restore harmony to environment-society
relations by strengthen community-based natural resource management institutions.

IV-1. The occurrence mechanism of natural disaster, human impacts of natural disaster and its rural
communities influence will be clarified.

IV-2. The ecological system influences by environmental change, human influences of environmental
change and historical and social background will be clarified.

IV-3. Functions of early warning system, their usefulness and practical problems for rural community
will be clarified.

IV-4. The resilience index and mapping will provide the useful information for increasing resilience of
rural communities in drought prone areas.



4. Common Issues and Discussions

4.1 Objectives of RIHN Project

A. Why do you conduct proposed research as a RIHN project?

As a RIHN project, it is possible to challenge research agenda that has never been accomplished in any
other research funds. Relatively long term (6 years) with relatively large funds for one project makes it
possible to realize such research. For our resilience project, those research agenda includes an
experiment of forest-clearing, collection of soil quality and rainfall data at the large number of farm
households. Since a research of resilience for social-ecological systems requires researchers from
many disciplines, a support from RIHN to conduct interdisciplinary project is a large asset to initiate
such a project.

B. Relations to “global environmental issues” and proposed research

People who rely their production on environmental resources have vulnerable livelihood against
environmental variability. In those areas, deforestation, desertification, and soil degradation caused by
a vicious cycle of poverty and environment degradation is a critical issue and it is recognized as one of
the “global environmental issues.” The recent Environment Ministerial Summit (G-8) held in March
2005 called especially upon the need of research on impacts of climate change particularly in
sub-Saharan regions. The proposed research aims at considering the impacts of environmental
variability and increasing resilience of people in semi-arid tropics, which is the pressing global
environmental issues for international community.

C. Research area and the relations to “global environmental issues”

The proposed research covers areas including Southern Africa region (Zambia, Zimbabwe), West
Africa region (Burkina Faso, Niger), and South Asia (India). Those areas are a part of semi-arid tropics
(SAT). In the semi-arid tropics (SAT) regions, the livelihood of the people is considered one of the
most vulnerable against climate change. People in this area largely depend on vulnerable rainfed
agricultural production systems and increasing food security, resilience of livelihood and reducing
poverty are an acute issue in this area.

D. How do you utilize the results of the project to help solving “global environmental issues”?

We consider environmental degradation caused by the “vulnerability” of social-ecological systems as
“global environmental issues” and the ways to enhance “resilience” of social-ecological systems as a
primary goal of solving “global environmental issues”. During the research project, data collection,
observation and analysis will be conducted to find out some key indicators to resilience. By using
those indices, our goal is to provide some options of the ecosystems and resources management at the
end of the project.

4.2 Methods to realize “integrated” and “interdisciplinary” project

A. Characteristics and problems of methods and organization

We plan to set four themes that interlink each other in various dimensions from household and
community level analysis to temporal and spatial level of analysis. Particularly we invite social



scientists who are able to work with natural scientists to make use of scientific information and data
for social science research agenda.

C. Research group expected to join the project

e Anthropometrics expert, macro economist, cultural anthropologist,

e India: water management and human security in Tamilnadu (Umetsu, Palanisami, Yatagai,
Geethalakshmi, Sakurai and others from FY2006)

-The state of Tamilnadu is endowed with 5% of total land and a home of 7% of total population in
India. About 60% of labor force in Tamilnadu engage in agriculture. Recently over exploitation of
groundwater and water scarcity in tank irrigated area is becoming a major problem for the
sustainability of agricultural regions. This research component aims at 1) analyzing the rainfall
patterns in the state by accumulating the weather data of monsoon rain; 2) analyzing the flow of
rainfall into the watershed by hydrological tool; 3) analyzing responses of farmers and communities
for water scarcity; thus 4) consider measures to enhance resilience and sustainability of rural areas.

e Burkina Faso: soil resource management and human security (Tanaka, Sakurai and others from FY
2007)

-Soil resources in agricultural areas in Burkina Faso are under the threat of degradation because
of various factors such as population pressure, intensified agriculture, and migration. We try to analyze
various social and physical factors that are affecting soil degradation in resource poor rural areas of
Burkina Faso.

C. Collaboration with other RIHN project
We plan to organize workshops in collaboration with other RIHN projects that share common interests
and common research areas with us. Joint publication is also another option for collaboration.

4.3 Towards dissemination of the research outcomes

We want to disseminate the research results not only at the domestic meetings but also at the
international research community. Therefore, possible strategies are as follows:

Publication

1. Publication of workshop report (annual)

2. Book publication out of international workshop (Japan, Zambia, and others)

3. Publication in the academic journals

Presentation

1. Presentation at the domestic and international workshop

2. Presentation and session organization at the international research community such as IHDP
3. Presentation and session organization at the academic conference

Dissemination

1. Make research results available at project homepage.

2. Make research results available at the open forum for public.
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Soil Resilience Study in Semi-Arid Sub-Saharan Africa

Hitoshi Shinjo
Graduate School of Agriculture, Kyoto University

Significance of Resilience

In semi-arid sub-Saharan Africa, droughts resulting in crop failure are common and
have induced serious food insecurity that is closely interacted with poverty. Since the majority
of poor make their living from smallholder farming under rainfed conditions, the land
degradation closely linked with poverty and food insecurity prevails in rural areas. Rockstrom
(2003) attributed the causes of land degradation to interacting pressures from population
growth, poor land management practices and weak land policies acting on a vulnerable
resource base. Land degradation reduces the capacity of the agricultural ecosystems to absorb
environmental shocks, such as floods and droughts, that are projected to increase due to
global climate change (IPCC 2001). As a result, we may have orthodox views that land
degradation affects the considerable area of the Earth’s land and the situation is getting worse
as pointed out by the influential document ‘Protecting Our Planet: Securing Our Future’
(UNEP/NASA/World Bank 1998).

However, several researchers argued the reality of those views. Scoones (1998), for
example, carefully examined some of such doom-laden views and found that these views
derived from two main sources: first, detailed scientific studies carried out at the microlevel
whose findings are extrapolated to address wider issues; second, macrolevel economic
analyses of food and agricultural policy which make inferences about longer-term trends from
aggregate data at country, regional or even continental levels. Although non of the original
studies cited in these views were, of course, incorrect, we should be aware of their data quality,
the spatial scale at which the original studies were conducted, and the non-linear dynamics in
time scale. Particularly, the last issue has been recognized as the key missing one in current
investigations of agricultural resource management. Even if a trend over a short period in the
recent past is observed, it cannot be assumed that such a linear pattern will continue into the
future. Rockstrom (2003) pointed out that nature with which we are coping is not a balanced
system filled with nice biogeochemical cycles, circulating in a predictable pattern, but instead
consist of complex and adaptive systems, where extreme events, such as floods and droughts,
form a natural part of the reality. Stocking (2003) also maintained that the linear view as
doomsday scenarios of increasing population and declining soil resource quality fail to
capture the diversity of soils. This perception reflects increase of our findings on the behavior
of systems especially since Holling (1973) originated the idea of “resilience” in the field of
ecology.

Among diverse definitions of resilience, two major ones are engineering resilience
and ecological resilience. Engineering resilience is the speed by which the system returns to



the equilibrium after certain disturbance. As Bengtsson (2002) claimed, however, in
ecosystem studies, the concept of ecological resilience seems more relevant since ecosystems
are complex entities that have not only one but many stability domains. Ecological resilience
can be defined as the capacity of a system to undergo disturbance and maintain its functions
and controls and can be measured by the magnitude of disturbance the system can tolerate and
still persist before it moves into a different region of state space and a different set of controls.
Although resilience has often been discussed in the context of sustainability, it should be
noted that a sustainable system possesses the resilience to disturbance, but not vice versa.
Sustainability is commonly accepted as the desirable goal, while resilience can be desirable or
undesirable. System states decreasing social welfare, such as racism or dictatorships, can be
highly resilient. Since the semi-arid sub-Saharan Africa is fully exposed to the changing,
unpredictable settings, such as drought and institutional instability, the resilience concept
would help to analyze the interrelationship between agricultural land use, food security and
land degradation.

Since the resilience can be defined theoretically as above, its operational and
measurable definitions consistent with the theoretical ones are required for the analysis of
systems in the real world. In this sense, we should specify what system state is being
considered (resilience of what) and what disturbances are of interest (resilience to what)
(Carpenter et al. 2001). Firstly, this paper reviews how the resilience concept has been used in
the arena of terrestrial ecosystems with special reference to “resilience of what to what”.
Secondly, it will discuss the context in which soil resilience should be evaluated in the
semi-arid sub-Saharan Africa.

Experiences in Resilience Studies in Terrestrial Ecosystems

Most of the resilience studies in terrestrial ecosystems were categorized into two
major groups according to the disturbances (resilience to what); manmade or natural.
Examples for the manmade disturbances are logging (Asner et al. 2004), mechanical
compaction by machinery (Munkholm and Schjgnning 2004) and man (Lemauviel and Rozé
2003), contamination of metals (Griffiths et al. 2005) and organic chemicals (Benitez et al.
2004), grazing (Holm et al. 2005) and military training (Quist et al. 2003), while those for
natural disturbance are wild fire (Certini 2005), flood (Jackson and Colmer 2005) and drought
(Lloret et al. 2004). As for the system observed upon disturbances (resilience of what), they
monitored the temporal changes in productivity of plant communities, function of soil
microbial communities or soil nutrient status. In addition, the other attribute of the soil
resilience studies can be type of the human interventions examined as impact on the change in
resilience. One typical example is the comparison of organic and conventional farming
systems in terms of the soil resilience to the certain disturbances (for example, Van
Diepeningen et al. 2006; Griffiths et al. 2001). Thus, the soil resilience studies can be grouped
according to the three attributes; what does affect resilience of what to what?



In spite of so diverse systems examined in terms of resilience from the scale of DNA
(e.g., Fitter et al. 2005) to landscape (e.g., Holm et al. 2005), most of the authors have tried to
describe the effect of disturbance on the functions of systems through diversity of their target,
based on the hypotheses that the diversity of a system controls its resilience that might decline
with improper human interventions. Van Diepeningen et al. (2006) reported that organic
management resulted in higher numbers of bacteria of different trophic groups, larger species
richness in bacteria and nematode communities and more resilience to a drying-wetting
disturbance than conventional management. Griffiths et al. (2001) also found that the
grassland soils and the organically managed soils with more protozoan populations were more
resilient" to copper addition and heat stress than the polluted soils. As these studies reveal, the
diversity appears to ensure the resilience of the system.

On the other hand, relationships between diversity and productivity or functionality
are not apparently straightforward. Rosenzweig and Abramsky (1993) cited a number of the
measurements showing the common trend that the diversity reached to the maximum at the
middle level of productivity within a region (Fig. 1). Although its theoretical background has
not been yet fully understood, Shinjo et al. (2005) discussed the application of this trend to
evaluate desertification processes after extending the original hypothesis by Schlesinger et al.
(1990) (Fig. 2). Thus, if both of the resilience and the productivity are controlled by diversity,

~ 2.0r Fig. 1 Relationship between diversity index and plant biomass in
% 15 northern Burkina Faso (Shinjo et al. 2005). At 9 sites, plant
L - % species were identified at intervals of 50 cm in the 50 m transect
-5> 1.0t ’. and aboveground plant biomass in 1 m? was measured at 3
3 * ¢ points in the transect. Shannon-Weaver’s diversity index, H’,
g 0.5 was calculated at each site by
a 0.0 : w s ‘ H’=-XP; x loge P;
0.0 0.5 1.0 15 20 where P; is the frequency of plant species i in the 50 m transect.
Plant Biomass(t ha™') Plant biomass showed the maximum value at the middle of

plant species diversity

Fig. 2 Hypothetical diagram of desertification
process (Shinjo et al. 2005). Spatial heterogeneity
of soil and vegetation will reach a maximum at
A > > the middle of desertification processes, while soil
and vegetation would in general have a
homogeneous character at its beginning and end.
Photos show landscapes found in northern
Burkina Faso at the same sites in Fig. 1.

Spatial heterogeneity

Decrease in land productivity

! In the original article (Griffiths et al. 2001), “resistant” was used instead of “resilient”. They referred
“resilient” to another feature of systems stability. This inconsistency in the definition of “resilience”
among articles strongly suggests us to use “resilience” with explicit definition not to confuse readers.



tradeoffs between resilience and productivity might take place. The most resilient system
would be at the middle level of productivity. This possibility should be examined carefully
and thoroughly especially for the food security and the improvement of livelihood in the
semi-arid sub-Saharan Africa. Food security system resilient to droughts or shocks might be
achieved with investment of surplus in good years for stabilizing the system not for shifting to
a second stable state.

Needs for Soil Resilience Study in Semi-Arid Sub-Saharan Africa

Recognizing the significance of the diversity in natural resources and also social
capital for smallholder farmers in sub-Saharan Africa to mitigate disturbances, some authors
called for its analysis to provide more realistic intervention for them (Scoones 1996; Stocking
2003; Rockstrom 2003). There is missing area for this analysis. Firstly, few studies have
defined resilience as operational and measurable indices. For example, Rockstrom (2003)
proposed water harvesting and conservation farming as options of resilience building for
drought mitigation, but did not specify how to evaluate their effectiveness yet. Secondly,
dynamic nature of spatial variability in complex systems has rarely been elucidated at field or
landscape level although diversity in time and space might contribute to the resilience of the
system (Fig. 2). Scoones (1998) exemplified how farmers in Ethiopia managed space at field
and plant level in order to maximize the efficiency of use of fertility amendments. For this
purpose, experiments that can distinguish effects of human intervention on soil resilience
from those of disturbance would be promising since disturbance itself also affects soil
resilience. Thirdly, relevance of soil resilience in the context of social systems is not
examined yet. Smallholders do not only rely on soil resilience for mitigating disturbance.
Social resilience also plays a significant role. Reciprocal help among different ethnic groups
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Fig. 3 Spatial pattern of the depth of petroplinthic horizon along a transect in a village of central
Burkina Faso (Tanaka unpublished data). A petroplinthic horizon is an indurated layer, in which
iron is an important cement (FAO, ISIRC and ISSS, 1998). Since this horizon is extremely hard, its
depth corresponds to the effective soil depth in terms of plant productivity. This depth could be
more critical in drought years than in normal years since the soil thickness down to this horizon
determines the amount of water that can be held in the soil. Thus, the depth of petroplinthic horizon
can be one of the indicators for soil resilience to the drought in this study site. This spatial pattern
was mainly determined geomorphologically, but could be modified by human-induced erosion.



and family members living in the different regions is an good example. Social resilience is
also not static, might be eroded due to both of land degradation and socio-political change.
Decline of soil resilience would trigger a loss of social resilience and vice versa. Dynamics in
soil resilience should be evaluated in the context of social resilience.
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Analyses of Household and Community Responses to Environmental
Variability: The Case of Drought in the Semi-Arid Tropics
(Report on Feasibility Study in 2005)

Takeshi Sakurai (Policy Research Institute)

Household and Community Responses to Drought

Rural households in the semi-arid tropics, particularly in sub-Saharan Africa where
credit and insurance markets are generally imperfect, have developed various kinds of
risk-management and risk-coping mechanisms to respond unpredictable rainfall.® Some of
the mechanisms such as borrowing and gift-receiving depend on relatives and friends in the
same or neighboring villages, and hence the informal mechanisms will not work well in the
case of severe drought where most of the households are simultaneously affected.> On the
other hand, there are other kind mechanisms that rely on natural resources; for example, food
gathering in the bush and utilization of wet valley bottoms.>  As such, which mechanisms a
household utilizes and how much extent the mechanisms are effective will be determined by
private assets that the household has, common-pool natural resources that are available for the
household, the severity of the drought, community’s characteristics, and so on.* At the same
time, the natural resource endowments could be affected by rural households’ behaviors to
cope with droughts. For example, if many households rush for wild food in the bush, the

! A detailed review about research on informal insurance mechanisms in developing countries is available
in Chapter 8 of Bardhan and Udry (1999). It shows that rural communities have mechanisms to pool
idiosyncratic risks incurred at individual households, although they are not perfect.

