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Preface

The RIHN pre-research (PR) project in FY2006 “Vulnerability and Resilience of
Social-Ecological Systems” has just completed the one-year preparatory stage.

During the fiscal year 2006, many project members visited Zambia and discussed with many
people including farmers, university professors, researchers, and government officials and
conducted preliminary surveys. With the cooperation of local villagers and government
officials, we obtained a permission to use a plot of fallow land for our field experiment during
our project and started soil analysis. Also, two graduate students have started living in villages
in the Southern Province before the cropping season and collecting detailed information
regarding agricultural production, labor migration, drought responses. Geographical
information based on ground truth survey is under way. In March 2007, the MOU was signed
between RIHN and Zambia Agricultural Research Institute (ZARI) as a major research partner.
We are also preparing household survey with the Central Statistical Office in this spring.

The year 2006 was the time we strongly realized the globalization process. The economic
boom in China and Korea has increased the copper demand and price significantly. And as a
result of the copper boom in Zambia, Kwacha appreciated from 4,670ZK in August 2005 to
3,500ZK in June 2006. How the expansion of trade and the exchange rate shock might be
affecting the small-scale farmers is an important issue. Recently India and China are emerging
as an important trade and investment partners for Africa. Some people mention new “Africa’s
Silk Road”.

Our project has just finished the stage of pre-research study and is moving into the stage of
full research project. We appreciate 1-3PR members for their efforts for the preliminary
research and field surveys. We also appreciate kind support by the evaluation committee
members, director, program directors, administrative staff and the colleagues of RIHN for
making this exciting research program possible.

March 2007

Chieko Umetsu

1-3PR 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 @ 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 wvulnerable 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.

B. Objectives of Research

The objective of the research is 1) to consider impacts of environmental variability through
vulnerability and resilience of human activities in semi-arid tropics; 2) to study factors affecting
social-ecological systems and the recovery from impacts and shocks; 3) to analyze factors that form the
ability of household and community to recover and the role of institution for resilience; and 4) to
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.

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 I1: Household and community responses to variable environment

Theme I11: 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.

B. Research areas

The study areas of the project are the countries in semi-arid tropics (SAT) (Figure 2). 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 main research area is Zambia in Southern Africa, in
addition to Burkina Faso in West Africa, and India in South Asia. In Zambia, drought prone Eastern and
Central Provinces are our target research areas.

C. Research contents and methodologies

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

This theme tries to capture the interaction between ecological resilience and human activities under
fluctuating environment. In theme I-1, to evaluate the components, capacity and succession of
ecological resilience, we will monitor spatial and temporal changes of soil conditions, e.g. organic
materials and fertility related properties, succession of grass/shrub/tree communities, micro-climatic
condition in above-ground and soil, and degradation of land that are expected to happen during the
process of conversion from stable fallow woodland to agricultural land. In theme I-2, the influence of
ecological resilience on human activities are revealed by comparison of some soil properties, which is
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.

Theme 1I: Household and Community Responses to Variable Environment (Theme Leader:
Takeshi SAKURAL)

Rural households in the semi-arid tropics have developed various kinds of risk-management and risk
coping mechanisms to respond unpredictable rainfall. 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 II-1 is to measure the risky event objectively, that is,
rainfall. Theme 11-2 concerns with the endowments of resources available to households including
physical, natural, human, financial, and social capitals. Theme I1-3 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 I1-4, households’ resilience in risky environment is
evaluated in terms of income-smoothing, consumption-smoothing, and nutritious status.

Theme I111: 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. Theme I11-1 tries to consider the change of economic policy and its impact on agricultural
production and land use. Theme 111-2 analyzes changes in socio-political and their impacts on land
use. Theme 111-3 investigates historical changes of drought responses and crop failures and the role of
social institution to mitigate such situations.



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

The primary goal of this theme is to clarify the relationship between ecological vulnerability, resilience
and human activities through investigations of changes in land use and multi-level social/ ecological
systems. Theme IV-1 analyzes continent scale climate monitoring to understand the mechanism of the
formation of drought. Theme 1V-2 investigates land use change and its impact on ecological system
such as forest degradation and vegetation change using multi-temporal aerial photographs and satellite
imageries. Theme IV-3 considers the role of actors of early warning systems and its effects on food
security. Finally in theme V-4 we analyze and evaluate regional resilience with district level data.

2. Common Issues and Discussions
2.1 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. 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, it is a
great opportunity to conduct interdisciplinary project as a RIHN 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), West Africa region
(Burkina Faso), 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.

2.2 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. Research group expected to join the project are anthropometrics expert,
cultural anthropologist, early warming specialist, public health expert, forest ecologist, and macro
economist. 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.

2.3 Towards dissemination of the research outcomes

We plan to publish the research results as books and in academic journals and to disseminate the
research results not only at the domestic meetings but also at the international research community such
as IHDP. We utilize homepage for making research results available to public.

3. Outcome up to now

3.1 Research Activities during the Pre-Research

A. Research organization

o We discussed about the MOU with Zambia Agricultural Research Institute (ZARI) and reached an
agreement. The MOU will be signed within FY2006.

o We discussed with researchers and staff members of collaborating institutions: Central Statistical
Office, Ministry of Finance and National Planning; Food Security Research Project in Zambia
(USAID/MSU); Institute of Economic and Social Research, University of Zambia (INESOR/UNZA);
Meteorology Department, Ministry of Communication and Transport; Survey Department, Ministry of
Land; Zambia Vulnerability Assessment Committee (ZVAC).

B. Methodologies

During the FY2006, we conducted literature review, field observation and preliminary interview for
farmers and identified some research targets that should be included in our resilience study.

C. Results of preliminary field research

¢ During the field trip to Zambia in June-July 2006, we identified the field experiment site for Theme |
near Petauke in Eastern Province. We obtained permission for the use of fallow land from the district
administrator as well as villagers. Also a preliminary soil analysis is underway in order to clarify spatial
distribution of soil characteristics. Theme | supports Theme I1 for soil analysis.

e From August 2006, two graduate students are residing in a village in Southern Province for their
interview survey on labor migration, drought response and others. They continue to stay in the
respective village until the end of cropping season in June 2007. (Theme I11)

e In order to know typical land use change patterns in past years, we analyzed multi-temporal satellite
imageries as our preliminary analysis. Using NDVI (Normalized Difference Vegetation Index) which
introduced by the visible and near infrared bands combination, we extracted typical land cover change



areas. During the field trip to Zambia in August-September 2006 (Theme IV), we conducted ground
truth survey to compare the results of preliminary analysis and actual ground conditions. In this year
ground truth, we visited some of typical local villages and interviewed farmers where the land use
change in the past is quite rapid. Also, we examined the impact of drought from vegetation change at
the national level using mid-level resolution multi-temporal satellite imageries. Furthermore, using
rainfall data from national meteorological station in Zambia to show the specific rainfall patterns during
drought

¢ During the field trip to Zambia in November-December 2006, we visited a local hospital, health
center and obtained information that during the drought the rate of infant birth weight below 2.5kg
increase significantly. Also we obtained information of HIV/AIDS prevalence in rural Zambia.

e For human dimensions and human security, we surveyed global food security issues as well as
institutions for food aid and early warming systems developed in Ethiopia for comparison.

e We organized a Resilience Seminar “Developing Methods for Institutional Analysis: Institutional
Diversity in Resource Management) by Prof. Elinor Ostrom in July 2™ at RIHN and discussed about the
institutions of resource management with many researchers who attended the seminar.

o We organized five Resilience Seminars in FY2007 (2 July, 25 July, 2 October, 9 November,
February)

3.2 Changes made from the initial plan

¢ The effects of drought on humans appear especially in infant health status. The information related to
their weight, height, and arm circumference is very important.

3.3 Response to comments by Evaluation Committee in March 2006.

e One committee member had a concern about the scale of analysis. However, the main scale of
analysis is village/regional level. Only when it is necessary for larger level of analysis, such as climate,
we go beyond national level for analysis.

¢ Also one committee member mentioned about why we have three research fields. By including India
and Burkina Faso, we can consider the different formation of resilience depending on population and
land endowment in those regions.

e One committee member suggested literature review. We are planning to incorporate review in PR
report.

4. Forthcoming activities

A. Goal for Pre-Research

o We are trying to identify further the priorities of research items and make detailed research plan for
the FY2007.

B. Activities in FY2006

e Additional survey for Post-Harvest Survey households in Eastern and Southern provinces are under
planning. We plan to identify sample villages in Petauke in Eastern Province, and Sinazongwe in
Southern Province for intensive household survey by March 2007.

e We produce PR report by March 2007.

C. Problems and Solutions for Research

o We are expecting to find experts of emergency food and rural energy in Japan or in Zambia.

¢ We plan to consider opening a field station in Zambia for field observation and monitoring.



5. Research Activities from FY2006 to FY2011
5.1 Time Schedule

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

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

Report Report Report Report Report Report Report

Figure 1. Resilience of Social-Ecological System and Four Themes
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Figure 2. Regions of Semi-Arid Tropics and Study Areas




1-3PR Project Member List (FY2007)

Name Affiliation Department Title Field Role
Leader| Chieko UMETSU RIHN Research Department Associate Professor |resource & environmental economics | Regional analysis, farm survey
A [Shigeo YACHI RIHN Research Department Associate Professor |mathematical ecology Advisor
Theme I
QO |Hitoshi SHINJO Graduate School of Agriculture, Kyoto Univ. Division of Environmental Science and Technology | Assistant Professor |soil science organic materials and soil fertility
O |Ueru TANAKA Graduate School of Global Environmental Studies, Kyoto Univ. | Terrestrial Ecosystems Management Associate Professor |agronomy soil degradation and erosion
Shozo SHIBATA Graduate School of Global Environmental Studies, Kyoto Univ. | Landscape Ecology and Planning Associate Professor |forest ecology tree/shrub components and its succession
Reiichi MIURA Graduate School of Agriculture, Kyoto Univ. Division of Agronomy and Horticulture Science |Lecturer botany grass/herb components and its succession
Hidetoshi MIYAZAKI |Graduate School of Agriculture, Kyoto Univ. Division of Environmental Science and Technology |Ph.D. Candidate soil science measurement of land plot, crop components
Moses MWALE Mt. Makulu Central Research Station Ministry of Agriculture and Cooperatives |Vice Director soil science soil analysis
Yoko NORO Graduate School of Agriculture, Kyoto Univ. Division of Environmental Science and Technology |MS. Candidate soil science organic materials and soil fertility
Theme Il
QO |Takeshi SAKURAI Policy Research Institute, MAFF Senior Economist development economics  |household survey and analysis
Hiromitsu KANNO National Agricultural Research Center for Tohoku Region |Laboratory of Agricultural Meteorology Team Leader agricultural meteorology |measurement of rainfall data
Assessment of health and
Taro YAMAUCHI Graduate School of Medicine, The University of Tokyo |Department of Human Ecology Assistant Professor |human ecology nutrition status at individual—,
household- and population—level
Theme Il
QO |Shuhei SHIMADA Graduate School of Asian and African Area Studies, Kyoto University | Division of African Area Studies Professor environmental geography |village society and institution
Minako ARAKI Faculty of Letters and Education, Ochanomizu University | Geography Associate Professor |development study village society and institution
Kazuo HANZAWA College of Bioresource Sciences, Nihon University |Department of International Development Studies |Professor agricultural economics farm household survey
Chihiro ITO Graduate School of Asian and African Area Studies, Kyoto University | Division of African Area Studies graduate student (MA) lhuman geography labor migration in rural area
Shiro KODAMAYA  |Graduate School of Social Sciences, Hitotsubashi University |Division of African Area Studies Professor African sociology agricultural development and social change
Chileshe MULENGA |University of Zambia Institute of Economic and Social Research |Senior Lecturer economic geography analysis of social behaviors
Tetsuya NAKAMURA |Graduate School of Asian and African Area Studies, Kyoto University | Division of African Area Studies graduate student (MA) agricultural economics socio-economic responses to environmental change
Theme IV
O |Mitsunori YOSHIMURA |RIHN Research Promotion Center Associate Professor |remote sensing ecological change monitoring
Yukiko IITSUKA The International Peace Cooperation Headquarters, Cabinet Office | Secretariat Programme Advisor |development studies early warning system
Thamana LEKPRICHAKUL | RIHN Research Department Senior Project Researcher |environmental & health economics |household survey and analysis
Keiichiro MATSUMURA |Graduate School of Human and Environmental Studies, Kyoto University |Cultural, Regional and Historic Studies on Environment Assistant Professor |cultural anthropology land tenure system and rural livelihood
Tazu SAEKI RIHN Research Department Assistant Professor |atmosphere physics climate monitoring
Chieko UMETSU RIHN Research Department Associate Professor |resource & environmental economics |regional analysis
Megumi YAMASHITA [Survey College of Kinki Lecturer geographic information vegetation monitoring
India
O |K. Palanisami Tamilnadu Agricultural University Water Technology Centre Director agricultural economics household survey and analysis
Akiyo YATAGAI RIHN Research Department Assistant Professor |climatology monsoon rainfall analysis
C.R. Ranganathan Tamilnadu Agricultural University Department of Mathematics Professor mathematics economic modelling
B. Chandrasekaran |Tamilnadu Agricultural University Tamil Nadu Rice Research Institute Director agronomy rice production analysis
V. Geethalakshmi Tamilnadu Agricultural University Department of Agricultural Meteorology |Professor agriculatural meteorology |monsoon rainfall analysis
Burkina Faso
Kimseyinga Savadogo|University of Ouagadougou Department of Economics Professor economics household data analysis