2 In the semi-arid zone in West Africa, a drought-prone area, it is known that rural households have
diversified their income sources to zones (i.e., the forest zone) and sectors (i.e., non-agriculture) that are not
subject to the erratic rainfall in the semi-arid zone. For example, rural population in Burkina Faso relies
on external migration (mostly to neighboring Cote d’Ivoire) as well as remittance from the relatives living
outside the country, and such revenue is estimated to constitute 10 — 20 percent of their total income
(Reardon et al. (1988)). It is not only drought but war, economic crisis, earthquake, flood, etc. that will
cause a covariate shock from which many people in the same area suffer at the same time. There are
limited number of studies on households’ coping behavior in the case of covariate shocks: for example, the
impact of the currency crisis on fertility in Mexico (Mckenzie (1999)), households’ coping with flood in
Peru Amazon (Takasaki et al. (2004)), the impact of the Great Hanshin-Awaji earthquake on households’
expenditure (Sawada and Shimizutani (2004)), and the impact of war-induced covariate shock on soil
fertility management in Burkina Faso (Sakurai and Savadogo (2006)). Please note that the concept of
socio-ecological resilience is not limited to the case of drought, but can be applied other covariate shocks.

* In our preliminary fieldwork in Zambia we observed that people in the area affected by the severe
drought in 2004/05 consume wild food such as cassava-like poisonous root. Such phenomena are often
reported, but it is not yet known how much nutrient share such wild food constitutes.

* Of course, formal institutions play an important role in the determination of households’ strategies of ex
ante risk-management and ex-post risk coping. In our preliminary fieldwork in Zambia we observed a lot
of aid (food as well as agricultural inputs for the next season) are being distributed in the drought-affected
area by the government and NGOs. We can imagine that such aid may have created a moral hazard
among farm households in the drought-prone area, although it must be rigorously proven by the data. In
fact, farmers would not shift from maize to other drought-resistant food crops such as sorghum and cassava
even though maize harvest totally failed in 2004/05 due to the drought. We believe that the moral hazard
can explain farmers’ crop choice at least partially.



resources will be exhausted and will not serve as a safety net in the next drought.> In other
words, the resilience of households and that of ecosystem are dynamically inter-reliant. And
because of this inter-reliance, households in the semi-arid tropics are often trapped in the
vicious cycle of poverty and environment degradation.® This is the fundamental issue that
the research project at which this feasibility study is aiming will address. Hence, this report
on the feasibility study proposes a strategy to analyze socio-ecological resilience coupled with
some review on the literature.

The research strategy consists of four parts. Part 1 discusses how to measure the risky
event objectively, that is, rainfall. Then, part 2 concerns the endowments of resources
available to households including physical, natural, human, financial, and social capitals.
Part 3 is devoted to the analyses of households’ behavior: risk-management before the rain,
adjustment during the rainy season, and risk-coping after harvest. And finally in part 4,
households’ resilience in risky environment is evaluated in terms of income-smoothing,
consumption-smoothing, and nutritious status.

1. Measurement of spatial and temporal distribution of plot-level rainfalls

It is well known that in the semi-arid tropics rainfall variability is very large even within
a village. Moreover, crops are severely affected if there is no rain in the critical stage even
annual rainfall level is high enough. That is, both spatial and temporal distribution of
rainfall does matter. Nevertheless, most drought studies use annual rainfall observed at
regional weather station, simply because spatial and temporal rainfall distribution at plot-level
cannot be observed. This is the most significant weakness of existing drought studies.
Hence, as the part 1 strategy it is proposed that daily rainfall on every sample household’s plot
will be recorded by utilizing small rain gauges, and the characteristics of spatial and temporal
rainfall distribution within a small area will be analyzed.

Plot-level rainfall data have never been utilized in economic studies except for a
pilot-type study done in semi-arid zone in southwestern Mali with a small number of sample
households (Sakurai 2005a). Although sample size of the proposed study will be much
bigger the pilot study in Mali, it will be useful to describe the Malian study briefly here so
that the data collection method can be understood. In the Malian study, two villages are

® In the case of war-induced covariate shock in rural Burkina Faso, the negative income shock has induced
an expansion of cropping area (Sakurai and Savadogo (2006)). This can be considered as the case where
natural resources (soil and vegetation in bush) are exploited for coping with the shock, and if it leads soil
degradation and desertification, the resources will never serve as safety net. Obviously, it depends on the
robustness of soil and vegetation against human interventions.

® Although the vicious cycle of poverty and environment degradation is frequently mentioned (for example,
a review by Duraiappah (1998)), its empirical evidence is still poor due to the lack of data and most of the
existing empirical studies show only static relationship between the two (e.g. Cavendish (2000)). The difficulty
may arise from two characteristics of the nexus. First, resource degradation induced by chronic poverty is slow
and gradual, and hence is hardly observable. Second, chronic poverty itself may not cause resource degradation if
the nexus is at a stable equilibrium point. Hence, the study being proposed here aims to overcome the data
constraints in a multidisciplinary research team.



chosen for the study site and in each village about 30 households are randomly selected from
wealth-based strata. Hence, the sample size is 60 households in total. The sample
households were interviewed by field assistants who stayed in each village. They used
structured questionnaires prepared in advance, which consist of several components listed in
Table 1. Field assistants residing in each of villages interviewed the sample households
every week starting from May, 2001 until the end of year 2003. On the other hand, about
half of the sample households were selected for the measurement of plot-level rainfall. For
each household, the most important plot in terms of food production was identified and an
automatic rain gauge was set on the plot. Hence, the number of the rain gauges amounts to
fifteen in each village. They did not select all the sample households for the rainfall
measurement just because of the limitation of budget. Based on the data of daily
precipitation at fifteen different locations in a village, daily precipitation levels at another
fifteen plots of the remaining half of the sample households were estimated.

For rural households, rainfall is the most precious natural resource for their subsistence.
Therefore, plot-level rainfall can be regarded as “private asset” for the owner of the plot.
However, since rainfall availability is not predictable unlike other assets, rainfall should be
classified as a risky asset, which does not appear in Table 1.

Table 1. Components of Questionnaires for Household Survey in Mali

Category Frequency Description of component

Household Once a year: Demographics of the household

characteristics At the beginning of the Plot characteristics and crops (household common plots only)
and household rain season Ownership of the plots investigated

asset holdings Livestock holdings

Asset holdings (agricultural equipment and buildings)

Information sources of agriculture and technology

Agricultural Every week: Agricultural activities conducted during the previous week

activities During cropping season Agricultural inputs and outputs during the previous week

Purchases and sales of agricultural products during the
previous week

Expenditures Twice a month: Expenditures for goods and service during the last two weeks
During the survey period

Non-agricultural | Once a month: Consumption of food in stock during the previous month

activities and During the survey period | Labor supply to and income from off-farm activities during

transfer the previous month

Gift given and received during the previous month

Adapted from Sakurai (2005a)

2. Investigation of households’ capital endowments

How a household manages drought risk and copes with drought is a function of not only
the magnitude of drought shock but also the resources available to the household. As
mentioned in part 1, rainfall is also considered to be an asset, and can be included in the
households’ asset inventory. But since the measurement of plot-level rainfall is quite new
and requires innovative technologies, it is treated separately in part 1. Therefore, in the



strategy part 2, households’
capital endowments other than
rainfall will be investigated.
UK’s  Department  for
International Development
(DFID) is promoting the concept
of “Sustainable Livelihood (SL)

approach” for poverty alleviation, ' Figure 1. Five Capitals in SL Approach
. . ) adapted from Ashley and Carney (1999)
in which households’ capital that

Key

H = Human Capital S = Social Capital
N = MNatural Capital P = Physical Capital
F = Financial Capital

supports their livelihoods is classified into five categories as shown in Figure 1 (Ashley and
Carney 1999). This paper does not necessarily follow the SL approach, but adapts the
categorization of households’ capital as it is quite convenient. In the context of this
proposed drought study, households’ capital could be classified as follows: natural capital
(rainfall, agricultural land, fallow land, forest land, livestock, and so on), physical capital
(agricultural equipments, houses, and so on), human capital (composition of household
members, their education level, their skills, their health status, and so on), financial capital
(potential money-lenders, potential gift-givers, saving, and so on), and social capital
(membership, network, trust, and so on).

There are several methodological issues in the measurement of the capital endowments,
which are not explicitly treated in the Malian study presented above. First issue is how to
measure the risk. As mentioned in part 1, since rainfall is a risky asset, the measurement of
spatial and temporal variability of rainfall is critical. ~ Similarly, it is necessary to quantify the
risk of other assets, particularly of risky assets such as livestock holdings and human capital
that are subject to diseases and death.”® In other words, simple information on the number
and the value of animals and the number of years of attending the school is not enough as they
do not reflect their vulnerability. As far as the author knows, there is no standardized
method to measure it or proxy variables to capture it, multidisciplinary research team
including experts in human health and animal health should elaborate to develop
methodologies.

Second issue is how to measure the physical amount of natural resources. Even though
most assets are not so variable in the short-run, they are subject to depreciation in the long-run.
The depreciation is determined by several factors including the utilization by the people, and

" As is well known, HIV prevalence rate in Zambia is very high even in rural area (about 15% according to
UNAIDS/WHO (2004)). It means that human capital cannot be an effective asset to cope with external
shocks such as drought.  In addition, households may be discouraged to invest in such a risky asset, which
will have a serious, negative consequence in the long run not only to the households themselves but also to
the country as a whole.  This is one of the most important research topics of this proposed study in Zambia.
Yamano (2005) deals with this issue in his study in Kenya.

8 Livestock diseases are a serious problem in Zambia. For example, in March 2004, outbreaks of
contagious bovine pleuropneumonia (CBPP) were reported in southern and western provinces of Zambia
(FAO 2004).



we know that soil is degrading and forest is disappearing. However, it is not easy to measure
the rate of their depletion and the rate of their renewal. Moreover, it is hardly obtainable
how much amount of resources exists and is available. The difficulty in measurement arises
particularly when we consider the way to analyze data. Since this proposed study concerns
household behavior under drought risk, the unit of analyses should be plot and household.
Hence, just like plot-level rainfall, the endowments and the depreciation of natural capital
need to be plot and household level. Such measurement may be technically possible, but
will require tremendous amount of fieldwork. Thus, efficient methods to obtain necessary
information need to be developed in collaboration with natural scientists. Note that the
Malian study presented in part 1 does not include such natural resources in the capital
inventory available to the households, as shown in Table 1. It is not because they are
insignificant, but because it is too costly for a non-specialist to conduct physical measurement
of soil and vegetation. The advantage of multidisciplinary approach of this research project
is the involvement of natural scientists in the physical measurement such as soil and
vegetation.

Third issue is about social capital.” A standard method to measure social capital by a
set of questions has been established by the research team at the World Bank (Grootaert and
Bastelaer 2002a; Grootaert et al 2003). And there is an ample of empirical studies that show
positive effect of social capital on household income, technology adoption, common-pool
resource management, etc. (for example Grootaert and Bastelaer 2002b; Grootaert et al 2002;
Isham 2002; Krishna and Uphoff 1999). However, there are several problems if we adapt
the standardized World Bank methodologies. First, although the World Bank questionnaires
are comprehensive, they include so many questions and take so long time that they cannot be
readily adapted in our study on socio-ecological resilience that should require a lot of
different kinds of data. From a technical point of view, this is the most serous weakness of
the World Bank approach. Moreover, there is still even a fundamental question as to how we
can measure social capital. As Fukuyama (1999) points out many of the measurement of
social capital such as trust, networks, civil societies are manifestations of social capital arising

% Bourdieu (1986) defines social capital as “an attribute of an individual in a social context,” and syas
“One can acquire social capital through purposeful actions and can transform social capital into
conventional economic gains. The ability to do so, however, depends on the nature of the social
obligations, connections, and networks available to you.” It means that social capital, just like physical
capital and human capital, is accumulation of past flows of investment less past flows of depreciation and
somehow measurable. There are several ways to classify social capital, but with respect to the elements,
two forms of social capital that correspond to the different roles of community should be distinguished.
According to Krishna and Uphoff (1999), there are structural forms of social capital and cognitive forms of
social capital. The structural social capital includes “rules, social networks, roles, procedures that
facilitate mutually beneficial collective action by lowering transaction costs, coordinating efforts, creating
expectations, making certain outcomes more probable, providing assurance about how others will act.”
On the other hand, the cognitive social capital means “norms, values, attitudes, and beliefs which create
and reinforce positive interdependence of utility functions and which support mutually beneficial collective
action.”



as a result of social capital rather than social capital itself. Sobel (2002) addresses a
causality issues in which he argues that some consequences of social capital are used as
measurement of social capital itself in other context. Since there is no agreement regarding
the measurement, or some even deny the existence of social capital as a kind of capital that
individuals or households possess, this proposed research project need to consider how to
incorporate the concept of social capital in the framework of socio-ecological resilience.
Probably, one way to incorporate it will be from the viewpoint of social safety net that “social
capital” may be providing communities or households. Such roles of social capital have
been recognized, but empirical evidence is still little except for Sakurai (2005b) who shows
that villages in Burkina Faso with higher social capital measured by group activities within
the villages received more external aid when villagers suffered negative income shock due to
the civil war in Cote d’Ivoire.'

Finally, we need to pay seroious attention to the property rights of the capital items. In
the case of natural resources, resource ownership is often analyzed in terms of efficiency and
equity: for example, which type of forest ownership is more efficient and which is more
equitable, state property, common property, or private property? There are bunch of
empirical studies in this field (e.g. Otsuka and Place 2001), but they are not investigated from
the view point of socio-ecological resilience. Moreover, in the case of household capitals,
gender related questions are typically addressed: whose capital (for example, land) is it, who
controls the capital, who obtains the income from the capital, and so on. The biased asset
ownership arises via gift and inheritance in the case of physical capital like land or by
investment in the case of human capital like education. For example, see Quisumbing et al.
(2004).  Again, their consequences on socio-ecological resilience are still unknown.
Compared with other types of capital, the ownership of social capital and its consequences are
rarely discussed in the literature. There should be difference between the case where male
household head has a network with outside and the case where his wife has a network with
outside, in terms of social safety net, income generation, etc.

3. Analyses of households’ behavior against rainfall variability

Given the various kinds of capital endowments discussed in parts 1 and 2 above, the
question in part 3 is how households in the semi-arid tropics behave under the risky
environment. Household behavior can be classified into three categories: risk management
before the rain, adjustment during the rain season, and risk coping after the harvest. It is
schematically summarized in Figure 2. At the beginning of the rain season, the household,

19 With this regard, another way of classification of social capital may be useful. According to Narayan
(1999) there are two types of social capital: bonding social capital and bridging social capital. The former
works within groups to facilitate cooperation and/or collective action among members, while the latter
improves the access to outside such as market, NGOs, and government. The bridging type of social
capital is considered to facilitate the construction of social safety net with outside the community.



knowing the level of capital endowments as well as their risk (including the expected level of
rainfall), makes decisions as to agricultural inputs, off-farm labor supply, livestock and other
asset transaction, borrowing/lending, gift-giving/receiving, expenditure, consumption, and so
on. With respect to agricultural inputs, crop and plot diversification is known to be one of
the important strategies to mitigate rainfall risk.  They include crop choice (e.g.,
drought-tolerant crops or drought-susceptible crops), varietal choice (e.g., early maturing or
late maturing), and technology choice (e.g., with tillage or without tillage).

Agricultural Activities Planting Harvesting

Rainy Season

Decisions ) ) Adjustment
Crop/plot diversification Non agricultural activities
Livestock sales

Gift exchanges
Consumption/Expenditure

Area for cropping

Non agricultural activities
Livestock sales

Gift exchanges
Consumption/Expenditure

Capital
Endowments

Figure 2. Household’s Decision Sequence in the Semi-Arid Tropics

Then during the rain season, the household adjust its behavior with knowing the level of
rainfall already given and modifying the expectation of the amount of rainfall still coming.
Finally, after crop harvesting, the household decides how to cope with the results of the
cropping season. If the realized income is less than the expected level, the household will do
seasonal migration and off-farm labor supply as well as sales of some of capital endowments
more than usual. Moreover, if such coping is not enough or expensive, the household will
try to obtain income from natural capital (consuming and selling natural products such as wild
fruits, fuelwoods, wild animals, and so on) as well as social capital (receiving personal gifts
and/or loans and external aids from NGOs and government).*!

The analyses in the proposed study will require detailed data about household behavior
throughout the year. Such data will be collected by repeated household interview, at least
once a week, considering that people easily forget about the details of their own behavior.

1 As Solow (1999) points out, with this regard, social capital differs from natural or physical capital as the
former does not depreciate or even appreciate when the owner utilizes it. Moreover, one cannot transfer
social capital from one person to another, or one cannot liquidate social capital unlike natural or physical
capital (Arrow 1999).



The household data will be matched with the daily, plot-level precipitation explained in part 1
and be used to investigate how households adjust their subsistence strategies to the varying
environment during the rain season. Since such a study is very rare due to the limitation of
available data, this proposed study is going to pioneer it.*?

4. Evaluation of households’ resilience

Finally, the performance of households’ risk management and coping behavior will be
evaluated from the viewpoint of resilience. Ignoring ecological aspect for a moment, the
most standard criteria of households’ resilience in economics is income smoothing and
consumption smoothing as (see the review by Udry and Bardhan 1999): that is, a household
with resilience can reduce risk ex ante by diversify income sources and can mitigate income
shock by ex post coping, and consequently its income and consumption are little affected by
the shock. Income and consumption smoothing should be evaluated not only within a year
(i.e. seasonal variation) but also over years (i.e. yearly variation due to the rainfall), and
therefore data collection from the same households need to be done several times within a
year (ideally weekly) and over years during the project period.

However, there are several issues to consider. First whose consumption should be
smoothed? Other than the capital endowments discussed in part 2, the discussion so far
assumes implicitly that a household is the basic unit of decision making. But it is frequently
observed in developing countries that individually earned income is not pooled in a household,
and the allocation of consumption goods such as food within a household is biased (e.g.,
Quisumbing and Maluccio 2000).

Second is how to physically measure the income and consumption. Theoretically, it is
not the monetary value, but utility derived from consumption and leisure that should be
smoothed over time (taking the discount rate into account, of course). But because we
cannot observe utility, instead of utility itself, income and consumption in monetary terms are
used in empirical studies. However, in rural areas in the semi-arid tropics, monetary values
may not be a good indicator of utility, for several reasons. First, just technical, the monetary
values of wild food that people consume in case of crop failure may not be properly evaluated.
Related with the first point, if the non-market prices of such products are very high as they are
scarce, we may have to conclude that households’ consumption in monetary terms is smooth
even under the drought shock. It may not be correct.”® Hence, in addition to the monetary

12 The flexibility of households’ farming practices during the rain season is one of the most important
research topics of the JIRCAS’s research project in Mali (see Caldwell et al. 2005). But Sakurai (2005a),
using the same data set as Caldwell, analyses only ex ante risk management and ex post risk coping.
Fafchamps (1993) also focuses on this issue, and examines the adjustment of labor supply in Burkina Faso.
3 Not only the evaluation problem, but also there are questions as to the discount rate and the form of
utility function. Namely, are the subjective discount rate and the form of utility function constant over the
periods? If they change during the crisis period, how can we incorporate it in the analysis of consumption
smoothing?



terms, we will need to see total calorie intake and its smoothness over time. For this purpose,
physical measurement of in-kind income and food consumption (weight, volume, and calorie)
is required for the evaluation of resilience.

Related with the above, required calorie may vary depending not only on age, gender,
and body weight, but also on the level of activities. Naturally, those who work physically
hard demand more food. It means that although basic calorie requirement can be considered
fixed in the short-run (assuming that body weight does not change so much), real requirement
depends on how much he/she consumes the calories, and hence endogenous. Putting it in
other way, those who suffer from starvation will not work hard so that less calorie should be
required to survive. In other words, the reduction of food consumption as well as activity
level is a household strategy to cope with negative income shock. The question is if we
regard it as a successful case of smoothed consumption as the required level itself is reduced,
or as a case of failed consumption smoothing as the consumption level becomes low. Either
way, if we have to take this issue seriously (I think that we should do it), we need to measure
people’s activity level and estimate their calorie consumption, and conduct anthropometrics:
namely the measurement of body weight and height. Furthermore, if possible, we need to
have a medical doctor check health condition of all the people in the sample households.

Conclusions

To achieve the proposed study, a huge amount of data will be required. Therefore,
excellent collaboration in the multidisciplinary research team as well as sufficient amount of
funding are indispensable.
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How Can We Perceive Social Vulnerability:
Rethink from a Case Study on the Impact of Infectious Disease on Agricultural
Production in Zambia

Shuhei SHIMADA
Graduate School of Asian and African
Area Studies, Kyoto University

I. Introduction

The importance of vulnerability as a notion to comprehend the cause of famine and
poverty has been widely acknowledged. In spite of difficulty to define the meaning of it, the
vulnerability has become one of indispensable notions that is necessary to discuss about
eradication of poverty, self-help development, formation of social capital, self-governing
institutions, sustainable development and etc. The emerging concept of ‘social resilience’ has
also strong connection with vulnerability, because most of social resilience has to do with
reduction of vulnerability of society. The concept of social resilience means the process of
recovery from any destructive conditions that were brought in society. Social resilience has
relation to both natural disaster and socio-political upheaval. The paradigm shift type of social
change is in the scope of resilience study. But social resilience relate to paradigm shift should
be discussed completely different from that without paradigm shift. In this paper I will be
handled only the case of non-paradigm-shift type of social resilience’.

As Blaikie et al. (1994) noted to define vulnerability is not easy. They showed an
example about the impact of new road on the vulnerability of previously isolated rural
communities. Saying that the new road may help to reduce the vulnerability of the community
in times of drought but at the same time it may serve to increase vulnerability through
evacuation of able-bodied youth out of the community that caused decrease in production
(Blaikie et al. 1994; 16).

I want to discuss in this paper first about complexity of vulnerability, and then to
propose some significant points to be noticed when we discuss about vulnerability. Some
definitions have been proposed; Chambers (1989) defines vulnerability as the exposure to
contingencies and stress, and difficulty coping with them. And he suggests that there are three
co-ordinates of vulnerability; the risk of exposure to crisis, stress and shocks, the risk of
inadequate capacities to cope with stress crises and shocks, and the risk of severe consequences
of and from crisis, risk and shocks. Blaikie et al. (1994) have defined from the natural
phenomena point of view that vulnerability is the characteristics of a person or group in terms

! The restoration of ‘normality’ does not always mean reduction of vulnerability. It may sometimes
strengthen a structure that may reinforce deep-rooted causes of chronic increase of social vulnerability
(Blaikie et al. 1994; 196).



of their capacity to anticipate, cope with, resist, and recover from the impact of natural hazard.

There still remain some points to be discussed and examined for definition, however it
is not aimed at refining the definition in this paper but tried to note some significant points
relevant to the further discussion on vulnerability. 1 will take an example based on my field
study done in Zambia about the impact of excessive death of people on the vulnerability of
individuals and of families.

I1. HIV/AIDS study and social vulnerability

There are no doubt that prevalence of HIV/AIDS has strong impact on people’s daily
life and that has increased vulnerability of some of individuals and families. The importance
thing is to anatomize the process of increasing vulnerability and to discern the variety of nature
of vulnerability. Most of HIV/AIDS studies do not directly refer to social vulnerability,
however most of them have something to do with it more or less.

Many studies have done to assess the direct and serious effects of HIV/AIDS from
medical, nutritional, and economic points of view. Among them study on effect indirect and
slow are relatively scarce, as these effects are very complex and difficult to discern. Barnett and
Whiteside (2002, 161) suggested that the impact of an infectious disease should be seen as a
continuum between an acute shock and slow, profound changes. We should therefore pay more
attention to the indirect and slow effects of diseases in addition to the direct impact that is made.
For this purpose it is necessary to conduct a long-term field study.

The effects of diseases that emerge slowly and indirectly occur at different community

levels, e.g., at the level of an individual household, a whole community, or an entire nation.
Because such effects affect different societies in different ways, we can only understand them
in the context of certain social settings. Illness and death affect not only the health of
individuals but also the well being of each household. In rural societies where agricultural
production is the principal economic activity, the impact of disease on agricultural production
can constitute a critical problem. In this paper it is aimed to evaluate the effects of novel
infectious disease on agricultural production.
Special attention is paid to the dispersion of vulnerability through a mutual help system. In the
context of agricultural production, the mutual help system normally functions to assist
individual farmers by mitigating the effects of labor or equipment shortages may be
jeopardized by unprecedented high rates of people’s death. And the high rate of death is relates
to prevalence of infectious disease.

This study was conducted in Zambia in a rural village located about 90 km north of the
capital city of Lusaka (Figure 1).
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Fig. 1: Location of study area

I11. Prevalence of infectious disease

I have investigated changes in the agricultural production system in the study village
(referred to hereafter as village “C”) since 1993 (Shimada 1995, 2000). Agricultural production
in this village has changed remarkably and has been subject to the influence of rapid
socio-economic changes in Zambia. However, only recently did realize the serious impact
infectious disease has had on the village. Several households have shown an extraordinarily
high death rate among adults, although this high death rate has not yet become prevalent across
the whole village. However, when these few cases are examined more closely, it is apparent
that a high death rate within households could become a serious concern to farming.

The intent of this study was not to identify the prevalence of HIV/AIDS in the village,
although I consulted one medical doctor on the possible presence of HIV/AIDS in the village.
She visited the village twice in February 2002 to conduct interviews. Although she was
reluctant to positively identify the disease without a formal HIV test, she conceded that there
was high probability of HIV/AIDS prevalence in some of the interviewed households?. The
household described in this paper, as a case study with unprecedented high death rates was one
of those families. In this study, | assess the impact of high rates of illness and death on
agricultural production.

2 The World Organization (WHO) has estimated that about 28.1 million people in Sub-Saharan Africa
are infected with HIV/AIDS. WHO has also estimated that in 16 African countries, at least 10% of
people aged 15-49 are infected; in Southern Africa, at least 20% of the population in this age group are
infected (WHO 2001, 16); AIDS has thus become the biggest threat to people in southern Africa.



IV. Agricultural production: Two types of farming practices

Village C was established in the late 1960s and its population increased rapidly for a
number of reasons. The first head of the village, who died in 1981, welcomed new people into
the community, regardless of their ethnic origin. Wetland (dambo) cultivation also attracted
new settlers to the village, and the introduction of the Structural Adjustment Program in 1983
accelerated this movement.

Figure 2 illustrates the increase in the number of households that cultivated dambo
farms. This figure reflects the increase in the total number of households in the village, as
almost all the
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Fig. 2: Population increase in the village C

people who had migrated to the village before 1991 were able to access dambo land. In total,
village C consisted of about 120 households in 1998°; at this time, most farmers cultivated
dambo land.