O =Core Member; A = Advisor; MAFF=Ministry of Agriculture, Forestry and Fisheries




Shock and Poverty in Sub-Saharan Africa:

The Case of Burkina Faso (Report on Pre-Research in 2006)

Takeshi Sakurai (Policy Research Institute)

Introduction

Risk is the major cause of poverty in Sub-Saharan Africa (Dercon, 2005). It is well
known that while rural households are relatively well insured against idiosyncratic shocks via
various informal mechanisms, covariate shocks reduce consumption level significantly and its
impact can be persistent (Hoddinott and Harrower, 2005 and Dercon, Hoddinott, and
Woldehanna, 2005). Even in the case of covariate shocks, households could cope with them
by receiving remittance from other regions that are not affected by the same shocks and/or
out-migrating to such regions (e.g., forest zone in the case of drought). Most studies on
covariate shocks deal with the case of drought, flood, earthquake, commodity price shocks,
currency crisis, and so on. But it is not examined what rural households will behave, if
transfer, one of the most important insurance against covariate shock, were widely suspended
due to covariate shock. This paper focuses on this issue using rarely available panel data
from Burkina Faso.

Burkina Faso, a landlocked country in West Africa, is located in the semi-arid zone on
the southern edge of the Sahara desert, or in the Sahelian region (Figure 1). Most of the
country’s territory belongs to the Savanna zone whose annual precipitation varies from 400
mm in the north-east to 1200 mm in the south-west.  Agriculture in this country is generally
rain-fed, and frequent drought due to erratic rainfall keeps its productivity low and unstable.
Since droughts are very frequent in Burkina Faso, rural households are known to be well
prepared for them (e.g., Reardon, Matlon, and Delgado, 1988). But the country remains one
of the poorest countries in the world: 53.1 percent of the country’s rural population is below
the poverty line in 2003 (Grimm and Ginther, 2006). The poverty has made the rural
population rely on external migration (mostly to neighboring Coéte d’lvoire) as well as
remittance from the relatives living outside
the country (also mostly in Céte d’lvoire).
It is estimated that such revenue constitutes
10 — 20 percent of their total income
(Reardon, Matlon, and Delgado, 1988).
In other words, rural households in Burkina
Faso 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.
In addition, the regional migration has been
contributing to the mitigation of population
pressure on the land in Burkina Faso.

Figure 1 Location of Burkina Faso However, in September 2002, a military

rebellion took place in Cote d’lvoire. As a
result, a considerable number of Burkinabés living in Cote d’lvoire were obliged to return to




their home and the total number is officially estimated to be some 350,000 as of July 2003.
That is, the crisis in the neighboring country has imposed unexpected income reduction
because the sources of remittance and migration income have been lost. In addition, the
returnees from Cote d’lvoire have caused unexpected population pressure on rural Burkina
Faso. This kind of covariate shock has been rarely investigated in the literature. Hence,
this paper investigates empirically the effect of the covariate shocks due to the Ivorian crisis
on the welfare of rural households in Burkina Faso.

Study Site and Data

The study site is eight villages shown in Figure 2, where Japan International Research
Center for Agricultural Sciences (JIRCAS) and University of Ouagadougou (UO) have been
conducting household survey since 1999.'  They spread over the four major agro-ecological
zones in Burkina Faso: the northern Sudanian zone, the southern Sudanian zone, the northern
Guinean zone, and the southern Guinean zone. They differ significantly in the level of
annual precipitation, and accordingly households’ technological choice and risk management
are different.

Thirty-two households were selected in each village in the following way. First, a
village census was carried out in 1998, and village households were stratified based on the
ownership/adoption of animal traction technology. Then, the number of sample households
of each stratum is determined proportionally to the total number of households in each
stratum so that the sample size of each village is fixed at thirty-two households. As a result,
the number of sample households amount to 256 spread over the eight villages in the four
agro-ecological zones.

Then, from 1999 they were
surveyed repeatedly for five years so
as to construct a panel dataset. The I
interview was conducted three times
a year; after harvest in February, at
the end of the dry season in May,
and after planting in September. In e T ST

the middle of the survey period, the N o™ Norther G;f/_'/ _
civil war in Cote d’lvoire took place ! _
unexpectedly in September 2002. (e cunesEent s T
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and village 4 on Figure 2) since they are known to hg{%]rﬁezens% %ﬁ'gteon remittance
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main market, influence of such factors need not be taken into account in the analyses.
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1 Among these eight villages, six villages (villages 1 and 2 in the northern Sudanian zone, villages 3 and 4
in the southern Sudanian zone, and villages 5 and 6 in the northern Guinean zone) are those where
ICRISAT (International Crop Research Institute for the Semi-Arid Tropics) conducted household survey
from 1980 to 1985. JIRCAS/UO chose them as the study site to see how they have changed in twenty
years.




Analytical Framework

Rural households in Burkina Faso are considered to have two kinds of covariate shock
as a result of the Ivorian crisis. One is an increase in household size because of accepting
returnees from Cote d’lvoire. The other is a decrease in household income due to the
suspension of remittance from Co6te d’lvoire. This paper assumes that these shocks are
exogenous to the households as they are caused by the Ivorian crisis. As a result,
household’s income per capita should decline due to the increase of household size and the
decrease of remittance and migration income. To cope with the shocks, rural households
will increase non-agricultural income, sell livestock, increase remittance from other sources,
and increase agricultural production in the short-run. If such efforts are successful,
household consumption per capita will not be affected, i.e., consumption is smoothed.
Therefore, the first objective of this paper is to examine if rural households in Burkina Faso
are insured against this kind of covariate shocks.

The analytical framework presented above can be expressed in the following
econometric model.

Ay = A (Riy, Gliy, Xy, Yy) (1)
Nis = N (Ris, Glsy, Xis, Ss, Yy) (2)
Lis = L (Ris, Glgy, Xis, Ss, Yy) 3)
GBis = G (Ris, Glgy, Xis, Ss, Yy) (4)

The sub-script i stands for household i, y stands for harvest-year y, and s stands for season s.
Harvest year starts from harvest season, then goes through dry season, and ends in planting
season. Season in the model corresponds those three seasons. Dependent variables are: A
is household’s total cropped area, N is the value of net non-agricultural income per capita
including both self-employment and non-agricultural employment, L is the value of net
livestock sales per capita, and GB is the value of remittance from those who living in Burkina
Faso. Since cropping is once a year, yearly data is used for equation (1), but otherwise
seasonal data is used as seasonal variations are large. All the values are deflated by local
food price index constructed by the survey data, and are in 2004 price. Among explanatory
variables, household level exogenous shocks are captured by the following two variables. R:
total number of returnees in a period (either a year or a season), and Gl: the real value of
remittance received from those who living in Cote d’lvoire in a year (in current season and
the previous two seasons). Explanatory variables include the vector of household’s
characteristics and assets (X) and the vector of harvest-year and season dummies (S and Y).

Then, as for the consumption smoothing, two models are considered. One is a reduced
form, which is the same as above:

Eis =E (Ris, G|Sy, Xis, SS, Yy) (5)

where E is the natural logarithm of real expenditure per capita divided by the poverty
line.>  The expenditure excludes durables, investment, and production inputs.
Table 1 Demographic Impact of the Ivorian Crisis

2 This poverty line is nor the official poverty line provided by Institut National de la Statistique et de la
Démographie (INSD) nor rural poverty line given by Deuxieme Programme National de Gestion des
Terroirs (PNGT 2), but rather is calculated following the method and data given in appendix of Savadogo
et al (2006). Hence, the poverty line is 2832 FCFA per month per capita in 2004 price. This is based on
the observed prices of a 2283 calorie food component and regional level estimate of the share of non-food
expenditure. Savadogo et al (2006) estimates 3487 FCFA per month per capita in 2004 price for the
national level rural poverty line.



Harvest Year Number of Working-Age Number of Working-Age Number of Household
Returnees in a Year Adults Members
2000/2001 0.49 (0.78) 4.24 (4.20) 11.6 (9.91)
2001/2002 0.67 (1.00) 4.53 (3.93) 12.0 (9.69)
2002/2003 (after the crisis) 1.27 (1.96) 5.66 (4.42) 13.6 (10.6)
2003/2004 (after the crisis) 1.40 (2.65) 6.01 (4.61) 14.2 (11.6)

The numbers are mean number of persons per household, and the standard deviations are in the parentheses.

Table 2 Impact of the Ivorian Crisis on Transfer

Harvest Year From Non-Household From Non-Household From Household Members
Members Living in Cote Members Living in Burkina Living Away from Home®
d’lvoire
2000/2001 254 (471) 89.7 (339) -34.1 (126)
2001/2002 239 (312) 36.9 (279) -38.2 (83.0)
2002/2003 (after the crisis) 208 (326) 64.7 (273) -24.7 (79.0)
2003/2004 (after the crisis) 172 (346) 76.2 (220) -16.3 (36.2)

The numbers are real value of net transfer per capita per month in FCFA, and the standard deviations are in the parentheses.
! They are living in Burkina Faso.

Results
Household Level Shocks and Poverty

First, the shocks are to be confirmed among sample households. Table 1 presents the
demographic changes before and after the Ivorian crisis. It is clear that after crisis a
household received more than one working-age (age between 16 and 60) adult on average
every year, and it
increased household size
significantly. Note that
the number of
working-age returnees is o

used as an exogenous 80 | \ \/ \/
shock variable because i /\ Y
N\ \X

Figure 3 Poverty Over Time
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which is another exogenous shock in this study, declined significantly after the crisis.



Table 3 Determinants of Household’s Total Cropped Area
Dependent Variable Total Cropped Area  Cropped Area per

Explanatory Variables (ha) Capita (10™ ha)
Exogenous Shocks
Transfer from Cote d’Ivoire* 0.75 (3.50) 3.64 (2.55)
Number of Working-Age Returnees® 0.70 (0.37) * 0.09 (0.12)
Household Assets
Real Value of Livestock Holdings per Capita 6.06 (3.16) * 3.43 (2.16)
Household Demographics
Household Size 0.23 (0.11) ** -0.03 (0.03)
Working-Age Male Rate (Number/HH size) -5.57 (4.22) -7.16 (3.03) **
Working-Age Female Rate (Number/HH size) -1.47 (3.75) 0.72 (2.27)
Number of Working-Age Deceased? -0.73 (0.78) 0.78 (0.46) *
Household Head's Characteristics
Change of the Sex during the Last 1 Year® 1.16 (1.07) -0.84 (1.11)
Household Head’s Age (10) -3.38 (2.95) -0.72 (0.74)
Household Head’s Age Squared (10%) 0.28 (0.32) 5.08 (5.40)
Household Human Capital
Adult Male Total Education Score* -9.80 (8.50) 6.21 (5.17)
Adult Female Total Education Score® 3.02 (5.03) 2.71(1.48) *
Adult Male Highest Education
Alphabetization of Local Language (dummy) 0.16 (0.98) -0.18 (0.96)
Primary School (dummy) -0.42 (1.51) -1.06 (0.86)
Secondary School or Higher (dummy) 2.15 (2.47) -2.36(141) *
Adult Female Highest Education Level
Alphabetization of Local Language (dummy) 2.65 (4.50) -0.09 (1.63)
Primary School (dummy) 0.40 (1.50) -0.08 (0.69)
Secondary School or Higher (dummy) 0.01 (2.25) 1.64 (2.11)
Harvest Year Dummies
Year 2001/02 0.42 (0.65) 0.44 (0.48)
Year 2002/03 -0.48 (0.64) -0.52 (0.42)
Year 2003/04 0.15 (0.61) 0.66 (0.50)
Constant 12.97 (7.07) * 7.80 (2.50)  ***
Number of Observations 62 hhs * 4 years 62 hhs * 4 years
R? 0.42 0.20
Hausman Test 30.1 0.0
Estimation Method fixed effect random effect
Standard errors are in parentheses. *, **, and *** indicate that the coefficient is estimated at significance level 10%, 5%, and 1%
respectively.