This study was based on an intensive investigation of fourteen households that were
located near dambo K, one of most fertile dambos in the village (Figure 3). Of the four
dambos in the village that were developed for cultivation in 1991, dambo K was the first. Some
households migrated from Zimbabwe to the vicinity of the dambo. One of these households
was the first one to initiate dambo cultivation in the village, and as Figure 2 shows, dambo
cultivation gained popularity in the 1980s.

Two types of farming take place in the village: upland maize production during the
rainy season (December to April) and vegetable cultivation in the dambo during the dry season
(Figure 4). For most farmers, upland maize production is the most important agricultural
practice, as maize is a staple food. The cultivation of crops such as tomatoes, watermelons, and

3'1n 1993, there were about 110 households. Between 1992 and 1998, on average about five households
left and seven households immigrated every year. (Kodamaya 2000, 129)



rape on dambo farms is a very important way in which cash income is generated. For some
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Fig. 4: Schematic land use in the dambo and upland

farmers, the estimated amount of production from dambo farming has far exceeded that of
upland cultivation (Table 1). These farmers have become more and more dependent upon
dambo farming as a way of increasing their cash income and as a means of strengthening their
economic base by diversifying their products.

The cultivation practices of these two agricultural systems are quite different.



Table 1: Estimated gross output of upland and dambo farms

(Upper row: January to August, 1993)

(Lower row: January to August 1994) 1000Kwatcha
Farme Upland farm Dambo farm (a) Total (b)
r maize tomato water- | maize tomato  water- [(2)/(b)]
melon melon
1 66 32 180 278[65]
82 96 280 458[61]
2 45 53 48 30 90 266[45]
68 14 36 45 288 451[74]
3 90 20 - 22 - 132[17]
30 20 5 64 34 153[64]
4 80 4 7 1 92[ 9]
30 - 151 - 181[83]
5 82 20 60 162[37]
97 - - 97[ 0]
6 50 32 6 14 102[14]
60 128 - - 188[ 0]
7 n. a. n.a. n.a. n.a n.a. n.a. n.a.
12 18 22 32 19 103[50]

Maize production is calculated by the estimated number of bags (90kg) produced.
Other vegetable production is estimated by calculation as follows:
Tomato: [number of box] x [price per box]
Rape: [number of bundle] x [price per bundle]
Water Melon: [number of bag (90kg)] x [price per bundle]
The price of vegetable was so changeable that average price of each week was adopted in case
farmers did not remember the real price. The weekly average price was calculated by reliable

prices interviewed.

Individual households, each of which consists of a husband, wife/wives, and children, cultivate
Dambo farms. Widows or divorced women with children sometimes cultivate dambo farms on
their own. Mutual help in dambo cultivation from members outside the household is not
common.

In contrast, upland cultivation of maize is carried out by a big farming unit, i.e., a
cluster of households that consists, mainly, of an extended family. Many farmers cultivate
tomatoes in upland farms, but maize is the mainstay crop in the fields. Tomato cultivation in



upland farms usually begins after the end of maize cultivation.

Maize production is still the most important activity for most villagers; however, the
abolition of maize procurement in 1993 weakened the confidence of farmers in maize, and
vegetable production on dambo farms has become increasingly important (Shimada 1995).

V. Group farming on upland fields

Both upland and dambo cultivation are affected by illness and death. However,
because of differences in cultivation practices, the extent to which each type is affected by
illness and death differs. Here, I outline group-farming practices in upland agriculture.

Groups that participate in upland cultivation vary in size. While individual households
sometimes cultivate upland farms, the most common unit for upland cultivation is a cluster of
households that typically make up an extended family. This is especially true for the Shona
people, who migrated from Zimbabwe and settled near dambo K (Shimada 2002): an extended
family forms a cluster of households that cultivate upland fields as a group.

All members of the group share the work involved in cultivating the upland farm. All

plots that belong to adult male members of the group are cultivated in the order of seniority
(age). Figure 5 shows a schematic rotation order. If the wife/wives of a deceased head of the
family are alive, their plots will be cultivated first*.
The nature of this group farming system is ambivalent. Although it provides labor, machinery,
and seeds to those who lack these commodities, it also distributes risks unequally among the
group members. Fields cultivated early in the rainy season have a higher probability of a good
harvest than do those that are seeded later. Therefore, senior members have a better chance of a
good harvest than junior members. Of course, this probability varies year by year because of
irregular rainfall patterns, but villagers know by experience that planting early is better than
planting late. Thus, the bigger the group, the higher is the risk of a failed production for junior
members. Active junior members often become frustrated by delayed planting, which is one
reason why big groups are susceptible to being dissolved into smaller groups. However, as long
as members feel that the advantages outweigh the drawbacks, they will continue to farm in
groups.

4 Ja and He in Figure 8 are two widows left behind by the former head of the household. They are the
mothers of the current head of the household, Jo.
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Group dissolution usually follows the death of the head of a household or other senior
member, although it may occur every time junior members demand it. The development of
dambo cultivation, which is carried out by individual households, also influences the demand
for dissolution.

VI. The importance of group cultivation and mutual help

Upland farming requires at least one plow and two mature cattle, as well as an adequate
supply of maize seeds and, if possible, fertilizer. However, some farmers do not own these
essentials. Figure 6 shows the number of cattle owned by each household in 1996, 1997, and
2000.



Fig. 6: Distribution of households by the number of cattle
holdings
7
6
5
Number of 4
household 3}1 @
211
1K
0
0 2 4 6 8 10—19 30—
Number of cattle held by household

Fig. 6: Distribution of households by the number of cattle holdings
This shows the sum up of the results of study for fifteen
households in 1996 and fourteen households in 1997 and 2000.

In these three years, the study was conducted in August.

About 19% of households have fewer than two cattle and are therefore unable to
cultivate their fields alone. At the time of the first rain, cattle for plowing are critical in upland
cultivation, as the first planting must be initiated properly over a short period following the first
rain.

In this respect, group cultivation functions as an important mutual help system. This
system is particularly beneficial to widows, divorced women, and young couples who lack
agricultural equipment and/or cattle. It also helps absent group members who have cattle and
farmland in the village but who cannot return to the village in time for cultivation. In this
system, plots of all members will be cultivated regardless of whether they are present at the
time of cultivation. People who are ill also benefit from this system.

If a group owns more cattle and equipment than it requires, it will lend these
commodities to other groups in need. Cattle and/or equipment are typically loaned in exchange
for money or maize, and sometimes even for free (Table 2). Loans are based on good
relationships among kin or friends. Table 3 shows such interchanges observed during the
2000/01 rainy season in xx families.



Table 2: Work without charge

Service given Relations
Lend oxen and plow 8 days to cousin
Lend oxen and a cart 9 days to relative
Lend a ox 3 days to friend
Lend a cart 4 days to brother
Lend a farmland for nursery to friend
Childcare n. a. to friend
Lend a pumping machine n. a. to friend
Plowing n. a. to relative
Mutual work 3 days to friend

(Interviewed for the year of 2000/2001)

Table 3: Contract work with payment
(Interviewed for the year of 2000/2001)

Contract work goods received Contract work money received
Plowing (1 day) maize(2 bags) Plowing (1 day) 25,000K
Plowing (3 days) maize(2 bags) Plowing (2 days) 30,000K
Plowing (2 days) maize(1 bag) Plowing (45 yards) 45,000K
Plowing (3 days) maize(1 bag) Plowing (30 yards) 30,000K
Plowing (2 days) maize(10 cans) Plowing (50 yards) 50,000K
Plowing (2 days) maize(10 cans) Plowing (42 yards) 42,000K
Plowing (4 days) maize(2 bag s) Plowing (2 days) n. a.
Plowing (3 days) maize(1 bag) Plowing (1 day) n.a.
Plowing (2 days) maize(1 bag) Plowing (5 days) n. a.
Plowing (2 days) maize(1 bag) Plowing (2 days) n. a.
Plowing(2 days) maize(1 bag) Plowing (1 day) n. a.
Plowing (piece work) maize(2 bags) Repairing 70,000K
Block layer maize(2 bags) Repairing 45,000K
Get an advance100,000K maize(4 bags) Repairing n. a.
Plowing (1 day) fertilizer(1 bag) Lend a cart(half day) 1000K x 30
Weeding(1day) fertilizer(1 bag) Lend a cart(half day) 1000K x 30
Weeding(2 days) fertilizer(1 bag) Lend a cart(half day) 500K x 50
Lent two oxen (half day) n. a.
Lend two oxen(half day) n. a.

Payments listed in the table will be procured some time later. In most cases, payments are made
after the maize has been harvested, although it is quite common for debtors to leave their debts
for months or even over a year.

Table 4 illustrates the case of a debt that remained unpaid for more than one year. This
debt was incurred when several villagers received meat from a farmer in 1997. The farmer did
not coerce his debtors to pay back their debt, because he knew he could reclaim it any time he
desperately needed it. At the basis of this transaction lay a good human relationship between
lender and debtor. A lender can reserve the right of claim for more serious cases and will claim
seed maize or money when he truly needs them. While such transactions or free exchanges do



not guarantee an equivalent return to the creditor, they do contribute to increasing access to
resources.

Table 4: Debt unpaid more than one year;

Name of Debtor Pledged money or maize to pay

Mrs. Mu. 6500K

Mrs. C. 6000K

Mrs. Mn. 5000K

Mrs. Shi. 5000K

Mrs. Z. 1500K

Mr. Ti, Z. 2500K

Mr. Chi. 2 bags of Maize
Mr. Shi. 4 bags of Maize
Mr. Mu 3 bags of Maize
Mr. Wa. 9 bags of Maize
Mr. Sha. 2 bags of Maize
Mr. Nk. 1 bag of Maize
Mr. Mus. 3000K

(Mr. Ps slaughtered an ox in August 1997. These are debt unpaid for the
meat in August 1998)

K: Kwacha (1 US$ was equivalent to 1400K)

A bag of Maize was about 30,000K

VII. High death rates and their impact on group farming

The death of an active adult results in the loss of industrious and productive human
capital. Hospital charges, funeral payments, and extra-funerary expenditures impose a financial
burden on the surviving group members. In addition, deaths influence agricultural production
by affecting the group farming system. As discussed earlier, group farming and the mutual help
system play an indispensable role in upland farming, but this role has begun to change for
several reasons. One of the most recent and most serious reasons is an unexpectedly high death
rate.

Figure 7 shows an example of successive deaths in an extended family. Five households
in village C belonged to extended family S. These five households formed a farming group, of
which J.S. was the most senior male member and therefore head of the group. This is one of the
most serious cases observed in the village. Seven adults and four children have died since 1998.
The death of an adult has a very serious impact on agricultural production over the short and
long term, and as far as the impact on agricultural production is concerned, the death of an adult



is more serious than the death of a child. Some examples from the extended family of J. S.

follow.
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Fig. 7: Recent bereavement of family S

Case I: Death of the second wife of J.S. (November 1998)

J.S.’s second wife died after a short illness. On the occasion of her funeral, her brothers
claimed some cattle and property, declaring that four cattle were overdue for the bride price.
After long negotiations, they settled on cattle payments and allotment of property, and J.S.
agreed to pay two cows and a calf. These negotiations continued for several weeks during
the busiest time of the maize cultivating season. During his absence from the village, J.S.
left his junior brother in full charge of group farming activities.

Case Il Death of the junior brother, Si .S.(May 1999)

Si,S. the junior brother of Jo, lived with their senior sister in village M, about 50 km from
village C. Si.S. had been sent to help her farm after the death of her husband. Her husband
had been a policeman who had helped family S on several occasions, e.g., he had settled
disputes with another family and obtained detention releases.



Si.S. died after 18 days in a hospital, so Jo and his two young brothers went to village M to
help harvest maize for their sister. They stayed there for over three weeks and harvested
>200 90-kg bags of maize. The medical costs were two million Kwatcha (equivalent to U.S.
$800 at the time). J.S. asked his sister to sell 85 bags of maize to make the payment, and he
sold two of Si.S.’s cows to make up the difference.

He also slaughtered one cow for the funeral; thus, only one cow and one ox remained for the
bereaved family. Si.S.’s wife returned to her father’s house with her youngest baby. She
took two sheep and all of her own property with her. J.S. took in the other four children; he
and his junior brothers are now foster fathers.

During their long absence from village C, harvesting was left to the second senior brother
and to J.S.’s children. However, the harvest was poor because of theft, which resulted from
a lack of labor during the critical time.

Case I1l: The death of senior sister, E.S. (March 2000)

E.S.’s husband was an influential politician and very generous patron of extended family S.
He contributed to shifting the village boundary to the east, towards the Forest Reserve.
This re-arrangement of the boundary lines secured land for the families around dambo K,
which before 1981 marked the boundary between village C and the Forest Reserve.

E.S. had loaned J.S. a pickup truck and a flourmill to help extended family S, but her sons
reclaimed them immediately after her death. They insisted that the truck and mill were
generously on loan to family S but that the ownership had not been transferred to them. The
dispute continued for over two months and prevented J.S. from harvesting his maize himself.
J.S. asked his young brothers to help his children harvest the maize, but this repeated
request angered the brothers. In this year, the large farming group of extended family S was
divided into smaller groups based on each household. Since then, J.S. has cultivated his
farmland with members of his own household.

Figure 8 shows the actual order of cultivation observed in extended family S, which made up
the largest farming group in the village until the 1998/99 season. At that time, over four weeks
were required to finish one cycle of cultivation. The group decreased in size during the
1999/2000 season and finally split into three groups in 2000/01. The case studies described
above discuss the reasons for this dissolution. Junior members of the group were frustrated
with having to wait for their turn to cultivate their own fields. To add to this, their personal
losses imposed a heavy burden, both economically and socially. The big group was therefore
perceived not as a help, but as a hindrance, and was subsequently dissolved.