! Real value in 2004 price per capita per year; 2 Total number during the past 1 year; 3 Change from male to female takes 1,
change from female to male takes -1, and no change takes 0, respectively; * If he/she completed alphabetization the score is 1,
if he/she completed primary school the score is 2, and if his/her education level is higher than secondary school the score is 3.
Then total score is divided by household size to obtain Total Education Score.

On the other hand, net transfer from non-household members living in Burkina Faso
includes the cases within village, from near-by villages, and from cities in Burkina Faso, does
not show a clear trend. It may be because households try to increase transfer from those
people to cope with the reduction of transfer from Cote d’lvoire. Almost all the cases of
transfer from household members are within Burkina Faso, and as shown in the last column
of Table 2, sample households are net givers on average. But the amount of net giving



declined after the crisis although it is much smaller than that received from non-household
members. From Tables 1 and 2, it is clear that the Ivorian crisis has caused shocks to rural
households in Burkina Faso.

Did the shock affect households’ welfare? Figure 3 shows the trend of average real
expenditure per capita per month in 2004 harvest season price. There are significant
seasonal and annual fluctuations, but the expenditure seems to be declining after the crisis,
namely since 2002 planting season.

As noted in footnote 2, poverty line estimated for the sample households is 2832 FCFA
per month per capita in 2004 price, and the sample households on average were always below
the poverty line. In fact, poverty headcount ratio is always quite high, ranging from 0.63 (in
2000 dry season) to 0.94 (2002 planting season), as shown in Figure 3. The headcount ratio
also shows significant seasonal and annual fluctuations, but there seems to be an increasing
trend over time. Hence, Figure 3 suggests that the lvorian crisis have increased poverty
among rural households in Burkina Faso.

In the next sections, the relationship between the shocks and the poverty will be
formally investigated.

Household Coping with Shock

As shocks due to the Ivorian crisis are really observed, the next question is how rural
households cope with them. To answer it, equations (1) — (4) are to be estimated. Table 3
is for household total cropped area. As expected, the number of working-age returnees has a
positive impact on the household cropped area; one-adult returnees increases 0.7 hectare of
area under cultivation. But the number of returnees does not change cropped area per capita.
On the other hand, transfer from Coéte d’lvoire does not have any significant effect on either
household total cropped area or cropped area per capita. It means that agricultural
production does not substitute for the reduction of remittance.

Table 4 shows the regression results for other coping behaviors.  First, the reduction of
remittance from Cote d’lvoire significantly increases non-agricultural income. Second,
working-age returnees urge households to obtain transfer within Burkina Faso. That is, both
non-agricultural income and domestic remittance are households’ coping strategies in the case
of the Ivorian crisis. But they work differently: while non-agricultural income is to
compensate the loss of transfer income, domestic remittance is used in the case of
demographic shock. On the other hand, livestock sales are not a response to such shocks,
probably because livestock price declined after the crisis. Moreover, there is little role of
human capital in those coping behavior, even in the case of non-agricultural income. It is
because most of the non-agricultural income is from informal, small-scale self-employment
like street vendors and vegetable production in the garden, which may not require a lot of
education.



Table 4 Determinants of Household’s Coping Behavior

Dependent Variable

Non-agricultural

Net Livestock

Transfer within

Explanatory Variables Net Income’ Sales' Burkina Faso®
Exogenous Shocks
Transfer from Cote d’Ivoire? -0.33(0.20) * 0.25 (0.38) -0.76 (0.79)
Working-Age Returnees Rate (Number/HH size) 0.46 (0.31) -0.28 (0.65) 4.27 (2.34) *
Household Assets
Real Value of Livestock Holdings per Capita 0.11 (0.13) 0.07 (0.42) 0.90 (0.75)
Crop Production in the Previous year® 0.23 (0.12) ** 0.15 (0.21) -0.04 (0.48)
Household Demographics
Household Size (10%) -0.95 (0.68) 0.19 (1.14) -3.94 (2.08) *
Working-Age Male Rate (Number/HH size) -0.06 (0.30) 0.13 (0.62) -0.55 (1.63)
Working-Age Female Rate (Number/HH size) -0.06 (0.25) -0.03 (0.50) 1.21 (1.20)
Working-Age Deceased Rate (Number/HH size) -0.73 (0.40) * 0.98 (3.42) 6.04 (6.31)
Household Head's Characteristics
Change of the Sex during the Last 1 Year* -0.44 (0.15) ** -0.25 (0.21) 2.09 (2.05)
Number of years of age gap, if it exists -0.55 (0.29) * 0.28 (0.28) 0.66 (1.48)
Household Human Capital
Adult Male Total Education Score® -0.09 (0.34) 1.65 (0.66) ** -0.04 (1.66)
Adult Female Total Education Score® 0.06 (0.05) -0.14 (0.18) 0.01 (0.64)
Adult Male Highest Education
Alphabetization of Local Language (dummy) 0.00 (0.08) 0.33(0.32) 0.13 (0.79)
Primary School (dummy) -0.01 (0.07) -0.20 (0.21) 0.28 (0.59)
Secondary School or Higher (dummy) -0.19 (0.17) -1.63 (1.00) 0.46 (0.88)
Adult Female Highest Education Level
Alphabetization of Local Language (dummy) -0.15 (0.14) -0.48 (0.46) -0.22 (1.08)
Primary School (dummy) 0.02 (0.05) -0.04 (0.16) 0.45 (0.53)
Secondary School or Higher (dummy) 0.06 (0.09) 0.03 (0.19) 4.82 (2.21) **
Harvest Year /Season Dummies
Year 2000/01 -0.23 (0.07) ** -0.02 (0.15) 0.77 (0.35) **
Year 2001/02 -0.13 (0.07) ** -0.12 (0.13) 1.21 (0.32) ***
Year 2002/03 -0.08 (0.06) -0.18 (0.14) 0.90 (0.28) **=*
Year 2003/04 -0.12 (0.07) * -0.17 (0.14) 0.72 (0.27) ***
Planting Season -0.06 (0.04) * -0.04 (0.07) -0.53 (0.25) **
Harvest Season -0.21 (0.03) ** 0.10 (0.08) -0.42 (0.26) *
Constant 0.42 (0.17) ** 0.33 (0.32) 1.17 (0.66) *
Number of Observations 62hhs * 12seasons  62hhs * 12seasons  62hhs * 12seasons
R? 0.17 0.08 0.11
Hausman Test 45.2 67.7 15.1
Estimation Method fixed effect fixed effect random effect

Standard errors are in parentheses. *, **, and *** indicate that the coefficient is estimated at significance level 10%, 5%, and 1%

respectively.

! Real value in 2004 price per capita Eer month (10* FCFA); 2 Total amount of remittance received per capita in real value

during the last one year (10* FCFA);

rainfall in the previous year (10° ha*mm); * See footnote 3 of Table 3; ® See footnote 4 of Table 3.

The product of household’s cropped area per capita in the previous year and annual



Table 5 Determinants of Household Welfare (Reduced-form Models)

Dependent Variable

Expenditure’

Expenditure®

Expenditure’

Explanatory Variables Full Sample Asset-Poor? Asset-Rich?
Exogenous Shocks
Transfer from Cote d’Ivoire * 0.53(0.23) ** 1.11(0.51) ** 0.61(0.26) **
Working-Age Returnees Rate (Number/HH size) 0.07 (0.32) 0.09 (0.38) 0.32 (0.44)
Household Assets
Real Value of Livestock Holdings per Capita 0.20(0.11) * 0.29 (0.56) 0.05 (0.14)
Crop Production in the Previous Year® 0.25(0.08) *** (.21 (0.13) 0.20 (0.10) *
Household Demographics
Household Size (10?) 0.06 (0.33) -3.01(0.92) ***  -0.20(0.61)
Working-Age Male Rate (Number/HH size) 0.41 (0.28) 0.16 (0.40) -0.61 (0.40)
Working-Age Female Rate (Number/HH size) 0.80(0.24) *** 0.74(0.36) ** 0.50 (0.35)
Working-Age Deceased Rate (Number/HH size) 1.30 (0.67) * -0.25 (0.74) 1.86 (0.59) ***
Household Head's Characteristics
Male (dummy) 0.27 (0.13) ** 0.20(0.31) 1.24 (0.27) ***
Age (10%) -0.88 (0.53) ** -7.73(4.44) * 8.55 (2.00) ***
Age Squared (10%) 0.69 (0.42) 7.17(4.34) * -8.42 (1.87) ***
Household Human Capital
Adult Male Total Education Score® -0.19 (0.23) -1.15 (2.04) 0.13 (0.23)
Adult Female Total Education Score® 0.22 (0.07) *** 0.15(0.07) ** 0.71(0.38) *
Adult Male Highest Education
Alphabetization of Local Language (dummy) 0.11 (0.11) (dropped) 0.16 (0.35)
Primary School (dummy) 0.14 (0.08) * 0.18 (0.34) -0.05 (0.12)
Secondary School or Higher (dummy) 0.00 (0.12) 0.07 (0.57) 0.44 (0.13) **=
Adult Female Highest Education Level
Alphabetization of Local Language (dummy) 0.05 (0.12) (dropped) 0.00 (0.16)
Primary School (dummy) -0.04 (0.06) -0.06 (0.11) 0.12 (0.08)
Secondary School or Higher (dummy) -0.01 (0.15) -0.02 (0.19) (dropped)
Rainfall (10" mm) in the Previous Year 0.12 (0.03) *** 0.12(0.05) ** 0.11 (0.04) ***
Harvest Year /Season Dummies
Year 2000/01 0.17 (0.07) ** 0.17 (0.13) 0.09 (0.09)
Year 2001/02 -0.10 (0.05) ** -0.09 (0.07) -0.13 (0.06) **
Year 2002/03 0.16 (0.10) 0.23 (0.17) 0.10 (0.12)
Year 2003/04 -0.34 (0.05) *** -0.23(0.08) *** -0.33(0.07) ***
Planting Season -0.24 (0.04) *** -0.21(0.06) *** -0.24 (0.05) ***
Harvest Season -0.07 (0.03) ** -0.05(0.05) -0.05 (0.04)
Constant -1.44(0.33) *** (.61 (1.18) -4.08 (0.73) ***
Number of Observations 67hhs * 14seasons 30hhs * 14seasons 30hhs * 14seasons
R? 0.20 0.23 0.23
Hausman Test 24.0 38.9 1240
Estimation Method random effect fixed effect fixed effect

Standard errors are in parentheses. *, **, and *** indicate that the coefficient is estimated at significance level 10%, 5%, and 1%

respectively.

! The dependent variable is natural logarithm of real per capita expenditure per month divided by the poverty line; 2 Asset
poor households are those whose real livestock value per capita was less than 1,290 FCFA as of the harvest season of 2000,
and asset rich households owned more livestock than 1,290 FCFA; 3 Natural logarithm of household total real income per
capita per month except for that from own agricultural production (10* FCFA); * Total amount of remittance received per

capita in real value during the current period (10* FCFA); ® See footnote 3 of Table 4; ® See footnote 4 of Table 3.



Impact on Household Welfare

The important question is if the rural households smooth consumption by using the
coping strategies as analyzed above. In order to see the impact of the exogenous shocks on
household welfare, equation (5) is estimated. The results are presented in Table 5. The
regression is done using full sample and sub-samples respectively. The sub-samples are
asset-poor and asset-rich, which are obtained based on the initial livestock holdings (as of the
harvest season in 2000) because livestock is known to be an important asset to cope with
shocks in Burkina Faso. The Table clearly shows that the reduction of remittance from Cote
d’Ivoire significantly decreased household expenditure per capita. The impact is much
larger for the asset-poor households than the asset-rich household, as expected. However
the number of working-age returnees does not have a significant impact on household
expenditure. Moreover, both crop production and rainfall previous year significantly
increase household expenditure regardless of asset level. This implies that sample
households’ welfare significantly depends on agricultural production, which is affected
annual rainfall level. That is, they are subject to another covariate shock due to the rainfall.

Although education shows little role in coping behavior as discussed above, it has
certain influences on the consumption level. First of all, adult female’s total education score
has a positive significant effect on household per capita expenditure. This is observed both
in asset-poor households and in asset-rich households, but the impact is larger among
asset-rich group.  Second, a household has an adult male whose education level is secondary
school or higher, welfare level of such a household is significantly higher. But it is only in
the case of asset-rich households. That is, higher education level is more effective if assets
are available.

Conclusions

The civil war in Cote d’lvoire has caused an increase in household size due to returnees
and a decrease in remittance received in rural Burkina Faso. The impact of the two kinds of
shock on household’s coping behavior is investigated first. The number of working-age
returnees increases household cropped area and augments remittance received from those
who living in Burkina Faso. But it does not have a significant impact on non-agricultural
income. On the other hand, the reduction of transfer from Cote d’lvoire significantly
increases non-agricultural income, but has effect neither on household total cropped area nor
on remittance within Burkina Faso. However, livestock sales are found not to be a response
to such shocks. It means that agricultural production and remittance within Burkina Faso do
not substitute for the reduction of remittance from Céte d’lvoire, but rather are to cope with
demographic shock. On the other hand, rural households in Burkina Faso compensate the
loss of transfer income with non-agricultural income.

In spite of those coping behaviors, this study demonstrates that the households do not
fully smooth consumption against the reduction of remittance form Cote d’lvoire. The
impact is much larger for the asset-poor households than the asset-rich household, as
expected. And the significant fluctuation of household expenditure per capita due to the
variability of annual rainfall is observed regardless of asset level. On the other hand the
number of working-age returnees does not have a significant impact on household
expenditure.
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Longitudinal Monitoring Survey on the Growth and Nutritional Status of
Children in Zambia: Assessment of the Impact of Drought on the Health
and Nutritional Status of Children

Taro Yamauchi (Graduate School of Medicine, University of Tokyo)

Introduction

The nutritional status and growth and health status of children are useful indicators to
assess the ability of a population to adapt to the environment and the extent of this adaptation.
These indicators enable measurement and evaluation of the overall nutritional and health
status of young children. Additionally, they enable identification of subgroups of the child
population that are at increased risk of faltered growth, disease, impaired mental development,
and death.

There are several factors that influence the nutritional status of children, including
the poverty status of mothers and poor diet and environmental conditions of the households.
These factors can impair growth in children and result in decreased body weight or height.
Moreover, in addition to the cross-sectional survey, a long-term survey monitoring child
growth enables assessment of the impact of poverty and environmental destruction, as well as
the resilience of the population and that of the community residing in it.

This report presents a brief summary of the growth and nutritional status in Zambian
children; the data provided is based on the report of Living Conditions Monitoring Survey
(LCMS) 2004, with special focus on southern and eastern provinces of Zambia. Subsequently,
| propose a methodology for conducting a longitudinal survey that monitors child growth and
nutritional status in rural villages in the eastern and southern provinces of Zambia.

1. Overview of the child growth and nutritional status in Zambia based on the data from
Living Conditions Monitoring Survey (LCMS) 1991-2004

Currently, two types of datasets on the nutritional status of Zambian children are
available. They are derived from the national surveys: Zambia Demographic and Health
Survey (ZDHS) and Living Condition Monitoring Survey (LCMS). The latest report of the
individual survey published by ZDHS (ZDHS 2001-2002, Central Statistical Office 2003)
was in 2003 and that by LCMS (LCMS 2004, Central Statistical Office 2005) was in 2005. In
this article, more recent data (LCMS 2004) has been adopted to review the growth and
nutritional status of Zambian children.

The LCMS-2004 survey included anthropometric measurements of children under
the age of five for assessment of the nutritional status of children. Table 1 shows the
variations in the malnutrition indices of children (aged 3-59 months) in urban and rural areas



and in individual provinces. While similar variations were observed in underweight and
growth stunting among provinces; there were no variations in wasting. Overall, 50% of the
children aged between 3 and 59 months showed growth stunting, 20% were underweight, and
6% showed growth wasting.

Table 1. Incidence of stunting, underweight and wasting of children aged 3-59 months by
province, Zambia, 2004

Stunting Under—-weight Wasting

(%) (%) (%)
All Zambia 1,229,519 50 20 6
Province
Central 125,563 48 22 7
Copperbelt 159,141 44 16 4
Eastern 193,176 59 20 5
Luapula 121,740 64 26 4
Lusaka 132,731 40 18 8
Northern 172,851 55 25 6
North Western 77,470 49 19 10
Southern 162,858 40 16 6
Western 83,989 45 21 6

At the provincial level, there were significant variations in the nutritional status of
children. With regard to “stunting,” there was 40% stunting in the southern province, which
was identical to that observed in Lusaka and was the least among the 9 provinces. In contrast,
the stunting rate in the eastern province was 59%, which was the second highest among all the
provinces. A similar tendency was observed with regard to the “underweight” status: the
southern province had the lowest rate, while that in the eastern province had an intermediate
rate. In other words, at a provincial level, children in the southern provinces were relatively
taller and heavier as compared to the average height and weight, whereas those living in the
eastern provinces were shorter and lighter.

This tendency was observed to be consistent during the 6 surveys that were
conducted between 1991 and 2004 (Fig. 1). Except for 1996, the rate of “stunting” has been
higher than the average rate in the eastern province while it has been lower than average in the
southern province. The rate of “stunting” increased from 1991 to 2004, whereas the rate of the



“underweight” status tended to decline and that of “wasting” remained stable in this period
(Fig. 2).
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In summary, 50% of the children aged between 3 and 59 months showed growth
stunting (extremely short for their age), 20% were underweight (low weight for their age) and
6% showed growth wasting (low weight for their height). The stunting levels in the eastern



province are greater than the national average, while it was low in the southern province.
Overall, the nutritional status of Zambian children were considered poor because only 2.3%
of the children fell below —2 SD for each of the three indices including “stunting,” “wasting,”
and “underweight” in the reference population (WHO 1983, 1995). From 1991 to 2004, the
data from six cross-sectional surveys did not show any evidence of the impact of drought. A
village-level intensive longitudinal monitoring survey is required to assess the impact of
drought on the growth and nutritional status of children.

2. Longitudinal monitoring survey on growth and nutritional status

This survey aims to monitor the nutritional status of local villagers by measuring
their physical dimensions (e.g., height, weight, and so on) on a regular basis and in a
longitudinal manner in order to investigate the food shortage that occurs due to drought and
its impact on health and human security of locals living in villages in the eastern and southern
provinces of Zambia.

The study would involve all residents ranging from the infants to the elderly
individuals from two or three rural areas in the eastern and southern provinces. All
participants will be provided with detailed information regarding the procedures involved and
the purpose of conducting the survey, and informed consent will be obtained from all the
participants. The sample size in each province (comprising few villages) is expected to range
from several hundreds to a thousand.

1. Baseline survey

Japanese experts simultaneously conduct anthropometric measurements in the field
annually (Yamauchi 2007). Ideally, the measurements are performed on the same date or at
least in the same month.

Measurements:

1) Infants (aged 0-2 years, unable to stand-up independently): body length (in the lying
position), weight, and upper arm circumference (UAC).

2) Children (aged 2-18 years): height, weight, UAC, waist and hip circumferences, and
skinfold thickness (in the triceps and subscaplar regions).

3) Adults (aged >18 years): height, weight, UAC, waist and hip circumference, and skinfold
thickness (in the triceps and subscaplar regions).

2. Growth monitoring survey
Well-trained local health assistants conduct anthropometric examination according to

the standard protocol (Weiner and Lourie 1981) on a weekly or biweekly basis.
Measurements:



1) Infants (aged 0-2 years, unable to stand-up independently): body length (in the lying
position), weight, and upper arm circumference (UAC).

2) Children (aged 2-18 years): height, weight, and UAC.

3) Adults (aged >18 years): weight and UAC (The height of the adults is assumed to be
stable).

3. Indicators and analyses

The three standard indices of physical growth that describe the nutritional status of

children are defined as follows:

1. Height-for-age (chronic malnutrition)—Stunting

2. Weight-for-height (current malnutrition)—Wasting

3. Weight-for-age (chronic and current malnutrition)—Underweight

Stunting (Height-for-age) is a condition reflecting the cumulative effect of chronic
malnutrition. Wasting (Weight-for-height) is defined as failure to gain weight in relation to the
height. This can occur as a result of recent illness that causes a sudden loss of appetite and
subsequent loss of muscle and fat in a child. In fact, this is a short-term effect. Underweight
(Weight-for-age) is defined as low weight in relation to the age. It is a composite index for
weight-for-height and height-for-age; thus, it does not distinguish between acute malnutrition
(wasting) and chronic malnutrition (stunting). A child may be regarded as underweight for
his/her age because he/she shows growth stunting, growth wasting, or both. Therefore,
weight-for-age is a good overall indicator of the nutritional status of a population.

A number of indicators have been developed to express the various types of
malnutrition that affect growth of children. However, those selected for this survey are the
most commonly used indicators. According to the recommendations by the World Health
Organization (WHO 1983, 1995), the nutritional status of children will be compared with an
international reference population (Kuczmarski et al 2002) defined by the U.S. National
Center for Health Statistics (NCHS) and accepted by the U.S Center for Disease Control
(CDC).

4. Expected outcomes

-General nutritional status of children and adults as compared to the international reference
population.

-Growth retardation during seasons of drought and periods of food shortage.

-Inter-household variations in the nutritional status and growth level of children during both
normal and drought/food shortage periods.

-ldentification of high-risk gender and age groups.

-Associations between the coping strategies/socio-economic status of the household and the



nutritional status and growth of the child.
-Development of a national standard growth curve in Zambia.

5. Potential issues

-Building growth and nutritional status monitoring system

-Hiring and training of local health assistants

-Procurement of equipments for anthropometric measurements: stadiometer, scale, and
measuring tape (one each for a village)

-Batteries for digital scales (preferred to beam scales)

-The types of equipments used during ZDHS and/or LCMS?
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Framework for monitoring complex social vulnerability

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

As Chambers (1989: 3) said “coping strategies (of the poor) vary by region,
community, social group, household, gender, age, season and time in history”, the degree of
vulnerability also varies. Watts and Wolde Mariam tried to understand the complex structure
and causes of increased vulnerability in Northern Nigeria and Ethiopia respectively in a
regional and community level referring to historical backgrounds (Watts 1983; Watts and
Bohle 1993; Wolde Mariam 1986). In the study, Watts shows how capitalist development in
Northern Nigeria has weakened peasant household and increased their exposure to market
fluctuation. Wolde Mariam also demonstrates how Ethiopian peasant farmers are made
vulnerable to famine by the socio-economic and political forces. These studies show how
peasant farmers, as a social group have become vulnerable to famine or market development.

Swift (1989), on the other hand, focused on household and individual levels
vulnerability. He proposed new analysis of vulnerability based on a classification of assets
into investments, stores and claims, which successfully showed us the richness of households’
portfolios. African farming families mobilize it skillfully to deal with new and different
stresses and shocks. The concept of entitlement by Sen (1981) also has contributed to the
study of vulnerability of individual and household level. Many gender studies have revealed
that the vulnerability of women and children in a household is much severe than that of men.
And they note the necessity to see more carefully the intra-household power structure by
which women and children are deprived of access to land and assets.

This shows that different actors and groups, such as individuals, households, and
village societies have different processes of increased vulnerability. Each processes of
increased vulnerabilities have strong linkage although, the vulnerabilities of different actors
and groups have not increased coincide with each other, but rather they sometimes have
increased independently. In fact, different level’s vulnerabilities increase at the same time but
it sometimes happens that security of some people in a society have deteriorated while the
security of the society as a whole have improved.

So it is very important to see the social vulnerability differently by each level of groups,
such as individuals, households, and village societies. After scrutinized each level’s
vulnerability, we can get the total view of multi-layered disposition of vulnerabilities. At this
point, we can start to analyze the relationship between social vulnerability and ecological

vulnerability.
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Vulnerability and Coping Strategies in Africa:
Literature Review for Research in Zambia

Shiro Kodamaya (Graduate School of Social Sciences, Hototsubashi University)

This paper aims to review some previous studies on vulnerability and coping
strategies of communities in Sub-Saharan Africa, in order to acquire basic understanding of
theories and issues for the study of vulnerability and resilience of socio-ecological system.