(1) until 1997/98 rainy season: It took four weeks and two days for one cycle.
JadaHeHedoJo DaDaCrCrSiSi MuMuHaHaHoHo PaPaObObBrBr PaPa

(2) until 1999/2000 rainy season: It took two weeks and two days for one cycle.
JadaHeHedodJo DaDaCrCrSiSi MuMudadaHeHe JoJoDaDaCrCr SiSiMuMu

(3) The group was divided into three groups in 2000/01 rainy season:
() Jodododadada Jodododadada Jodododododo eJodoJodsBrPa
(ii) DaDaDaDaDaDa (after second week, Da asked a friend farming by contract)
@(iii) CrCrCrMuMuHa CrCrCrMuMuHa CrCrMudoCrCr CrCrCrCrCrCr

15* cycle 2™ cycle 3% cycle L4 cycle

Fig. 8: Actual order of cultivation in the family S

The long and frequent absences of J.S. from the village also affected group farming.
The head of an extended family who organized and made all group cultivation decisions
became more occupied with non-agricultural issues, such as visiting the hospital, preparing and
arranging funerals, and paying and collecting debts. During his absence, the second or the third
senior male made decisions in lieu of the head of the family, but so many deaths, and such long
absences on the part of the household head affected farming practices. His control over upland
farming became weak and junior members who acted on his behalf became displeased with
their position as only ‘acting’ heads of the household.

VIII. Conclusions and remarks

Successive deaths of family members have influenced upon agricultural production
seriously. In addition to the direct and immediate impact of deaths, there are indirect and
prolonged effects, such as to foster children, to pay off debts, to settle succession, and to
re-organize group for farming.

The mutual help system that was devised to compensate for a lack of cattle, equipment,
and labor was rendered dysfunctional by these prolonged effects. The mutual help system like
large farming group has become unable to absorb the burdens created by the frequent deaths.
Instead, the system functioned as a catalyst that transmitted vulnerability among members of
the group.

This study implicates that the well functioned institutions in normal condition may
increase vulnerability in case of abnormal situation instead of preventing it. This means that



factors operate to enhance vulnerability one time may act to reduce vulnerability in other time.
The orbital process of increased vulnerability is complicated.

This is why we should be very careful to analyze the vulnerability and resilience of
society. The hasten generalization of increased process of vulnerability should be avoided.
Instead vulnerability and resilience of a society should be studied deliberately by
understanding the particular geographical and historical settings.
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Consideration of Temporal / Spatial Resolutions in Environmental Analysis

Mitsunori YOSHIMURA
Research Institute for Humanity and Nature

1. Introduction

Remote Sensing and Geographic Information System(GIS) are powerful tools for gathering ,
retrieving various kinds of spatial distributed informations and analyze an environmental
conditions. Remote Sensing and GIS are tools not only for scientific research on how the
world works, but also for technological applications in meeting human needs. The need
between research and application is especially important to the emergent programs for
monitoring the environmental and social consequence of global change.

The type of spatial information system required for regional to continental scale
environmental analysis is huge volume (e.g., 103-106 megabyte) and may include
fundamentally different kinds of data, for example, (a) multi-temporal and multi-resolution
digital images acquired from one or more satellite and aircraft platforms; (b) digital maps of
land surface variables such as soil, hydrography, and vegetation cover; (c) socioeconomic data
(e.g., population density, zoning district) aggregated by political reporting units. Here, we
consider the temporal / spatial resolutions in an environmental analysis.

2. Scaling of Earth Surface Phenomena

The earth surface phenomena appear homogeneous at one spatial scale but heterogeneous at
another. The scaling properties of earth surface valuables should be known and should guide
the collection, processing, and interpretation of remote sensing and GIS data. Scale
dependence is especially significant in the context of GIS analysis. It seeks to reduce or to
exploit relationships among geographical valuables, because those relationships change as the
spatial scale changed. The scaling properties of many earth surface processes are not well
known, because these properties are frequently site or region specific and also time-dependent.
And it difficult to generalize from isolated studies. A key sequence of scale dependence is the
presence of spatial covariability in most spatial dataset.

3. Measurement and sampling geographic phenomena

Extrapolation of point measurements and model estimates to large areas remains a major
problem in geographic analysis, and continued research is needed to identify appropriate
sampling and scaling strategies for sparse ground measurements, especially in the context of
regional and global assessments. Interpolating point measurements to a surface creates
variation that may or may not approximate the scaling properties of the actual surface.

The measurement scale of remote sensing data is relatively well specified compared to many
geographic data, but may still be quite uncertain. Resolution depends instead on the complex



generalization process applied by the analyst. For this reason the effective scale of GIS
applied data is sometimes described in terms of the minimum mapping unit (MMU), but the
actual MMU may vary both within and between maps as a function of map classes, terrain
type, and analyst.

The pixel size is generally taken to define the spatial resolution of remote sensing data,
although the term image resolution has various meanings. However, the measurement scale is
not fixed. Resolution varies not only as a function of instantaneous field of view (IFOV) and
altitude, but also because of many other factors including the sensor point spread function,
surface-sensor geometry, atmospheric conditions, and data processing such as image
rectification or enhancement. The earth surface processes and phenomena exhibit
characteristic scale dependencies, remote sensing data of multiple resolutions, either from
multiple sensors or from degradation of high resolution imagery, can be used to study and
exploit those dependencies for mapping and modeling.

Fig. 1 Spatial and Temporal measurements scales for ground
phenomena and remote sensing data.(Frank W. Davis, 1991)
Data Density decrease from lower left to upper light

Figure 1 is the spatial and temporal measurement scale for ground phenomena and remote
sensing data. The data density depends jointly on spatial and temporal resolution, so that data
density decrease from the lower left to upper right corners of this diagram. Increases in
computing capacity have shifted the data volume threshold towards the lower left corner.
There are still very real practical limits to the spatial and temporal domain of remote sensing



for regional and global analysis, and do the volume of data that can be effective archived,
retrieved and analyzed. For global analysis, practical scales are still far more coarse than the
measurement scales of many kinds of biophysical data. A challenge in combining remote
sensing and GIS for Earth science studies is the proper nesting of observations at mulyiple
space and time scale in order to link short-term, fine scale measurements and process models
to long-term, broad scale measurement and modeling efforts.

4. Monitoring and Change Detection

Although satellite remote sensing has been used for monitoring earth surface processes
through time, there has been remarkably little progress in quantitative spatiotemporal analysis
of multi-temporal imagery for land surface analysis. There is a pressing need for such
research applied to sensors with low spatial resolution and short repeat intervals as part of
efforts to study global ecological changes.

There are many uncertainties in detecting change using multi-temporal satellite data. The
ability to detect changes in a surface identified over time with remote sensing depends on the
spatial, spectral, radiometric and temporal properties of sensor system. High frequency
variation in solar, atmospheric and surface conditions during scene acquisition contribute
noise to the analysis.

5. Thematic Information Extraction

The sensor systems and spatial resolutions useful for discriminating vegetation from a global
to an in site perspective are summarized in Fig.2. This suggests that the level of detail in the
desired classification system dictates the spatial resolution of remote sensing data. Spectral
resolution is also an important consideration. However it is not as critical a parameter as
spatial resolution since most of sensor systems record energy in approximately the same
visible and near-infrared portions of the electromagnetic spectrum

The Level 1 is the global scale. Its typical satellite remote sensing data is NOAA/AVHRR
with 1.1km resolution.

The Level Il is second spatial level. It is continental. Used satellite data spatial resolution is
from 80m to 1.1km. NOAA/AVHRR and Landsat MSS are typical sensors.

The Level 111 is Biome with 30m to 80m resolution. Landsat TM and MSS are the sensors.
The Level 1V corresponds to the region scale with 3m to 30m resolution. Landsat TM and
also IKONOS Multi-spectral as high resolution satellite data.

The Level V is Plot. This scale corresponds to high resolution satellite data at this moment. It
is IKONOS or Quick Bird.

The Level VI is the most detailed spatial scale. It is In Site sample Site. At this level, all of
phenomena can observed by direct surface measurements and observations



Fig. 2 Relationship between the Level of detail required
and the Spatial Resolution of Various Remote Sensing
Systems for \egetation Inventories.
(From NASA, 1983;Botkin et al.,1984)



Climate Changes and their Effects on Natural Disaster in Zambia

Tazu Saeki

Research Institute for Humanity and Nature

1. Introduction

Some part of Zambia is located in Semi-Arid Tropics (SAT) where most of farmers live by
agriculture depending on meteoric water and the farmers’ livelihood tend to be affected by
droughts thouguh some part of Zambia effort to manage water demand for irrigated
agriculture, industry and hydropower (e.g. the Kafue flats [Herbertson and Tate, 2001]).
Sakaida [1993] analyzed relationship between rainfall changes and maize production in
Zambia using annual rainfall data of 23 stations and concluded that the effect of annual
rainfall change on maize production was evident in the Southern province.

In Zambia located in SAT, to investigate resilience of the farmers against changes in
ecological system and human activities, analysis and monitor of meteorological data are
essential. This report aims to describe preliminary research results in this fiscal year and

future possible research plan in terms of meteorology and related fields.

2. Preliminary field research in Zambia
During the field trip to Zambia in August 2005, we visited Meteorological Department,

Ministry of Communications and

Transport (Fig. 1) at Lusaka and
interviewed an acting chief
meteorologist, Forecasting and
Research Division. As for
meteorological data they operate
36 meteorological monitoring
sites for meteorological elements
such as temperature,
precipitation, evaporation, air

pressure, sunshine, and cloud

cover. Some sites have been

Fig. 1 Meteorological Department, Zambia.

operated since 1950. We also

visited two meteorological sites

at Choma and Lusaka City Airport (Fig. 2 and 3).



Otherwise official meteorological sites operated by Meteorological Department there are
some voluntary stations at where mainly only rainfall data was recorded by villegers. These

rainfall data are reported to Meteorological Department but are not merged with official data.

Fig. 2 Meteorological site at Lusaka City Airport.

Fig. 3. Meteorological site at Choma.




These voluntary-collected data are recorded only on papers as seen in Fig. 4.

Ministry of
Communications and
Transport reported that the
first half (Oct-Nov-Dec) of
the 2004/2005 growing
season, rainfall performance
was normal or above over
most of areas in Zambia
except for the western part
but during the second half
(Jan-Feb-Mar) of this rainy

season they have not much

Fig. 4 Voluntary rainfall record at Sinamalima

rain as expected in the

southern half of Zambia
[The Director of Meteorology, 2005]. Farmers in the southern region also said that the
2004/2005 drought was heavy which was comparable to a big drought in 1991/1992.

As the first stage of our project we obtained annual rainfall data from 1993 to 2004 at 9

official meteorological sites as listed in Table 1 and Fig. 5. Figure 6 shows obtained annual

Table 1 List of meteorological monitoring sites at which we obtained rainfall

data.
Site Code Latitude [d m] Longitude [d m] | Elevation [m] Site Name
CHIPATO1 13 33 3235 1032 CHIPATA MET
CHOMAO001 | 1651 27 04 1267 CHOMA MET
KAFUEO001 15 46 27 55 987 KAFUE
POLDER
LIVINGO1 17 49 2549 986 LIVINGSTONE
MET
LUSAKAO1 |1525 28 19 1252 LUSAKA CITY
AIRPORT
LUSAKAO02 |[1519 28 27 1154 LUSAKA INT.
AIRPORT
MAGOYEO1 | 1608 27 38 1018 MAGOYE
AGROMET
MTMAKUO1 | 1533 28 15 1213 MT. MAKULU
AGROMET




rainfall from 1993 to 2004. As seen in Fig. 6 precipitation is highly variable at each sites.
Precipitations in 1994-1995 and 1998 are relatively low than the other year, but severe
damage to agriculture was not reported. We are planning to get and analyze monthly or

more precise meteorological data at each sites.
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Fig. 5. Locations of the sites. (A Map is referred from http://www.mapquest.com .)

3. Future research plan

To estimate effects of variable climatic factors especially rainfall and impacts human
activities on farming, measurement of plot-level (inside a village) rainfalls may be important.
We will install small rain gauges as well as devices to measure basic meteorological
parameters in some villages. Voluntary-recorded rainfall data and interviews with persons
who record data might be helpful for village level analysis.

For a district level analysis, official data stored by Meteorological Department will be
collected. Since a climate in Zambia is influenced by the Inter-Tropical Convergence Zone
(ITCZ), the southeast wind over the Indian Ocean an analysis of global meteorological data
set is helpful. In terms of district and continental scales RIHN has meteorological data set
by ECMWEF (European Centre for Medium-Range Weather Forcast). This data set contains
operational and re-analysis data for major meteorological parameters for whole globe in
resolution of 2.5° x 2.5°, latitude and longitude respectively. More precise resolution data of

0.5° x 0.5 will be available from ECMWEF in the next stage of this project. Analysis of
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Fig. 6 Annual rainfall data from 1993 to 2004 at 9 official meteorological sites in

7amhia

these data sets in a viewpoint of climate change in Zambia will be useful to resolve a
relationship global climate change and its effect on Zambia. Model simulation by running a
regional meteorological model might be inside the scope of our research to investigate

meteorological condition in Zambia.

4. Conclusion

Through official and unofficial (interviews with farmers) information in Zambia, life of
farmers in Southern and Eastern Provinces is affected by drought in 2004/2005 year which
was comparable to 1991/1992 drought. By analysis of meteorological data in these two big
drought years and a normal year including and monitoring the present whether we will be able
to get some global and/or regional patterns of climate change of drought year and to integrate
the results with the other results of this research project may results in finding what are the

conditions of the droughts and farmers’ resilience against variable environment.
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Abstract of Resilience Seminar in FY2005

The 7" Resilience Seminar

Date and Time: 28 April 2005, 15:30-17:00
Place: RIHN Meeting Room

Title: Experiences of the participatory community-support activities toward co-existence
between ecosystems conservation and human welfare — a case of mountain village in
Tanzania-

Speaker: Ueru TANAKA, Laboratory of Terrestrial Ecosystems Management, Graduate
School of Global Environmental Studies, Kyoto University

[Abstract] Ecosystems and land resources of the mountains and highlands, one of the typical
landscapes in Esat Africa, have been rapidly degraded under ever increasing land use pressure.
As a serious reality, the daily activities by rural communities for foods and household income
are major cause of degradation. It is, therefore, urgently necessary to develop some activity
options that enable to meet the needs and to solve the problems at the same time, as well as to
empower the rural communities. The presentation introduces some experiences and findings
in the rural development project in the Uluguru Mountains, eastern Tanzania, particularly
focusing on the potentialities of people’s participation, ways to utilize knowledge and
techniques of local husbandry systems, and roles of outsider’s commitment. Some examples
of the activity options include “reforestation without planting trees through bee-keeping”,
“reappraisal of indigenous shifting cultivation as an inherent food security system” and
“indirect reduction of labor-burden fro! m slush-and-burn cultivation and creation of income
sources through incorporation of vanilla as a component of indigenous home-garden
agroforestry system”.