Double impacts of climate change and economic globalization

Leichenko and O’Brien 2002 analyze double impacts of climate change and
economic globalization, with identifying winners and losers of the double process. Southern
Africa is not exceptional. Combination of environmental and economic changes is altering the
context under which farmers in southern Africa cope with climate variability (Leichenko and
O’Brien 2002, Eriksen et al. 2005). Southern Africa has been hit by drought more frequently
than it used to be. Although it is difficult to determine to what extent this was caused by
global climate change, environmental change did affect the context of farming and livelihood
of people in southern Africa. Since many countries of Sub-Saharan Africa introduced
economic liberalization policies such as liberalization of trade, in the 1990s, African
economies are more closely integrated into global economy and the impacts of economic
globalization have been felt more directly.

Vulnerability

Vulnerability is a concept that has been used in different research traditions, but there
is no consensus on its meaning (Gallopin 2006: 294).

Adger 2000 defines social vulnerability as the exposure of groups to stress as a result
of the impacts of environmental change. Social vulnerability in general encompasses
disruption to livelihoods and loss of security (Adger 2000). While Adger 2000 defines
vulnerability in terms of exposure to stress, later Adger in his review of approaches to
vulnerability to environmental change, he concludes that vulnerability is conceptualized as
being constituted by components that include exposure to perturbation, sensitivity to
perturbation, and the capacity to adapt (Adger 2006; Gallopin 2006). Watts & Bohle 1993
define vulnerability in terms of exposure, capacity and potentiality. Accordingly, the
prescriptive response to vulnerability is to reduce exposure, enhance coping capacity, and
strengthen recovery potential.

As Cutter 1996 contends the vast majority of wvulnerable studies take a
political-economic perspective and suggest a causal structure that concentrates on the
differential social impacts and abilities to cope with the crisis at hand. Adger 2006 also



maintains that one of the commonalities in vulnerability research in the environmental arena
is that vulnerability to environmental change does not exist in isolation from the wider
political economy of resource use.

Adger2006 categorizes two major research traditions in vulnerability: vulnerability
as lack of entitlements and vulnerability to natural hazards. The latter delineated into three
overlapping areas of human ecology/political ecology, natural hazards, and the “Pressure and
Release’ model.

Cutter 1996 concludes differently on intellectual traditions and by identifying three
distinct themes in vulnerability studies: vulnerability as risk/hazard exposure; vulnerability as
social response; and vulnerability of places. The first theme examines the source (or potential
exposure or risk) of biophysical or technological hazards. The second focuses on coping
responses including societal resistance and resilience to hazards. In the third perspective,
vulnerability is conceived as both a biophysical risk as well as a social response, but within a
specific areal domain.

Watts & Bohle 1993 define vulnerability by three processes — entitlement (or
economic capability), empowerment (political/social power) and political economy
(historical/structural class-based patterns of social reproduction). They suggest that the
intersection of these tripartite processes produces the social space of vulnerability (Watts &
Bohle 1993; Cutter 1996).

Coping Strategies

Eriksen et al. 2005 distinguish three aspects of coping strategies. Coping strategies
can be characterized as relating to production (agricultural and economic), social adjustments
(reciprocal economic exchange), and biological (changing the diet, reducing
consumption).(Eriksen et al. 2005:6)

The coping strategies of small-scale farmers vary between households and also over
time (Eriksen et al. 2005:6). Based on the comparative case studies of Kenyan and Tanzanian
villages, Eriksen et al. 2005 show that coping strategies have been different each time and in
each location (p.8).

Studies on Africa

The majority of the studies on vulnerability and coping strategies of the people in
Sub-Saharan Africa are related to drought and food security. Food insecurity and vulnerability
to food crises in Africa are the outcome of an interaction between environmental and
socioeconomic factors both in the long and short terms (Watts & Bohle 1993).

Bohle, Downing & Watts 1994 explain the social context of hunger and famine and
vulnerability to climate change in Zimbabwe by using the model developed in Watts and
Bohle 1993. The causal structure of vulnerability is embedded in the human ecology, political



economy and entitlement relations of post-independence Zimbabwe. The patterns of
vulnerability are due to: weak macroeconomic performance, inequitable land distribution, and
misdirected social policy.

Recurrent drought and structural adjustment, increasing monetization

Bohle et al. 1994 argue that in Zimbabwe, external shocks of recurrent drought in the
decade from the mid-1980s and structural adjustment have further stressed vulnerable groups
(Bohle, Downing & Watts 1994).

In the analysis of the drought coping strategies of Kenyan and Tanzanian farmers,
Eriksen et al. 2005 explain that cash income was an important attribute of most of the favored
principal coping activities of the farmers hit by drought. This was partly because the cost of
medical treatment, education and other social services was increasing, as a result of policy
changes at the national level related to cost recovery of social services, required to qualify for
IMF or World Bank assistance (Eriksen et al. 2005: 12).

Changes in macro-economic policy, particularly the structural adjustment programs
implemented over the last decade in many parts of Africa, have in some cases impacted
negatively o the rural poor. In Kenya the food-security situation has been made more
precarious by the effects of reduced subsidies to agricultural, educational and health services,
implemented as part of structural adjustment program (Sutherland et al. 1999). Sutherland et
al. 1999 also reveal that food security has been adversely affected by rising education and
health costs which were caused by reduction of subsidies. Money that could be spent on food
or agricultural inputs was used to pay costs associated with medical care and education.

Sutherland et al. 1999 indicate that in semi-arid eastern Kenya the pressure to sell
food crops in order to meet other cash needs is great and leaves many households vulnerable
(p. 366).

In many countries of Africa macroeconomic performance has been weak, which is a
factor causing the pattern of vulnerability.

Low food security level

Sutherland et al. 1999 in their study on Eastern Kenya identified three specific
aspects of household food security. One of the aspects is that, even in good years when most
households produce sufficient quantities of basic food crops, they still experience a hungry
period because they sell some cash for other needs.

Bohle, Downing & Watts 1994 indicate that only 10 to 20% of communal farmers
consistently produce a surplus in Zimbabwe. Kinsey et al. 1998 also report that farmers in
resettled areas in Zimbabwe can on average expect to experience a shortfall in home-produced
food every three or four years.

Eriksen et al. 2005 explain changes their case study villages undergone in their



economy. In one case study site, since the late 1970s households have increasingly purchased
staples in addition to growing food themselves. The per capita holding of livestock has fallen
dramatically. In both case study sites off-farm income is increasingly important.

Decreased number of livestock

Sutherland et al. 1999 revealed that in Kenya the removal of subsidized
government-operated veterinary services, as part of structural adjustment policies, increased
the risk of livestock mortality for smallholder farmers. Because livestock operate like a
savings account that buffers many households against the effects of drought and crop failure,
higher mortality rates further endangered their livelihoods.

Vulnerable groups

In the analysis of drought in Namibia, Devereux and Naeraa 1996 identified three
vulnerable socio-economic groups in Namibia: smallholder crop farmers, livestock rearers
and commercial farm workers (Devereux and Naeraa 1996).

In the study of drought and poverty in South Wolo, Ethiopia, Little et al. 2006 indicate

categories of poor and vulnerable households provided by local respondents:
® Households headed by elderly
® Landless and land-poor households
® Female-headed households
® Household without livestock and without labor
® Households who must share-crop out their farms
Coping strategies in African case studies

Eriksen et al. 2005, in their study on Kenyan and Tanzanian farmers, distinguish
three aspects of coping strategies. Coping strategies can be characterized as relating to
production (agricultural and economic), social adjustments (reciprocal economic exchange),
and biological (changing the diet, reducing consumption).(Eriksen et al. 2005:6)

Biological strategy or indirect entitlement-protecting strategies

Eriksen et al. 2005 identify biological strategy as one of the three coping strategies of
farmers in Kenya and Tanzania to drought. This includes changing the diet and reducing
consumption.

In the analysis of 1992 drought in Namibia, Devereux & Naeraa 1996 considers
indirect entitlement-protecting strategies that include dietary change, consumption rationing
and demographic adjustments at the household level. As one of the coping strategies of
households toward food shortages rationing of consumption and changes in diet are
immediate and universal responses. People ration voluntarily instead of selling their



productive assets, in order to protect their future entitlement to food (Corbett 1988; Devereux
& Naeraa 1996).

Also in 1999-2000 drought in South Wollo, Ethiopia, Little et al. 2008 reveal that in
many cases, households reduced consumption to two meals per day, ate smaller portions and
wild food.

Specialization and diversification

Eriksen et al. 2005 studied household coping strategies with drought at two sites in
Kenya and Tanzania. One of their findings is that households where an individual was able to
specialize in one favored activity in the context of overall diversification by the household,
were often less vulnerable than households where each individual is engaged in many
activities at low intensity.

An issue is how abilities to cope with the crisis such as drought are shaped and
materialized. Eriksen et al. 2005 reveal how lack of skill, labor and capital and social relations
can cause limited access to the favored coping options, thus making some households more
vulnerable. Specialization by an individual household member into one activity or a limited
number of intensive cash-yielding activities could potentially yield a better income than each
household member engaging in several marginal activities. However, high-value activities
required a particular skill or capital investment. This was compounded by social relations that
led to exclusion of certain groups, especially women, from carrying out favored activities
with sufficient intensity.

Sales of assets such as livestock

Devereux & Naeraa 1996 reveal in their analysis of 1992 drought in Namibia that
people had to sell some assets to buy food. Apart from livestock, many farming households
also sold some of their domestic possessions, including bicycles, radios, and cooking pots (p.
432).

Kinsey et al. 1998 show that, during the 1992 drought in Zimbabwe, over 60% of the
farmers in their panel data sold livestock to raise cash to buy food, and just under 40% of the
total amount raised came from livestock sales (p. 96). These household efforts were done in
addition to the state assistance under which more than 98% of the households received food in
19992-93.

For the 1999-2000 drought in Ethiopia, Little et al. 2006 report that their group
interviews showed livestock sales as the main drought coping mechanism for 90% of male
and 71% of female herd owners (p.210). The poorest households studied by Little et al.,
however, did their best to hold on to their very meager assets of livestock. These households
took other coping activities such as reducing food consumption in order to avoid selling their
few animals. In contrast, the wealthiest households experienced the steepest decline in



livestock during the drought. However, the wealthiest households were able to benefit from an
opportunity of post-drought boom in livestock prices by continuing to sell their livestock after
the drought.

Sutherland et al. 1999 argue that without appropriate interventions, crises in food
availability tend to inhibit household investment in agriculture. Productive assets may be sold
off in order to finance food purchases.

Relying on social relations

Social capital is integral to coping capacity (Devereux & Naeraa 1996: Eriksen et al.
2005: 3).

Little et al. 2006 show that in South Wollo, Ethiopia social relations based on kinship
are extremely important for many households, especially the poor. In their study sample loans
between kinsmen account for almost 50% of informal money borrowing. They find that levels
of material assistance between households actually decline during droughts. Better off
households are also hit during the droughts and often cannot help relatives as much as during
recovery years.

Devereux & Naeraa 1996 show for the 1992 drought in Namibia that among food
crop farmers there was a rise in informal transfers between relatives and neighbors. But
among livestock rearers informal transfers were limited. This was because the ‘rich’ people,
who could help their “poor’ relatives or neighbors with informal transfers, are very few among
livestock rearers. Remittances from relatives living in urban areas were also very limited,
because many people have lost their jobs due to a decline in the formal urban economy.

Changes in Zambia

In Zambia economic globalization has since the 1990s affected its national economy
more directly than before. This is caused by the shift in economic policies from state
controlled economy to more open, market-oriented economy through the introduction of
economic liberalization policies.

Liberalization of agricultural marketing is one of the areas which have affected the
rural economy. Liberalization has affected different areas differently. The state-controlled
marketing concentrated on the marketing of maize. Such areas as Eastern and Northern
Provinces expanded maize cultivation during the state-controlled marketing of maize during
the 1970s and 1980s, while areas like Gwembe Valley maize was not a major crop for the
majority of farmers.