The 8" Resilience Seminar

Date and Time: 10 June 2005, 11:00-12:15
Place: RIHN Meeting Room

Title: Recent progress in lake ecosystem resilience -an overview
Speaker: Shigeo Yachi, RIHN

[Abstract] A review of recent progress in lake ecosystem resilience researches was presented.
After summarizing changes in ecosystem view in ecology, the meaning of "resilience” in



ecology was classified. Then, an integrative regime shift research in lake ecosystems using
experiment, comparison and simulation by Carpenter et al. was focused on in the talk.
(Kathryn L. Cottingham and Stephen R. Carpenter "Predictive Indices of Ecosystem
Resilience in Models of North Temperate Lakes" Ecology, 75(7), 1994, pp.2127-2138.)

The 9" Resilience Seminar

Date and Time: 21 July 2005, 15:00-17:15
Place: RIHN Meeting Room

15:00-16:00

Title : The change of land use in the social dynamics of eastern Zambia-The creation of new
fields by Chewa farmer -

Speaker : Ryuta Yoshikawa, Graduate School of Asian and African Area Studies, Kyoto
University

[Abstract] Chewa farmer living in eastern Zambia have experienced big changes of
agricultural policy since 1980s. The purpose of this presentation is to clarify how the people
have coped with social economic changes. | focus on the changes of crops and land use, in
particular. Moreover, | examine the relevancy of correspondence to the situation and the
change of habitation.

16:00-17:00

Title: Rural Response to the fluctuations of international coffee price: Market liberalization
and 'Coffee Crisis' of Ethiopia in the 1990s.

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

[Abstract] In the early 1990s, Ethiopian government introduced the market economy to
agricultural products including coffee, which was formerly under the public price control.
After the liberalization of market, coffee-growing areas suffered from widely fluctuated
coffee price. This presentation examined the drastic transition of rural area in the 1990s,
especially focusing on the resilience of land use practice and subsistence strategy of local
farmers.

17:00-17:15 General Discussion



The 10" Resilience Seminar

Date and Time: 21 October 2005, 15:00-17:30
Place: RIHN Meeting Room

Title: Reorientation of the concept of sustainable development: an ecological resilience
approach
Speaker: Satoshi Kojima, Institute for Global Environmental Strategies (IGES)

[Abstract] Since the publication of the Brundtland Report in 1987, the concept of sustainable
development (SD) has been acclaimed as a common orientation of the global community in
the policy arena at the global level as well as at other levels. Correspondingly vast amount of
debates/studies about this concept has been accumulated, but they could not have established
unanimous consensus on what it really means and what actions are required to achieve it. In
this presentation it is proposed to define the objective of SD as “to eradicate poverty of the
present generation without violating sustainability constraint”, in which sustainability
constraint is defined as to maintain resilience of ecosystems underpinning life-support
systems. As an attempt to apply the proposed SD concept to policy analysis, a case study of
Moroccan water issues is presented. The latest trends of ecological economics, as a discipline
of sustainable development, are also briefly introduced.

The 11" Resilience Seminar

Date and Time: 25 November 2005, 15:00-17:30
Place: RIHN Meeting Room

15:00-16:00

Title: Local meteorological observation from 2001 to 2004 in Mali, West Africa

Speaker: Hiromitsu Kanno, Laboratory of Agricultural Meteorology, National Agricultural
Research Center for Tohoku Region

[Abstract] The project group on “development of food crop production systems with reduced
risk through advanced weather modeling for West Africa (JIRCAS)” has observed local
meteorology in southern part of Mali from 2001 to 2004. The two villages--Niessoumana and
Deou--were selected to the observation sites. A meteorological observation robot and fifteen
rain gauges were arranged in each village. Main robot observes temperature, relative humidity,
wind direction, wind speed, air pressure and precipitation. Data are automatically stored in
CAMPBELL data logger, which works by battery and it’s charged by solar-panel power



generation. Data-acquisition time-interval is ten minutes. Rain gauges are composed by
sensors and small data loggers. The data loggers connected with rain-sensor memorize the
precipitation-event-time per 0.1 mm, then we can calculate precipitation amount in any
time-intervals.

As the results of local meteorological observation, we got the following results. 1. Local
precipitation data show the wave-like distribution pattern in each village. 2. There are two
peaks of precipitation amount--in the morning and evening. 3. There are some stages in a
rainy season. 4. Meteorological elements indicate characteristic seasonal variations.
Additionally, we found the seasonal movement of precipitation area from north to south in the
southern part of Mali by using the historical rain data, and seasonal variations of air-mass
structures by using upper meteorological data.

On the other hands, we had some troubles during our investigation, e.g. about the duties
on our meteorological equipments brought from Japan, the damages of rain gauge’s cable bit
by termites and cattle, and the data-logger stops of unknown origin. We think that the
information about troubles are also useful for other project researches in Africa. At last, we
would like to introduce about climate and agriculture in northern part of Japan and to compare
with those of West Africa.

16:00-17:00

Title: How Do Farmers Cope with Plot-Specific Rainfall Variation?: Empirical Evidence form
Mali, West Africa

Speaker: Takeshi Sakurai, Policy Research Institute, Ministry of Agriculture, Forestry and
Fisheries

[Abstract] In the JIRCAS’s research project “Development of Food Crop Production Systems
with Reduced Risk through Advanced Weather Modeling for West Africa,” we conducted
household survey and local weather monitoring in two villages located in southwestern Mail
from 2001 to 2003. Based on the plot-level rainfall measured by rain gauges installed in
fifteen different locations in each village, it is confirmed that farmers pay self-insurance
premium based on the expected plot specific rainfall variation of one’s own plot and that
farmers who have experienced a lower level of rainfall than expected compensate ex post the
income shortfall from other sources. Those findings imply that spatial rainfall variation even
in a small area like a village is very large and that farmers’ behavior to cope with the rainfall
variation is also diverse accordingly. That is, “drought” defined at a regional level may not
reflect correctly the situation of economic welfare of each household.

17:00-17:30 General Discussion



FY2005 1-3FS Project Research Activity Overview
FY 2005 April May June July August September | October | November | December January February March
FS Seminar 13:00-17:00 9:30-12:30 | 13:00-17:15 11:00-17:30 | 13:00-17:30 | 13:00-17:00
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Umetsu Aug. 1-13 Oct. 9-13  |Nov. 1-17 (India)
Zambia
Sakurai Nov. 1-17
Zambia
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Yoshimura Aug. 1-13
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EORL Y T RAFES (HERFEF S)

HEF: 2005#7H21H (K) 15:00—17:15
5T - HERIF SR

15:00—16:00

ZA MV P ETHENCB T AR EEFIHOEL—F = VRRICK D8
LWHOAIH % 8 <> T —

HRE . FERFRFRET V7 « 77V I HUBHFE SRR T 7 U Hisdf 48 55

HE KR

[EE] 1980 F T LAFED BEBOR OB BICEMNEESN ED L IS L TE 720
. AREAEY L BRI ICESEZ Y THOMNCT S, /-, ZOx0 & B ERREOZE
b & DEFEMEIZ OWT BT 5,

16: 00—17:00

A~V Ta—be —OEBMEEBNC KT b RNt ORIE——FT AT ICBIT 5
1990 FEFROBF HHLE [=2—b —mEik]]

R FERFERFBEAR - BREFER - BT, R E—AT

[EE] o—t — i H A (bGOREFELEE DR T, a—b —FEHKFET 5 B
FDAWINZHKHS L CE 2O D, M OELE FIZREDILZ 1990 FERAEXLIED v —
v EoEE Z R E e ERROEEFEOE LSRR &V D mH
HIEZ 5,

g

=11}
E:l

|}

17:00—17:15 #HmEH

p={!

E1OELYY T RS (HFEFS)

Hif: 2005#10H21H (&) 15:00—17:30
WP . HhERF S EEE

ZA bov o TR TREZ2BASE | PG OHEE - AR LV U 7 A z2dhe LT



FeRFE - (W) HERERETHRISOT7ER8Bd (IGES) RMIRY - BURH G 7' n ¥ =7 Mg
B, /NEASE (ZLE S&L)

[EE] 1987 FICHRE N7 vy b7 v MREZEIC L > TRB I TUkR, TRk
AIREZRBA%E ) ORI ABEIGEO B L LT, EEBIEOS 21X L4 2 L~_ULT
RSN TE 72, Ll TRk rTRE7ZRBA%E | DS EARMICIZ BT 200, D3 EE
21X ED XKD R ME 72 DDNTHOWT, R - X2 SN TE b
bH7, WEOFEMITEE STV, AR T, TFfrlae2B%] oM %E
(e ATREMEIC BT DSt 2= Lz LT, BRI oBR 2R+ 528 &
EF L. Frgt aTRetEfilfSgtE & LT TAEMHERF SV AT A2 XX DAERO LYY T v
ALV L] LERTDHILEREET D, TOHT, FftrlgetEa BN T 5
FiE L ToOman P —RFEFORIOBAIZOWTHN D, £/, 2D LD ITER
Shic THgErI e e ) Z BRI RS 2R-AD—> & LT, Er v a DK
BEERRE LI — AR T 4 IZOWTHHBISHETT 5,

E11EILY ) 7T RS (HEERF S)

Hif: 200541 1H25H (&) 15:00—17:30
WP . HhERIF S

15:00—16:00

ZA MV TET 7Y B <V HFEICK T 2BMKSE8H (2001 —-2004)]
TR - (Oh) B2 - AR E PEEEAN A JE RS AL ZEMTIE & o 2 — R IEEE 1
F—2ok, B HL  (DAD OAHRD)

[EE] W77V~ mEZBWT, IRCASO7uay =7 k [lH7T 71U D%
GE TR O K DBAEPED ) A 7 B EIROBFE ] O b &, 2001 4£~2004
W CHMRGBIN AT o7, ~ U OFEEEHD 2 SO EREY A P& L TGEEL,
FNENCREBINERE 1 & (KR -8 - & - JJE - R ENEEH 15 A2 R
L. MoOKEIRMEZECBI L=, ZORE., OBKEDR N ORI 72543 —
v, @ EHIEFT HREKBZR, ORBEOAT =N hd 2L, OWE - KL
HEORBMFTEE N, REPH LN o7, Zofth, [EGHEOBLINT — X fiffTiz
K DEKE OFEHNBEOMIZ, WET — Z T L 5 FEE(LOE: EbiTo 72,
I bz, OZEENS OWMEHLIARICET D T 70, @ a7 VITKREEEN D
NWCHRERAES, @FIcr—7 a2 L b TRHES,, @FRKARHOT —%a i
— ANy THS, Y REGRHL AN TIRI Lz, kICHEAL G Ic81) 5 3%
ERBIIOWTTFEICTHENALT, 77V HEOHEAEITANIT L Bo TS,



16: 00—17:00

ZA b THEIGRF R 72 B K BRI EZIL DN L TWD 0 57 7 U 7,
~ VT T 5 HEGE)

TR BWOKEE  BWKEBCRIZE 777 7 ) hEE SRR,
B KA

[EE] JIRCAS DT 7 U OKGEBTFROREIC L 2B AEFED ) 2 7%
WHATOBFE ) vy =7 FTIE, 2001 H~2003 FiZbH7b, ~ VU OREEHD 2 >
DO CEFFFHE L RSB T2, TRENOHOKFICEELE 15 A
DREFHC X 0 BB ORAREZRE L= 25, BRIZE SO OMRKREDZ
PRERII T LIRRAITEI 21T > T B 2 &, F 72 oy OIS T/ 2 i8R L7 125
IXHER PTG RETEIZ LD 2L, 2R L, 202 LiE, —o0fRENn)
PNZERINICB N TS, BKEOZERIIRE <, 2T 5 EZOITENC b L4k
PNRBHDHZ LR LTS, Thbb, HilliL L CEERTS Bk 13, HxoEs
ORRFIEEEZ LT LB L TR WAEEER H 5,

<J_

gt U
k=010
E=b

17:00—17:30 #HmE



P ET « 74— FRERS (BRER. S, EB)
2005 4£ 8 A 1-13 H

0. &0

PR T 7 U 7 HUE T IE, 2004/5 O RO EBIZ LD A A RAEPENFTEEZ 1T, FFIZ Lesotho,
Malawi, Mozambique, Swaziland, Zambia, Zimbabwe T 1 73 ™ A [ A% 811,000MT D A JE 89 & K42 B
ML LTCW5, —J5 South Africa, Angola, Tanzania TIZFEE L 0 BAETH -T2,

Y BT Tl 2004/5 FEORMZRIT 91/92 FELICK D RER & 722 0 | FrZRHEN & BN T A A AR E
IR E A% 72, W ¥ 7 BURF I Disaster Management & Mitigation Unit/Office of the President 254
HE T - sk~ O R KR & BIfA L T 5, Zambia Vulnerability Assessment Committee (VAC) D
WE T, 118,000MT DM & B E LT D,

Central Statistical Office & Food Security Research Project Tlfg4-4=1-"C Post Harvest Survey &
Supplementary survey % i L, Fitii& 217> T 5, SEIOFHE CIISEORR TRELZ T
7= Ml & = DM T PHS/SS DRI I SW T DGR &2 BEATB L OBENO AFT 5 2
& BAT o 7o, BARIIIZIE 4 1, 5 BRIZ DU T SEA (standard enumeration area) @ U A k & #i[X] A CSO
MHAF LTI,

1. Southern Porvince (Choma, Sinazongwe Districts)

2. Eastern Province (Petauke District)

3. Lusaka Province (Luangwa District: vulnerability assessment C highly vulnerable & 5l 41TV %
Zimbabwe, Mozambique [E/$%)

4. Central Province (Kabwe District)

LYV T AT a7 FOFRESGHIK E L CiE 2004/5 40 F k%5 Hi T CSO/FSRP @ SEA
DIFERR o DTN EZ—7 Y MTTHZ ENAREEE LTEx 6D, SEFMTE SEA X
Sinazese, Sinamalima (Sinazongwe District), Minga (Petauke District) T - 7z,

1. {TEhAREAE

8A1H (A) 210012k v & —aicES (REEOFKE TMKNEND)
H% o B —04FRITI% 22:30 £ T, H1F D Lawson (% 22:00 LLFE B 3
BH22%(23:15 EK317)