Changes in vulnerability in Gwembe
This section summarizes some findings of Cliggett’s recent ethnography on Gwembe
people (Cliggett 2005). Cligggett’s study gives us an excellent account of historical changes



of farming, social institutions, and access to land and livestock among Gwembe people in the
past 40 years.
Increasing incidents of drought

The frequency of drought and hunger is increasing in Gwembe. In the past, two out
of every five years were good, and two were adequate; during the other year, crops failed
(Scudder 1985). In at least half of the past 25 years, Gwembe people have failed to produce
an adequate harvest for the year. In 1992, 1994, 1995 and 2002 the Gwembe Valley suffered
the worst four droughts on record (Cliggett 2005: 61).

Population growth

Before construction of Kariba Dam, the Gwembe population was estimated at 86,000
(Scudder 1962). Of these, 52,000 lived on the Zambian side of the river. By 1987 the Zambian
population of the Gwembe Valley was approximately 125,000 (Scudder and Habarad 1991
cited in Cliggett 2005).

Changes in farming practices

Before the forced relocation of the Gwembe Tonga people, the majority of the
population farmed on the alluvial soils of the Zambezi River. On portions of this land, both
dry- and rainy-season harvests were possible. Alluvial gardens on the riverbanks maintained
their fertility over time because of annual flooding. When the river communities were moved
from the alluvial plains, they were forced to rely on rain-fed agriculture, thus removing one of
the primary options for coping with drought (Cliggett 2005: 62).

Ox-drawn plows increased and allowed for cultivation of larger tracts of land. This
change in agricultural production hastened the decline of soil fertility and increased erosion
(Cliggett 2005: 62). In the 1950s, a few men began clearing bush areas so that they would
have larger fields, which they planned to plow with oxen. After relocation in 1959, the
preference for ox-drawn plows increased also because people were forced to rely more
heavily on cleared fields. Over the past four decades, men have continued to clear new fields
because of the decreasing fertility of the land originally cleared at resettlement. Gwembe
people do not use fertilizer on their fields.

Ritual institutions and community management of land

Many ritual activities and beliefs, such as neighborhood rain shrines and prophets,
were decreasing in popularity since the resettlement. These institutions had influenced the
communal management of land and agricultural practices. Resettlement to new areas
drastically changed people’s link to their land, resulting in decreased importance, and
effectiveness, of the ritual institutions and their leaders (Cliggett 2005: 62-63).




Changes in access to land

Whereas only men had rights to the large cleared fields (because they had done the
work of clearing), women as well as men had rights to the alluvial gardens (Colson 1966).
The growth in bush fields meant that men gained access to land that women had little chance
to inherit or clear on their own (Cliggett 2005).

Changes in inheritance and ties between father and son

In addition to increased reliance on large, rain-fed fields and an increasing tendency
to inherit from fathers, the growing reliance on cattle and plows for farming accentuated the
ties children have to their father. A father depends on children’s labor in his fields. In
exchange he gives them land and lets them use his plow and oxen for their own farming
(Cliggett 2005).

Changing importance of land and livestock

By the end of the 1970s and early 1980s, cattle ownership was the number one
source of wealth and desire for land was not so frequently an area of conflict. Village fields
have become less productive over time because of overuse and erosion. In this way, then,
rights over land in the Gwembe these days do not guarantee a secure, reliable, and sufficient
food base.

References

Adger, W.N. 2000, ‘Social and Ecological Resilience: Are they related?’ Progress in Human
Geography vol. 24, no.3, 347-364.

Adger, W.N. 2006, ‘Vulnerability’ Global Environmental Change, vol. 16, 268-281

Bohle, H.G,, Downing, T.E. & Watts, M.J. 1994 ‘Climate Change and Social Vulnerability:
Toward a sociology and geography of food insecurity’ Global Environmental Change, vol.4,
no.l, 37-48

Cliggett, Lisa 2005 Grains from Grass: Aging, Gender, and Famine in Rural Africa. Cornell
University Press, Ithaca and London.

Cutter, S.L. 1996 ‘Vulnerability to Environmental Hazards’ Progress in Human Geography
vol. 20, no.4, 529-539.

Devereux, S. & Naeraa, T. 1996 ‘Drought and Survival in Rural Namibia’ Journal of Southern
African Studies, vol. 22, no. 3

Eriksen, S., Brown, K. & Kelly, P.M. 2005 ‘The Dynamics of Vulnerability: Locating coping
strategies in Kenya and Tanzania’ Geographical Journal 171, 287-305.

Folke, C. ‘Resilence: The emergence of a perspective for social-ecological systems analyses’
Global Environmental Change, vol. 16, 253-267

Gallopin, G.C. 2006 ‘Linkages Between Vulnerability, Resilience, and Adaptive Capacity’



Global Environmental Change, vol. 16, 293-303.

Kinsey, B., Burger, K. & Gunning, W. 1998 ‘Coping with Drought in Zimbabwe: Survey
evidence on responses of rural households to risk” World Development, vol.26, no.1, 89-110
Little, P.D., Stone, M.P., Mogues, T., Castro, A.P. & Negatu, W. 2006 ‘’Moving in Place”:
Drought and poverty dynamics in South Wollo, Ethiopia’, Journal of Development Studies,
vol. 42, no.2, 200-225

O’Brien, K.L. & Leichenko, R.M. 2000 ‘Double Exposure: Assessing the impacts of climate
change within the context of economic globalization” Global Environmental Change, vol.10,
221-232

Sutherland, A.J., Irungu, J.W., Kang’ara, J. Muthamia, J. & Ouma, J. 1999 ‘Household Food
Security in Semi-arid Africa: The contribution of participatory adaptive research and
development to rural livelihoods in Eastern Kenya’ Food Policy 24, 363-390.

Watts, M.J. & Bohle, H.G. 1993 ‘The Space of Vulnerability: The causal structure of hunger
and famine’ Progress in Human Geography vol. 17, no.1, 43-67.



Outline of Theme-1V:
Integrated Analysis of Social and Ecological Systems

Mitsunori YOSHIMURA (Research Institute for Humanity and Nature)

The most serious environmental problem in Africa is high population pressure and aggravation of
ecosystem caused by the excessive land use. Most of cultivation crops in (SAT) semi arid tropics live
under the severe environmental condition. Therefore, many of them cannot be alive when desiccation
and a high temperature advance. After 1960’s, a drought disaster as a result of desiccation occurred in
many of African countries chronically. The cultivation crops seriously had decreased by this disaster. It
caused serious lack of food and starvation and also serious social problem in Africa. The frequent
drought disasters after 1960's were the same time as the first oil crisis. Mentioned two historical events
brought bad influences for African countries’ economical and political societies. Since these years, the
total precipitation decreased year by year. In many countries, the famine became a chronic serious
problem. Many countries became an aid recipient of food at the same time. Furthermore, the protracted
famine caused social uneasiness and government overturns had been occurred in some of these
countries.

From the mentioned background, theme IV decided some of sub-themes in order to understand an
environmental (environment in a wide meaning to include ecological system as well as a social
system) change to surround drought. Actually we challenge to know the environmental change with
different spatial and time scales and to integrate various kinds of environmental information with
different viewpoints. In theme 1V, we focus on the time from 1960’s to the present and on 1) Drought
mechanism and its influences as social problems, 2) Food security and social system for poverty and
the starvation, 3) Ecological system change, 4) Integration of social and ecological system with
regional scale as our proposes.

Following are the sub-theme’s descriptions and result of pre-research and analysis.



IV-1: Global Monitoring on Environmental Change
Tazu Saeki (Research Institute for Humanity and Nature)

1. Research objectives

Rainfall is an important factor to dominate environment in Zambia located in the semi-arid
tropics. In this sub-theme we investigate climatorogical/meteorological changes, in and
around Zambia from a view of two spatial scales, that is, a continental/country scale and a
provincial/district scale.

2. Outline of this research
In order to achieve the objective, we focus on two approaches:

1) Analysis of archived global meteorological data to identify typical meteorological
characteristics of Zambia and to investigate temporal and spatial rainfall variations in a
continental/country scale.

2) Compiling and analysis of ground-based rainfall data to get better understanding of rainfall
changes in a provincial/district scale and to identify “meteorological” drought period and
region.

3. Results in the pre-research year

Based on our feasibility study in the last fiscal year, we considered appropriate and
available global meteorological data for the analysis in terms of 1) a continental/country scale
and 2) a provincial/district scale as mentioned above.

3-1. Continental/country-scale analysis

Rainfall and its seasonality is an important factor for climate of Africa. Since there is no
large-scale mountain chain, topographic precipitation is not so effective. In a global view
variations of rainfall over equatorial Africa are strongly influenced by the Inter-Tropical
Convergence Zone (ITCZ) and Zaire Air Boundary (ZAB) (Scholes and Parsons,
1997). In addition to these two streams winds from the Indian Ocean flow is
another important factor in the southern part of Africa including Zambia. These
global-scale circulations determine African climate such as clear dry-rainy season.

Hence rainfall is influenced by large scale airstreams as mentioned above, analytical
research using global meteolorogical data have been made. For example study on
relationship between African rainfall and global atmospheric and oceanic variability such as
ENSO, the Southern Oscillation Index (SOI), and sea surface temperature (e.g. Shinoda and
Kawamura, 1994; Kadomura, 2005; Reason et al., 2005) and on high-resolution GCM over
Africa (e.g. Hudson and Jones, 2002; ).



Therefore global meteorological data sets are useful resources to investigate meteorological
variations in a continental/country scale. At present major institutes which provide global
gridded meteorological data sets are the US National Centers for Environmental Prediction
(NCEP), The European Centre for Medium-Range Weather Forecasts (ECMWEF), and the
Japan Meteorological Agency (JMA). They have performed their own operational analysis
data (products of their operational weather forecast system using data assimilation) and
reanalysis project (which produced by consistent system over some decades producing global
objective analysis dataset for over some decades in a consistent way using a weather
prediction data assimilation system) such as NCEP reanalysis, NCEP reanalysis 2, ERA-15,
ERA-40, and JRA-25. Spatial resolutions of these products are mostly 1.125 x 1.125 or 2.5
x 2.5 degree latitude-longitude grids. Time resolutions are twice or four times a day. Some
data sets are charged and some freely and some are not.

Figure 1 shows monthly rainfall over the African continent in January and July 1992 and
January1993 obtained from ERA-40 reanalysis (Uppla et al.; http://data.ecmwf.int/) at 2.5x2.5
grids. In January ITCZ located at the equator and brings rainfall over the Congo basin,
Lower Guinea. Zambia is also in the middle of rainy season. On the other hand strong rain
band spread over the Indian Ocean caused by southeast trade wind from the southern Indian
Ocean and and northeast seasonal wind from the northern Indian Ocean, and Zambia is also
affected by these circulations. ITCZ moves northward in April and the southern half of
Africa go into the dray season. Zambia is also dry as shown in Fig. 1. It is well known that
the 1991/92 cropping season in Zambia was hit by severe drought and the 1992/93 cropping
season was not. Comparing rainfall in January 1992 with that in 1993 in Fig. 1, spatial
change in rainfall is clearly seen in Zambia.

Addition to archived meteorological data sets, products from satellite remote sensing might
be also  useful. Global Precipitation ~ Climatology  Project  (GPCP,
http://www.gewex.org/gpcp.html) formed by the World Climate Research Programme
(WCRP) provides monthly mean climatological precipitation data by a 2.5x2.5 degree
latitude/longitude grid, averaged over the period from 1979 to 2000. CPC (Climate
Prediction Center) Merged Analysis of Precipitation (CMAP;
http://www.cpc.ncep.noaa.gov/products/global_precip/html/wpage.cmap.html ; Xie and Arkin,
1997) produces global precipitation on a 2.5 x 2.5 grid and extend back to 1979. In a
process to make both GPCP and CMAP datasets observations from rain gauges are merged
with precipitation estimates from several satellite-based algorithms. TRMM (The Tropical
Rainfall Measuring Mission and also a name of the satellite; JAXA,
http://www.eorc.jaxa.Jp/TRMM/index_e.htm ; NASA, http://trmm.gsfc.nasa.gov/ ) is
specially designed to monitor tropical rainfall and was launched in 1997. Based on TRMM
data combined with other information observed by rain gauge data and other satellite sensors,
various level product have been delivered. Spatial resolutions are 5 to 0.25 degree grid



according to the level. Figure 2 is a monthly rainfall in January 2005 obtained from TRMM
3B43 v.6 on 0.25 grid. During a preliminary field research in the last fiscal year we got an
information that the 2004/05 cropping season in Zambia was severe drought which is
comparable to that in 1991/92. Roughly to say rainfall patterns in Jan. 2005 seems to be
similar that in Jan. 1992 (drought period) in Fig.1 rather to Jan. 1993 (normal year). It might
be possible to identify characteristic precipitation and other meteorological patterns in
drought year in a continental/country scale using these data sets.