8H2H (K) R/NA7(5:10) R/3A 3§(9:55 EK763) = /~\F AT )L 7 (16:15)
*ZSHRN DR T~ 7 U v 3 (mefliam) Z i A 16USD/box(6tablets)
A NRAT V7% (18:10 SA68) /L1 71 35(20:10) Juls Guest House E75 (21:10)
SAMIZED A+ D= O LV Z T 2% < DREDHMNAE, RENER S
DT EIET D,



8 H3H UK) nwHiiH

9:30

10:45
11:45
12:30
14:05
14:37
15:25
16:55

Dr. Mulenga 7% Chipata 1T & % 12 & T Juls Guest House & CTH 4 IZ2XWIIR T b,
Manda Hill T#i4: (1 USD=4,630ZK)

SA #fize 47 4+ A (Intercontinental Hotel 2F)~fif# D TRIWA I,

Alliance Francaise T/& £

Survey Department, Ministry of Lands (Mulungushi House)#4. Mr. Mubanga (4~ 7F
FAO Zambia Office ¢ Library ¢ Mr.Daka |Z &£t = & — % (K FH

Meteorology Department T 7 — & O 15 HIE

Juls Guest House  &ZEHE~ai) 2 BV IZAT S BN ETZEIFE LTV Rho T,

8H4H (k) AN

9:00
10:30

11:55
14:45
15:15

16:12
16:51

8H5H

10:35

11:50
12:38
14:00
14:30
15:10

16:35
17:30

Dr. Jones Govereh % Food Security Research Project Office (Rhodes Garden)(Z 7/ 4/ #IN 4
SA Office 7B NZEETE L O i a B I THRAE @O oTca T 3650
DI BIFEFHDEETZ>72)

Arcade TEE & e-mail

Murngushi House ~F3£17 < 2% Mr.Mubanga IZA~7E, 1 1 HIZEEFT 52 Li29 %,
Central Statistical Office/Sales and Dissemination Office TEEIOIEA, ZZTHIAMLTHH
- 72 Mr. Frank Kakungu (Head: Living Conditions), Mr. Sooka (Head of Agriculture)z&/#a%
NIHUIT K RTE,

Arcade T#ATH (petrol: 5,420ZK/litre) , SPA Tk it o> 3 2

Juls &

&) Vvhh~Fa~
Juls % Ndola ORI NHEDT-DT 4 —EARYF L ET2ETRELTHL TV
4 BMEZ 72 2%, RDOVIZI=ARATEIRCIHTE (FBHVAEWARELFELZ A )
Kafue junction
Mazabuka (Shopping Centre C/&£) 13:28 %&
Monze
Pemba
Choma-Provincial Agricultural Coordination Office Z #/j#2, Provincial Agricultural Coordonator
(PACO)?™ Mr.Collins NKkatiko Fe7» & #UNEE L. Sinazeze ™ Mr.George Munakango X% %2
WAELTHITLTH S H, Sinazongwe District @ SEA(Standard Enumeration Area)s £ =
72D B & HJ, Choma Weather Station ~ % & L CH A N A X v 7124 2 DT
LTS, FVFERTLE ZICTTH T HEKEN KD DIFF T, Choma filNIZiE
Oxfam, World Vision % NGO OFRMN AN.D, ZZAHLSIC L THFEHL WA H X9,
Choma 7> 10 km Hfid17- Weather Station % i, F&/K & 850mm (CF4E) 524mm (2004/5)
Kozo Lodge 7 (150,000ZK/night)



SH6H (1) Fa~vw~H U N\HR~F =z~

8:07
8:17
9:28
10:08

11:10
11:50

12:45
13:30

14:40
15:53
17:29

Kozo Lodge &

Choma T#aiH  (5724ZK/litre: 273,035KW)  Batoka ~& ¥ &l 2 7 U S ~F T,
Sinazese C Mr. George Munakango ® B E~MTERIFELTH H 9, 9:41 %

Sinamalima #& LG OFHFIT TIHBIER . B U AR~ TED U SO KAAL
TODWEN 2 k matteE L, F A3 72ilfl 7 T3k AT b Tz,

Sinamalima ¥& Sinazese ~& % (11:38)

Nkandabbwe irrigation scheme (#i [LI CHAE /K RIZ 2 72 > T L £ WREHLIZ 72 0 FE LR P
84

Sinazongwe TEA

District Agricultural Coordinator (DACO)? Mr. George Samiaamba 7> & 15 # IV £

Sinazongwe DK &L 950mm (2003/4), 251mm (2004/5)

Zambeef DR AT — 3  OIEFRERLTZDRT (R RERE L TWRWI ENn0 D)
Zambeef % Sinazese % #¢H L T

Choma (f4iH1) -Kozo Lodge #

S8A7H (H) Favw~JbEr 7 AR

8:41

10:36
12:05
14:30
20:00

Kozo Lodge %

Livingstone 75 Wasawange Lodge (83USD/night)
WaterFront CaV#

Zimbabwe & O[EEE

Wasawange Lodge

8H8H (H) VeV 7 A hr~H

8:52

9:48

11:40
13:25
15:09
17:29
18:45

Wasawange Lodge %&

Choma @ PACO 73 - T\ 7= Provincial Centre for GIS Z #3227 53", Survey
Department, Mr. Kabue 7% Cabinet Office (ZJ& 2 Z & 235372 o 7o B3RFEA & D 72 0 4 [Elld
THHD,

Livingstone %& (#37H)

Choma-PACO % ##sEill DIl & #t#i %9 %, Southern Lodge THEE

Choma %&

Mazabuka (#7H)

Lusaka-Arcade

Juls &

8HIH (K) W I~_Fyr~F 4

7:15
10:25

Juls ¥ EH 1 2 H LR UG, FUHEHATHELZ3I0OZIEDLNLNHELTHL I,
Luangwa River; i&H KT A _R—DRFFED E—RNFO RN 2O R Y RN D 5
1%, Kacholola (11:17); Nyimba (11:30)



12:16
13:20
14:00

15:00
16:08
17:24

Petauke junction-fg /i3 2 TEZ 72 (THIFA - TWRDro72) Nyika Motel THE#&
Petauke-Weather Station % .

DACO ZRF DN 72 k72 T Department of Agriculture @ Mr. Friday Sikombe (24
W HRINEE T %, Petauke Districe @ SEA 23 & Z 72 Dina M & 3, DACO DHilZ PACO
1229 Z L 28 57- 0T Chipata ~[A]7 9,

Petauke junction C#aiH

Katete

Chipata-Chipata Municipal Motel (50,000ZK/night)

SH10H (K) FREZ~I A~V h

7:15

9:10

10:00
10:15
11:43
12:20
14:20
15:10
16:24
16:55
18:00

Chipata Motel & TINDO~—7% v b & Bt H% (7:50)

Katete (&)1l & A A Kaliza A3 RIIXA [ENZRFEIAR 2 O 72 D)
Petauke junction T#ATH

Minga-é3#1 2> 5 4km BiEAL7= Minga Mission 7% af 221 S SE

Minga %&

Niymba-Food Palace C/&#&

Luangwa bridge

Rufunsa

Chongwe

Lusaka-Arcade C e-mail

Juls &

SA11H (K) Vv¥AHiN

8:40
8:55

11:10
11:40
13:30
13:45
14:35
15:00
16:27

Juls %

i H: — Central Statistical Office, 1% {fi — Meteorological Department, & #F — Survey
Department @ 3 4 FTIZ43 2L TG HIEE,

FAO T Mr.Daka [ZfHA CW= &K D 2 ¥ — % Z TS

Dong Fang Restaurant (B 58k)E) CTRR

Department of Geomatic Engineering, University of Zambia ~ Mr.Mwanza % 742 5 N ARTE
Institute of Social and Economic Research ~ Mr. Mulenga % 342 % 23 RAE

Department of Geomatic Engineering -~ Mr.Mwanza % §/j 12 % 23 A~ 1E

Lusaka 17PN C shopping

Juls F—4 J5 L > & J7— & Guest House O 3Z$A\ M (USD)

8H 1 2H (&) Juls ¥(5:45) ZE¥ks5(6:10) /L 7 F&(7:55 SAB9) I /R AT /L7 75(10:00)

N ATV 7 3(14:10 EKT762)

8H13H () R/3A3 (00:20) K/ A 3(2:50 EK316) BHZE75(17:20)



2. MY IE®E

Aug.3 Dr.Mulengal DI —F 4>

—Chipata Z Z T TIZZ 2 1 0 — 1 54E[. AR D220

— AT T TR BN TR Y KB OEETH D,

—Zambia @ Agro-ecological Region (Region 1<800mm; Region lla, Ilb 800-1000mm; Regionlll
>1000mm) Region 1 @ #1138k 53 A & D #E M 1

—PEH O Region Il TIXRGEMEENMTHON TV S, Plateau TiE# /N2 #kh5;  Escarpment TiLh
UANEAOBERICE Y BENMTLNT, AN 2 HER ThiL T\ e, BREANED T OITF
casaba ZFENFREF SN TV D, HE D FRMHMIZITE LWk TH 5, Sorghum 1X1 9 7 0 FARIZH
R[ROWEICE T, Fa~vTIIEHARNBEEL TV D, £< O THIIREENRET NI, 2
BTtz KD THEINA~BEL TV D, 93/9 4 $'3E75>6$§71£753§< 7257z, F7= Zimbabwe
1B b Zambia FEFA~EAET 2 H N TV D,

—pPetauke (% Region 1l T& Y | cotton, maize D £, F 141X conventional crop;  Zctid food security
S TV, ITHEZ OEEFE5E Y food insecurity & 72> TV %,

—WVulnerability Assessment | X Min. of Agriculture/Meteorological Department %%

—SADIC(Southern Africa Development Community)i% Early Warning System (Z B 5 (?)

—Maize production ® 5 0 -+ 6 0 F{RD#HEE (X Elizabeth Colson |2 &L > TENIL TV S,

Aug.3 VU ETRETHME (ME, HH. £H)
Head office
Zambia Meteorological Department

Ministry of Communications and Transport

CHIEF Mr. Jacob Nkomoki, Acting Deputy Director, Forecasting & Research Division

ekt LT T & o 7o 9e
Mr. Joseph Kanyanga, Acting Chief Meteorologist, Forecasting & Research Division

—ZPELWVRHZIE, BRLWART A= HIl, A7 —v a3 2RO T D2 L, TEE

FHATOHOLEAMOHIRZ H 1T TRIZ D Z L,

RAET—2 DY 2 MIRETINRPoTzor fEo THZRNE Ly,

¥ RRAT—v 3 L, £FET 63, BEClE, Livingstone - Choma - Magoye 72 & 4 DD AT —
varngXr—vati, £, FreTiE, ZAB E SLM(NITCZ) KON NLT(SITCZ) DA
BHICHEN TV D TEDICERNE TR END L9 108D, KEAT — a  COBMIER T
Cloud Cover/Temparature/Rain Fall/Evaporation/Valometer(AirPlesure)/Sunshine 72 &

Aug.ll [RETEBM  (EE, BHHOER. BEEH)
Mr Kanyanga 7 office |2\ C, 7R LICHEDL LTS Z LR TE T,



Met. 7 — Z 22T

ATHICEWTEHET — 4 O WORD 7 7 A /L% USB Ti9, MrKanyanga {Z WORD 7 7 A /L% &
THEIND (W7 7 A L"ZambiaMetData.doc” 2 ), ZHHLOFLIE, 23 6 A7 — a3 (T
DOV T O ATREZR BRI O monthly Bk &) THo72, TP ET 8 AT —2a DI 21 04D
annual f/K | ICEEZE SN (8 A7 — 3 3 » =CHIPAT, CHOMA, KAFUE, LIVING, LUSAKAO1,
LUSAKAQ02, MAGOYE, MTMAKU, PETAUK), FS DEMETIX, T THRTEAS LD L (OF
D, b9 ERTEVWRSWNEWNIZ L), 10EREVNIDIE, HFEAT—Ta DT —Z N
consistent 72 &£ 5 x5 (fRiETX %) Wil D Z &, Mr Kanyanga, WORD 7 7 A V%7 U k7T
7 RL. B3P A >0 Mr Kanyanga b4 HIZNENTW, ThdxboTIHOa Ea—X
J—L~, T a—Hb— A0 PC(Windows98)(ZiX, CD-R & USB A v #—7 = A AL 721D
T, FFZ2O7ry =7 4 AZ7|Zat—LTH 59, Mr Kanyanga 83 <Iceo>T<Ld L9 FR
ARLTL N, AEHY LT ES 272 H13,

Computer Room / Mr. Boniface Mbewe,

ZDOFFNE DX, EHE computer room (2K TTF — X ZELLTH LN EDZ &, fHE X bytes #2
BTWRDOBNLD (RFTE R charges.doc”Z ), 4B, 30,500KZ, Bidihv, FEIEIIHIERBT D
ARICENTHLL W, 2T h bl T,

Early Warning System{Z-2>WT

Mr Kanyanga (Z[HVN T A %, Ministry of Agriculture, Central Statistical Office, Disaster Management 72
Aol Met. Dep. D 4D, WAWART — X ZHEH T, 5 LAV, warning Z 3, B 7e
AT HEND IDIE, SFEOFICEHZ D H 5, Mainly Human + (data & equipment),

% Met. Dep.® 2455 Mr. Francis Banda, Acting Agro-Meteorologist is the departmental representative
to the national early warning unit.

VoluntaryZgstation{Z -2 T

Met. Dep CiEH LT\ 5 36stations DAtz voluntary D AT — = > 036 5, HIEIL, 1ZIF rainfall
T, ZhoDT—4% Met. Dep IZ L3> TL %D, LorL, REITIEUTT RN R &2 T 5H720F
T, Met.Dep DT —& L AT ATIFANL TR, EIZN—Fabt— () THRIFELTWVS,

Met.station LUSAKAOL .77 (i, EATGR)
25 % LUSAKA @ station @ 1 -5, Met. Dep D5, Local ZE#DBIZH 5,

Met. Dep. Web# b : http://www.weather.co.zw/index.cfm

Aug4 Dr. Jones Govereh L DI —5 127 (F SRP Office)

—{R32 D Jan Nijhoff [C23MAM H1 D 7= Dr. Jones Govereh [k & 23\, Food Security Research Project
OREEFA %52 1F %, Dr. Govereh |% Zimbabwe HE& TMSUZO=T = / I A K,

—Central Statistical Office (CSO) "CiX Crop Forecast Survey & Post Harvest Survey % 5 L TV %,
1. Crop Forecast Survey: {544 — 6 A %20, fEEMAE R TR X0 BUFA A - @aHoNT o


http://www.weather.co.zw/index.cfm

A — b &R E T, 8 0FERNBITo TN D,

2. Post Harvest Survey: 541 0 A 3fi, ¥ > &7 4+ 8000 it (Z-> T, National/Provincial
DY —~_A %147 5, District level D7 — X TR < 724y, 2000 FD PHS (TFH LW 7 L—ALT—2 T
179, %5 district |Z 3 — 5 ® SEA(Standard Enumeration Area) % 7% & L. 20 households(HH)/SEA % 7
T2,

%1 213 Southern Province (213 30 @ SEA 3% 1), 4 SEA 7% 20HH Z 5>, SEA 138 % Wik U
HTC % household 1X4E12 X - TiE 9

—supplemental survey : FSRP Ti% CSO & —##(Z CSO @ Provincial HQ staff % enumerator(Fi 4 &)
& LT CSO M EHAT > TV 5 Post Harvest Survey (PHS) 8000 ti:#r > 5 % 2000 412 52 L 7= [ U
5 7500 {4545 @ supplemental survey %4> B 7 &+ THEj L T\ 5, (Efi4E 2001, 2004)

AT N1 post-crop, other non-farm income 72 &

—CSO X7 —#EDOIIIT O BTIEH E VIT- TR,

—FSRP D4R T 5 1% 3.5million USD/year T @ 9 % supplemental survey i 1 [#] 0.5millionUSD. (5
THHREE) Y022 ME 2007 FTHKTT L2, USAID O LW7 1P b
MATEP(Marketing & Trade Enhancement Project)iZ —#W N 5 T7E (2010 4% C)

—2004/5 £ED FRETRFRIN D A A XAEPENFEBEZ 51T, 85,000 kA& L TW5, Cotton, tobacco
I7 — L THEEERPMOTVDR, A RIEAEREIED LTS, filiersEglsn, RR
ST 22 LT Th D, 2 ADAA AFREITMOTW DL, o e 7 Hif 2 Bl
TLHLNIBLUISRERN L BTV D,

Aug 5 Mr. Collins NKkatiko (Provincial Agricultural Coordinator)’» 5 D& #

—mE M 0 5 B Siavonga, Gwembe, Sinazongwe, Kalomo Districts 0> 7 U /i = 13 Rl i 38 iy < &
V. A3 300-400mm L AFEAE B 727> 72, Region | IZ/&T 5,

—£ R Coping strategy & LT 1. AU NJHTOMZE, 2. ENITH-STWD, SHEDLH DD K
AWEIIFEEBFTA LTV, BRI NGO 726 D RHREICHEH > T\ 5,

—Sinazongwe (Z1% 4 # Fir® SEA (Sinazese, Kafamira, Maamba, Malima) 73 & %,

—Gwembe | Region | (Valley) & Region Il (Plateau)3 & 415, Valley @ B3 EIR7ZA3, plateau
TIIEEL TS,

—UTE T U NI OIRAEAME T LD 2km Z1IB L TV 5,

—Provincial Centre for GIS 73 Livingstone (Cabinet Office - Mr. Kabue) (Z& %,

Aug 6 Mr. George Samiaamba (Sinazongwe District Agricultural Coordinator)’» » D& #
—Sinazongwe DK EIE 2003/4 1% 950mm, 2004/5 4E1E 251mm CToh - 7=, 2004 £ DR TR
IR EE WD Z T,

— 80— 9 0 %DENEHINIFETE /2 h - 7=, Sourghum, millet, maize, cowpea @ 9 b5 (2
Sourghum, millet, maize D% A3 K & 7o 7=, Malima (SEA) Tl EL 4 /EY @ cotton A E 22 - 7=,
—BEOHITIL, 9 2HEEFENIFEOEL R oToAd, 94/95 IR BILTRIEM D 100%53 45
BT T,

—Disaster Management & Mitigation Unit/Office of the President 28 2RO E %% 1F7- 5 — 6 J5 iy




~NEA4-B5HZAETLI00 FORBREEZT D, ZOHUIED A A XL VT LORFFEHEREL
352 1 THD, AEOHEMITH (1 27) CRFIFEFRR2VOT, XETr 77 0L LT
A A ZFEA- & PR BAE T Do

—EERO/RKE L L TS THEDIL TS DT Masao (fruit tree), bushika (tamarindo tree), zunkura
(HI5F5), inji, RNZRICI30%%, masenda (V) %l H), dried kapenta (/]vf&)

—ZOHIRDRRITIEE A EBFEEEM ORI ZERET D2DHTHY | TELT2ODREWITE
PEL TV,

—District Agricultural Coordination Office ®™{f: =% 1. Crop Forcast, & 2. Post Harvest Survey @ 3/,

Aug 9 Petauke District Agricultural Coordination Office T D& #HIEHX

Mr. Friday Sikombe (Head, Agriculture), Mr. Muale (PHS D $H 243512 &\ M i HULEE,

—Petauke District ¢ SEA % 1.Niyanji(Kapoche block), 2.Nyamphande, 3.Minga, 4.Ukwimi.
—SEDOEMHEILS 5%, HERBREEL RN LR ORED O HPINHE TS,
Conservation farming ®N% 1%, ditches (#4) and basins (pit =15 ?)

—Chipata ® Provincial Agricultural Coordinator |Z & "2 5 BRIZEND 723, KRR R O 72 W&
T %,

Aug 10 Minga Mission

Petauke District ™ SEA ®—->T& % Minga Z#fita, Minga Mission O /NFERE & @i T HIEE,

—1 9 2 34T Missionary of Africa 233%x, Jbt, FA A BT 2. BUEITIRPED 223 Kilimanjaro

Sisters (Tanzania)lZ L ¥ i&E& LTV 5

— 8 AIXE KA, $M®E”i“fﬁ$%{?ﬁf't LTCZRWERNRZ, (NFER)

—30—4 0%DFAENRRER (158 11,000ZK) Z3h 2720 Tn5d (Ei)

—HITT OERIT AL EZEM DN BN 72 7> 72 0O THT < DFRIT roots crop, yam, wild cassava % B V) (2

A>TWo, 11HIEZ Y —r - v I—%INHEL, BRRICT 2 TIE,

—1 1 HIZAA X, groundnuts, cotton (HK) O#fZ L, 1 2 HORIIONEFE>, [UH#iX4 A
(A4 X)), 5H (groundnuts), 6 A K (cotton)

—HEITEH CTIEE A AT 2B en WD, BN

—1 0Ftd B A%, borewell (Z4< 720, SHIFECEHKOMERIZHE LTV D

— B ~DIFK . Nyimba TA A X @%b\ﬁb‘%%‘@ié Do FEEND OB WA MR T

620ZK/kg(maize grain), Milmeal (Shima FIZ#Z L7= b O)DOAfiks X~ —4 » b T 1500ZK/Kg.

Aug 11 Survey Department #5f (F#) 9:10~10:15
Mulungushi House, Agency of Land 2 &

[HESEA

Danny Mubanga (Survey-general)

Bwalya N. Chuba (Head of Photogrammetry)
Mooka(Chief of Cartographer)



s P ET OHIBKIZET 51 H

1) Hre7ofRiT, UTM 8IS TEY, 34 Y —unb 36 Y —r D320V — )&
T

2) EEEAKIZ, 5 5501 TetE 826 ThR—F %,

3) MM DT ¥ Z NAKIZ-OWTIZ, Northern Province & Western Province, IfzTNZ 5 -2 District
THEENTET LT D, BIRD 40%I2H Y9 % FEI,

4) FYZNMK(RY FAHR)CON T, LY A TSRS TEE ST 5, LS Clit
H LRI E DR IRIGEITR > TER SN D 2 Wb D,

5) HIKTERLD 7= ORIz G EHRAIZ-OVTIE, 1990 2 d —a v S bl Ze#s F vy — % — L
I S v, ALK 1991 427 6 13 Up to Date,

6) T 4 VHINT —HIZOWTIE, Survey DeptiZH— 3—%FE L, Internet TREN, #HiG L D7
— XAz X 5 EHE A % %, Ndola & Living Stone TOAFEENTE T LT D,

Atk DBARIZOWNT

1) MESEBIUOHIERIZOWTE, ARlEa Lz 3 ADREEEICHZD, LB -T, 25
OOFHEMBRE Y RE, HYFIEE LY, SO ONTHRFLTHELH) 2 ExE
AV L 7=,

< DAt
1) FEDY E— htr 71220 TiE, National Remote Sensing Center 233 L Tkbv, = 5H
5OEHIZONTIE, BB,
2) Choma T&f L %[V 7= Livingstone |2 & % Provincial Center for GIS ®F7 — %1%, /4 H1ZdH 5[
J & LAN THefit S L7 — Z IR R ST %,

Aug 11 Central Statistical Office (HEEE)

Mr. Masiliso Sooka (Head, Agriculture) & Mr. Colby S. Nyasulu (Post Harvest Survey)(Z 23\ V& #UEE,
PHS ® SEA U X F &2t L TWe72& | Z DM G e-mail TiE-TH B I RAZWS 2, 4EIAF
L7=Di%. LLF® 4 provinces 5 districts), HiXZ 3 TIZ AFHEH,

1. Southern Porvince (Choma, Sinazongwe districts)

2. Eastern Province (Petauke district)

3. Lusaka Province (Luangwa district: vulnerability assessment C highly vulnerable & FFE{fi 41T\ 5
Zimbabwe, Mozambique [E/£5)

4, Central Province (Kabwe district: = B /eEOFHA DT <)

—S E Alxd 5 —E#I7#(2000, 2002, 2003, 2004)(X[F UHAT CIriLiz 2y, sREZFHIET LIicR
725 T D, (ZD7=% FSRP @ supplementary survey Tl 2000 DA & [6 CFEFHIR D A X
Ea—%1T> T 5)



3. ANTF&%} Reports and documents collected in August 2005 Zambia Field Trip (1-13 August, 2005)

[Central Statistical Office]

Published reports

Living Conditions Monitoring Survey Report 2002-2003, Central Statistical Office, November 2004.

Zambia HIV/AIDS Epidemiological Projections 1985-2010, Central Statistical Office, January 2005.

Zambia 2000 Census of Population and Housing: Census Atlas, Central Statistical Office, November
2003.

Zambia 2000 Census of Population and Housing: Analytical Report, Central Statistical Office, 2004.

(Volume One Central Province; Volume Three Eastern Province; Volume Five Lusaka
Province; Volume Eight Southern Province)

Zambia 2000 Census of Population and Housing: Agriculture Analytical Report, Central Statistical
Office, November 2003.

Selected Social Economic Indicators 2000-2003, Central Statistical Office, November 2004.

2000 Census Reports Chapter 1-9 [pdf files]
2000 Census of Population and Housing: Census Atlas [pdf file]
2000 Census of Population and Housing: Summary Report2 [pdf file]
2000 Census of Population and Housing: Agriculture Analytical Report [pdf file]
2000 Census of Population and Housing: Housing and Household Characteristics-Analytical
Report [pdf file]
2000 Census of Population and Housing: Migration and Urbnization 2000 Census Report
[pdf file]

Living Conditions Monitoring Survey (LCMS2) 1998 questionnaire [pdf file]

Living Conditions Monitoring Survey Il (LCMS) 1998 Supervisors’ Instruction Manual [pdf file]

Zambia Demographic and Health Survey 2001-2002, Central Statistical Office, February 2003

[pdf file]

The Food Security, Health and Nutrition Information System (FHANIS) August 2003, Central
Statistical Office, November 2003. [pdf file]

Living Conditions Monitoring Survey — | 1996, Central Statistical Office, 19977. [pdf file]

Rural Income and Livelihoods Survey 2004 - Second supplemental Survey to the 1999/2000 Post
Harvest Survey (for small and medium scale holdings), Central Statistical Office. pp.1-33.
[questionnaire, pdf file]

Zambia Sexual Behaviour Survey 2003, Central Statistical Office, Ministry of Health, Measure
Evaluation, March 2004 [pdf file]

Unpublished materials

List of SEA (Standard Enumeration Area): Central, Eastern, Lusaka, Southern Provinces
Map of PHS (Post Harvest Survey) study areas: Central, Eastern, Lusaka, Southern Provinces



[digital map]
Publication List (Sales & Dissemination Office)

[Meteorology Department]
Republic of Zambia Agroecological Zones [Word file]
Summary on the Rainfall Performance of the 2004/2005 Growing Season, Weather Monitor, The
Director of Meteorology, Ministry of Communication and Transport, Lusaka. [Word file]
Rainfall data: Type: Recorded Annual rainfall (mm) [digital]
Location: Lusaka, Choma, L/stone, Kafue Polder, Mt. Makulu, Magoye, Petauke
& Chipata. stations
Period: 1994 -2004
Met station DALE T — 4 (JFEH% e-mail TATF)

[Ministry of Lands/Survey Department]

Vegetation Map of Solwezi District  Scale: 1: 500,000

Mtwara Development Corridor Map Scale: 1: 1,200,000

SE-35-4 KARIBA Scale: 1: 250,000 (published 1974)
SD-36-9 PETAUKE Scale: 1: 250,000 (published 1973)

[Food Security Research Project (USAID/MSU)]
various papers are downloadable at http://www.aec.msu.edu/agecon/fs2/zambia/index.htm

[FAQO]

2005 Vulnerability and Needs Assessment, The Zambia Vulnerability Assessment Committee (ZVAC),
June 2005. pp.1-64.

Summary Report of May 2005 Needs Assessment, presented at Disaster Management Consultation
Forum, The Zambia Vulnerability Assessment Committee (ZVAC), 8" June, 2005. pp. 1-9.

Zambia Smallholder Agricultural Production and Marketing Support Project-Preparation Report
Volume 1: Main Report and Annexes 1 and 2. FAO/ADB. May 2004.

Zambia Smallholder Agricultural Production and Marketing Support Project-Preparation Report
Volume 2: Main Report and Annexes 3 and 7. FAO/ADB. May 2004.

Zambia Southern Province Food Security Project, FAO, September 1993, pp.1-110.

Food Needs Assessment, National Early Warming Systems (NEWS): Early Warning Unit, August
1998.


http://www.aec.msu.edu/agecon/fs2/zambia/index.htm
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