Some international programmes have been carried out to investigate African climate and
compile various kind of environmental information. Here we outline two programmes;
VACS and AMMA.

e VACS: Variability of the African Climate System
v http://www.clivar.org/organization/vacs/info.php

Jan 19892 Jul 1992 Jan 1993

ik 4
W 0 S 10 15 JOE JSE DOE JSE 40F 4SE S0f 5%

I EFEEELETET. “Tim \lu 19w Sm 6 S 1€ 1% 0 S5 NC I A 40 S0 4

Figure 1 Reanalyzed monthly rainfall (ERA-40) [mm/month] over Africa in
January 1992 (left), July 1991 (middle), and January 1993 (right).

Jan 2005

Figure 2 Satellite (TRMM) based monthly rainfall in [mm/month] January 2005.



v World Climate Research Programme (WCRP, http://wcrp.wmo.int/ ) carries
CLIVAR (Climate Variability and Predictability) programme since 1995 to seek to
develop predictions of climate variations on seasonal to centennial time scales, and
refine the estimates of anthropogenic climate change. CLIVAR/VACS is one of
regional panels which focuses on African climate.

e  AMMA: African Monsoon Multidisciplinary Analysis

v http://amma.mediasfrance.org/

v AMMA is a French initiative to accomplish multidisciplinary research on the West
African Monsoon (WAM) to improve prediction of WAM and estimate its impacts
on West African nations. The main components are: atmospheric dynamics,
continental water cycle, atmospheric chemistry, oceanic and continental surface
conditions.

3-2. Provincial/district-scale analysis

Agriculture in Zambia heavily depends on rainfall amount in rainy season. To monitor
rainfall change in a provincial/distinct scale, ground-based observations are essential. For
this purpose, we obtained some of rainfall data observed using rain gauges by Meteorological
Department of Zambia, Ministry of Communications and Transport. The department
operate 36 meteorological monitoring sites for meteorological elements such as temperature,
precipitation, evaporation, air pressure, sunshine, and cloud cover. Some sites have been
operated since 1950’s. Apart from decrepit measurement devices and question about data
consistency, the raing gauge data is variable in consideration that compiled meteorological
data are not so may in Zambia.

At present we have

e monthly rainfall at 36 sites from start year to 1991
e monthly rainfall at 23 sites from 1990 to 2001
e annual rainfall at 9 sites from 1993 to 2004.

Figure 3 shows annual rainfall at four sites in Central, Southern, and Eastern province i.e.
target regions of our project. In this figure “annual” rainfall is defined as the sum of
monthly rainfall from July in the year to June in the next year, according to rainy period in
Zambia. Source of monthly rainfall data is observations by Meteorological Department of
Zambia. Annual rainfall which has any missing value in monthly rainfall for the period was
not plotted.

As seen in fig. 3 annual rainfall at each sites are highly variable and show drastic annual
changes. Averaged annual rainfall are 994mm at Chipata, 972mm at Petauke, 827mm at
Lusaka, and 806mm at Choma, similar to a definition in “Agro-Ecological Zones in Zambia”;
are located in Region | (less than 800mm) and Ila (800-1000mm). It seems that annual
rainfall is decreasing after 1980, which should be confirmed by analyses of global



meteorological data described in the previous sub-section.

Precedence research in Zambian rainfall (e.g. Iwasaki and Shinoda, 1989; Sakaida, 1995)
identified that recent drought years were 1972/73, 1983/84, 1990/91, 1991/92. Though
interviewees of the preliminary field research in the last FY mentioned that 2004/5 was big
drought after 1991/92 drought, the 1994 rainfall show very low values at each site as seen in
fig. 3.

Figure 4 is spatial distributions of inter-/extra-polated averaged annual rainfall based on
observed sites during 1990°’s Right-side plate shows average of rainfall in 91 and 94 in
which low rainfall were observed, while left-side plate is average of the other 1990 values (i.
e. except 1991 and 1994 values). In normal years the rainfall is high in northwest area and
decreases towards southeast. On the other hand, in 1991 and 1994 distribution show
north-south gradient. Such a rainfall pettern in drought years may help what causes of
drought. Some research investigated that drought in southern Africa including Zambia is
wheather ENSO-depended or ENSO-independed (influence of variability in the neighbouring
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Figure 4 Spatial distributions of averaged annual rainfallin in 1990’s normal year (left)
and in 1991 and 1994 (right) .  Gray dots show location of monitoring sites.



Indian and Atlantic Oceans or in the subtropical and midlatitude Atlantic, or in local land
surface processes etc.) (Mason, 2001; Mulenga et al., 2003; Reason et al., 2004; Reason et al.,
2006). Further analysis will be required for whole rain gauge data with use of global
meteorological data.

4. Summary and future works
Preliminary survey on global meteorological data sets and satellite remote sensing products
show that :

e The data capture qualitative characteristics of African climate

e They can be useful resources to investigate continental/country-scale
meteorological variations in terms that these data sets cover the globe and keep
scientific continuity though their special resolutions are not so fine.

e As for charged data sets we have some kind of global 2.5 grid meteorological
data sets and 1.125 grids data in some limited region. To renewal of data sets
up to the present and/or to get 1.125 grid data over Africa may be useful.
Necessity of these data will be considered while analyzing exist data set in and
after the next fiscal year.

Preliminaly provincial/district-scale analysis indicate that:

e To clarify drought area, period and types in a provincial/district scale, it is
important to compile more rain gauge data in Zambia.

e The 1994/95 rainy season shows low rainfall while interviewees did not
mention it during the preliminary field research in 2005.

e During 1990’s the rainfall distribution in low-rainfall years (1991 and 1994)
differ from that in normal-rainfall (1990°s except 1991 and 1994).

e  Statistical analysis will be made on compiled rainfall data to achieve this
object.

e Continental/country-scale analysis may help for getting better understanding
on provincial/district-scale rainfall changes.

Obtained outcome will be shared with other themes and sub-themes to evaluate resilience
of social-ecological systems.

5. Research plan in the FY 2007 (FR1)
To get precise information about “meteorological” drought in Zambia we are planning to:
e  Collect ground-based rainfall and related meteorological data in Zambia
e Analyze global meteorological data and ground-based data in focus on Zambia and
identify drought area and period.
e Investigate a possibility of integration rainfall data with land cover data surveyed by the
theme 1V-2 as a first step to synthesize ecological data and social data.
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IV-2: Land Use Change and its Impact on Ecological System

Megumi Yamashita (Survey College of Kinki)
Mitsunori Yoshimura (Research Institute for Humanity and Nature)

1. Purpose

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. Human influences of environmental change will be
considered and compared with its results and historical and social background.

The first subject of this theme is to understand the situation of land cover and use
change caused by drought disaster and human activities after the independence.

2. Outline

For the achievement of above purpose, vegetation and land use/cover monitoring by
multi-scale and multi-temporal approaches is the basic analysis. As for the multi-scale and
multi-temporal spatial data infrastructure, remote sensing satellite imageries (Continental ~
Country ~ Regional ~ Provincial levels), the aerial photographs (local and plot levels), the
various kinds of existing maps (Topography, Climate, Vegetation type, Soil etc.) and GIS data
(Statistics, Elevation, Provincial boundaries etc.) will be obtained as required. The method of
monitoring vegetation and land use / cover will be established to understand the typical
seasonal change of vegetation distribution in country level and to identify the drastically
changed area of land use / cover in regional and provincial levels. After identifying the
specific area, the local level approaches will be started by using aerial photographs and the
gathered field information such as human activities and historical and social background.

3. Preliminary analyses for Vegetation / Land use and cover monitoring in Multi-scale

Vegetation and land cover/use monitoring in continental, country and regional levels
were carried out as preliminary analyses in order to confirm the possibility of the use of the
existing satellite imageries. For this examination, Terra and Aqua/MODIS (Moderate
Resolution Imaging Spectroradiometer) and Landsat/TM (Thematic Mapper) /ETM+
(Enhanced Thematic Mapper Plus) satellite imageries were used.

Terra and Aqua/MODIS have been observed the earth surface once or twice per day.
As one of the products of MODIS imageries, there is 500m 32-day Composites which are
generated to reduce the cloud areas with 500m grand resolution, so that these imageries are fit
to use the multi-temporal vegetation monitoring. Landsat/TM and ETM+ imageries around
Zambia are available in 3 or 4 times of 1970s, 1980s, 1990s and 2000s from the holdings of
Earth Science Data Interface (ESDI). Therefore, it might be able to understand the land use



and cover change over the period of 30years. Furthermore, the province/district boundaries
and 90m DEM (Digital Elevation Model) data are available as the geographical information.
All of the imageries and data can be downloaded through internet as free.

The following describes the contents of preliminary analyses.

1) Seasonal change pattern of vegetation coverage in whole Africa continent

Used data were the browse images of MODIS 500m 32days composites observed
from 2001 to 2005. The animation for one year (the start and end months are set as
Sep.14-Oct.15 and Aug.13-Sep.13 of next year) was generated for 4 vyears of
2001Sep.-2002Aug., 2002Sep.-2003Aug., 2003Sep.-2004Aug., and 2004Sep.-2005Aug
respectively. The greenness areas compared with four animations was moving from the
central area to the southern area until Feb.-Mar., and back to the central in May.-Jun. and then
moving to the northern area until Aug.-Sep. There is the time lag with about one or two
months between Solar Calendar and vegetation growth. The seasonal change pattern of
vegetation coverage can be visually understood in the continental level. Fig.1 shows the 2
times of MODIS images observed in 2003/Apr.7-May.8 (left) and 2003/Aug.13-Sep.13 (right)
as examples. The greenness area extends over the central Africa on both images. The left
image observed during the end of rainy season in Zambia shows much greenness in South
hemisphere area compared with the right image observed during the middle of dry season in
Zambia.

Lake Kariba

2003/Apr.7-May8 2003/Aug.13-Sep.13

Fig.1 Terra/MODIS images

2) Influence on vegetation coverage caused by drought disaster in whole Zambia
The drought occurred during the rainy season in 2004/2005, and the harvest was
decreased. Here, 3times MODIS imageries observed during the end of rainy season



(Apr.7-may8) in 2003, 2004 before drought and 2005 after drought disaster were used.
Normalized Difference Vegetation Index (NDVI) was calculated to understand the vegetation
coverage distribution. Generally, the higher value of NDVI shows the area covered with
higher density of vegetation. NDVI distribution was compared to among the 3 times. Both
NDVIs before drought in 2003 and 2004 were almost no changed. Fig.2 shows NDVI
distributions in the end of rainy seasons of 2004 and 2005. Vegetation area which has higher
values of NDVI extends through the almost whole Zambia before drought in 2004. On the
other hand, lower values of NDVI shown by the warm colors are widely shown in Southern
and Eastern Provinces after drought in 2005. MODIS 32days composites are very effective
multi-temporal imageries in order to know the influence on vegetation coverage caused by
drought disaster.
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Fig.2 Comparison of NDVI distribution before and after drought

3) Data preparation for land use and cover change analysis in provincial and district levels

Landsat /MSS/TM/ETM+ series are one of the most popular satellite imageries for
regional scale analysis and available through the internet recently. In this year, four scenes
which cover around Southern province were obtained in 1970s, 1990s and 2000s respectively.
Therefore, it might be able to grasp the situations of land use and cover by tracing back until
1970s by using these imageries. The geometric corrections are already done with the map
projection of UTM (Universal Transverse Mercator) zone35 for all the downloaded imageries
around Southern province. And also, the geometric location accuracy is very high, so that it is
able to overlay with the other satellite imageries and GIS data easily.

Fig.3 shows Landsat/ETM+ four scenes observed in 2000s and overlaid with GPS
tracks and interested points which were collected at field investigation. By using these
Landsat imageries and portable GPS, it is useful to understand the location and gather the
field information such as the types of land use/ cover, hearing investigation and photos etc.

Fig.4 shows the NDVI distribution calculated from Lnadsat/TM observed on



1990/3/1 of the rainy season and Landsat/ETM on 2001/12/20 of the beginning of rainy
season in whole Sinazongwe district. The left image taken on 1990/3/1 extends the higher
NDVI value area widely, on the other hand, the lower NDVI value areas are shown around the
lake Kariba and the lowland area on the right image taken on 2001/12/20. It is difficult to
compare both NDVI images directly because of the different season, however, possible to
understand the situation of land use and cover at each season.
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Fig.3 Landsat/ETM+ four scenes with GPS tracks around Lusaka and Southern province
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The existing maps are important information in order to understand the topographical
and geographical background. The topographical map with 1:50,000 scale and regional map
with 1:250,000 published by survey department are available in whole Zambia. And also there
are various thematic maps of Zambia. The following shows the list of obtained maps (Feb.
2007 present). These maps have been scanned and added the map projection coordinate, will
be provided with Geo Tiff format.

<< List of Regional, Topographic and the others Maps >>
Regional Map 1:250,000
1) ZS.31.Edition2 SE-35-4 KARIBA
2) ZS.31.Edition2 SE-35-6 LIVINGSTONE
3) ZS.31.Edition2 SE-35-7 SINAZONGWE
4) ZS.31.Editionl SD-36-10 KATETE
5) ZS.31.Edition1 SD-36-6 CHIPATA
6) ZS.31.Editionl SD-36-9 PETAUKE
7) ZS.31.Edition2 SD-35-15 LUSAKA (photocopy only, no scanning)
8) ZS.31.Edition1 SD-35-16 RUFUNSA (photocopy only, no scanning)
9) ZS.31.Edition1 SD-35-3 MONZE (photocopy only, no scanning)
10) ZS.31.Edition1 SD-35-2 CHOMA (photocopy only, no scanning)

Topographic Map 1:50,000
1) Series ZS.51, Sheet 1727A2, Edition 2-ZS 1994(Gwembe)
2) Series ZS.51, Sheet 1727A3, Edition 2-ZS 1994(Choma/Gwembe)
3) Series ZS.51, Sheet 1727B1, Edition 2-ZS 1996(Sinazongwe)
4) Series ZS.51, Sheet 1727B3, Edition 1-ZS 1993(Gwembe/Choma/Zimbabwe)




5) Series ZS.51, Sheet 1627C3, Edition 1-ZS 1973(Choma)
6) Series ZS.51, Sheet 1627C4, Edition 1-ZS 1984(Choma)
7) Series ZS.51, Sheet 1627D3, Edition 1-ZS 1985(Gwembe)

The others thematic map (1:500,000 to 1:3,000,000)
1) Vegetation Climate Map
2) Altitude 500,000 Map
3) Mtwara Development Corridor Map
4) Vegetation Soil Wegi District Map
5) Net Migration
6) Relief Drainage
7) Soil
8) Pre-Colonial Kingdom and Migration

4. Summery in FY2006
As the preliminary analysis for vegetation and land use/ cover change monitoring by
multi-scale and multi-temporal approaches, the followings were confirmed,;
1) It was possible to know the seasonal change of vegetation coverage pattern by
MODIS 32days composites imageries in continental and country levels.
2) The influence on vegetation coverage caused by drought could be understood by
NDVI distribution from MODIS data.
3) Landsat imageries downloaded from internet had the high location accuracy, so that it
is useful for gathering the field information by using portable GPS.
4) It is necessary to obtain Landsat imageries observed during both seasons of dry and
rainy seasons in the same year.

5. Planin FY2007
Sub-theme 11 is planning about the followings for the next steps.
Continental and County Levels;
® Generation of NDVI data set by all MODIS 32days composites imageries in whole
Africa in order to specify the seasonal changing pattern of vegetation coverage
® NDVI profiling around meteorological stations in Zambia and comparison with
monthly precipitation data
® To obtain NOAA/AVHRR NDVI Monthly composites before 2000 in order to
understand the influence on vegetation coverage by drought disaster in 1990’s
Provincial and district levels;
® To obtain Landsat /TM and ETM+ images observed in Dry season of 1990 and Rainy
season of 2002
® Searching the images observed in 1991/1992 and 1994/1995 when the precipitation



was decreased
@ To identify the area drastically changed Land use and cover in Sinazongwe district
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IVV-3: The Early Warning System and Food Security

Yukiko IHTSUKA (The International Peace Cooperation Headquarters, Cabinet Office)
Keiichiro MATSUMURA (Graduate School of Human and Environmental Studies, Kyoto University)

1. Main Aims of the research

In order to identify and clarify the crucial factors which are likely to lead the devastated
situation of food insecurity in Africa, this research will focus on the “early warning
system” of drought preparedness and food crisis. In particular, instead the early analysis
based on the conventional data collection, the alternative analysis that attempts to examine
the political and social causes of food insecurity seems to be one of the key factors to
understand the resilience of the rural society to food crisis.

2. Abstracts of the research

The purpose of this research is to analyse political and social elements which lead to food
crisis and social vulnerabilities in Africa, as well as to seek some potential correlation
between those elements and the local resilience in the rural society. The preliminary
research on current debates of food security in international societies reveals that it is
essential to identify the early warning indicators implying political and social elements of
food insecurity in addition to ecological indicators as initial causes of famine and food
crisis in sub-Sahara Africa. Moreover, in Zambia, we will investigate how the mechanism
and the indicators of the early warning system can be effective in scrutinizing resilience
framework of rural society which is fragile to the food insecurity.

3. What We have done this year?
Preliminary research on the Early Warning Systems provided by international
organizations and African countries

As a preliminary research, we have focused on the early warning systems provided by
international organizations (such as FAO and WFP) and African countries (see Figurel).
Exploring causes of vulnerability to famine and food shortage in rural areas over Africa,
the implementation of achieving food security generally imply the three types of
frameworks; emergency relief aid, rural development assistance, and early warning
system (FAO, 2005). In the research, it is largely notable to focus on the role of the early
warning system which can provide its role of prevention, preparedness, response toward
famine and food crisis. Thus, ensuring food security for rural people seems to be
equivalent to pursuing their individual human security which consists of district and



national level of human security.

International society has established several early warning systems so far, including
HEWS (Humanitarian Early Warning System) for food aid distributed by WFP, FEWS
(famine Early Warning Systems Network) for development aid supported by U.S.
government, and GIEWS (Global Information Early Warning System) for disaster aid by
FAO. Particularly, FAO has a big effort in taking new approach called “Twin Track
Approach (TTA)” which justifies the interaction of functions of food security.
Furthermore, international donors support developing countries to correctly operate
endemic early warning systems, including Ethiopia, applying their expertise at both
institutional and individual level.

Early Warning Systems provided by international donors

GIEWS
FIVIMS

)

WFP : HEWS

@Ethiopia : EWS

Twin Track
Approach

USAID : FEWS Net

.

WEP: HEWS ( Humanitarian Early Warning System ) for emergency food aid
USAID: FEWS ( Famine Eary Warning Systems Network ) for development aad by U.S.
FAO: GIEWS ( Global Information Early Waning System ) for disaster relief

Figurel Early Warning Systems provided by international donors

The Twin Track Approach has been recently provoked in the emergence of reviewing and
re-addressing the perceived challenges of food crisis. It is also aims to achieve the
sustainable growth of developmental interventions to poverty. Firstly, food crisis can be
seen as political by nature, because it might be occurred by the lack of national policy and
institutional capacity to implement the preventive programmes. Secondly, FAO is
changing their principle from “Seeds and Tools Approach” to “Crisis Management
Approach”, focusing concept, strategy and action of food crisis response. Lastly, enforcing
food security is getting first priority among Millennium Development Goals (MDGs)
agenda.

The TTA contributes to rebuilding the resilience framework in rural society, which results
in making existing early warning system more effective (Pingali and et.al, 2005). In other



words, discussing the two focal points would be helpful to percept the rural vulnerability
and to identify the elements of resilience framework (see Figure 2). On the one hand,
strengthening both productivity and incomes would positively help recovering measures
of rural livelihoods. On the other hand, granting direct access to food and social safety
nets could provide immediate support to vulnerable people. That is, the process of
reconsidering elements of the resilience framework would be one of the key factors to
provide more sufficient and sophisticated early warning system available to affected
people and international donors. In any protracted crisis, while these are new agendas for
FAQ, it is vital that they identify existing political and social factors and possible way to
overcome the current limitations of response mechanism.

Twim Track Approarch and Resilience Framework

New resilience framework includes political and social elements of TTA
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Figure 2 Twin Track Approach and Resilience Framework

As an initial case study of local early warning system in Africa, we have focused on the
case of Ethiopia, which has a relatively sophisticated mechanism and a long history of
early warning system among sub-Sahara Africa. It is obvious that Ethiopian government
and international organizations cooperatively assigns the highest priority to prevent
famine leading easily to food shortage in the drought-prone country (Disaster Prevention
and Preparedness Agency, 2004). Therefore, the disaster prevention and its management
have been facilitated in the two directions, relief aid and development assistance, when
they face the forcible situation of serious food insecurity. Simultaneously, disaster
reduction programmes are designed to address the causes of poverty, which in turn is the
underlying causes of vulnerability to disasters (Getachew, 2005). Moreover, Ethiopia has
tried to establish an effective early warning system to gather local information and to
analyse it for famine preparedness, at the level of nation, region, zone and Woreda



(district). In fact, the data collected by the district officers would be more reliable to
clarify the peculiar indicators of early warning analysing, being compared with the rough
data collected by international organizations, including FAO or WFP. Their approach to
analyse those indicators, however, is still mainly based on the conventional data collection
without paying much attention to political and social factors.

To promote establishing better functional early warning system in Ethiopia, the perception
of TTA would be an alternative strategies of addressing the causes of food insecurity. For
example, the elements of new resilience framework imply lacks of capacity in the
government and institutional faults could be political factors of food crisis, despite they
have the healthy ecological conditions of food production. On the top of that, nowadays,
the inflow of refugees into disaster-affected areas would be considered as a destructive
trigger of facilitating food shortage in Africa.

4. Outcomes and Further Challenges

The preliminary research on international organizations related to agriculture and food aid
reveals that they has a common understanding of the noticeable significance of the early
warning system to perceive political and social causes of food crisis in famine-prone areas
such as sub-Sahara Africa. In fact, those organisations have tried to provide their own
efficient system and new concepts with international policy-makers and program-makers
of food aid.

However, in the current context of the complex insecurity situation in which local people
would be forced to be out of access to food, not only ecological conditions but also
political and social conditions required as triggers provoking food crisis need to be closely
considered. In fact, the actual early warning system in Ethiopia, which has a relatively
good reputation among African countries, has not successfully adopted the political and
social indicators as suggested by international organizations.

In other words, given that the rural societies in sub-Sahara Africa is likely to be affected
by social system they have, it requires the further researches on the socio-political
institutions at the local community level as well as the national policy level. In addition,
new elements of food security in poverty-eradication efforts, including the African
countries and international organizations, should be examined more in detail as potential
indicators of early warning system and resilience framework of rural society to food crisis.

5. Research Proposal



Theme:
“Political and social factors of famine and food crisis in rural Africa
: a multi-level analysis on early warning indicators of food insecurity”

Aims:
The research will positively identify and estimate political and social causes of food
insecurity, analysing indicators of early warning system in sub-Sahara Africa, especially in
Zambia, in terms of the national policy level as well as local community level, which
might imply essential influences to vulnerability and resilience in rural societies.

Contents:

Political and social elements consisting the resilience framework of rural society will be
identified and examined by documentation research analysing the indicators of early
warning systems of the several African countries vulnerable to food crisis. In particular,
the field research in Zambia also contributes to discovering some social elements of
resilience in rural communities, which would be unique and unexpected, referring to those
indicators possibly related to national and international policy of food security. The
research will have the following focal points.

A. Categories of indicators of early warning system implemented in Africa

- What are considered as initial (early) indicators of early warning analyzing (eg.
Ecological conditions) in African countries?

- What kinds of risk factors are now adopted by African countries as important
elements aggregating the food insecurity?

- What difficulties are pointed out to expect the outcomes (late indicators) by
analysing social and political indicators?

- Which indicators would be much related to social factors of food insecurity?

B. National and international policy of food security in Zambia
- What is the national principle and policy of food security in Zambia?
- How international organizations, like WFP, FAO, USAID and WB, intervene the
rural development? What is the mainstreaming agenda among them?
- How the national and international agencies can be interacted?
- How the above policy and implement can give any impact (food aid, development
policy, early warning system) on rural society?

C. Local practices and social elements of resilience in rural Zambia
- What kinds of social structure of local communities are established for food crisis?




What is considered as indicators of food crisis by people?

What kinds of endemic customs and skills to survive are practiced among the local
people?

How is the situation of rural development and food aid in rural Zambia?

Which social elements of resilience framework in rural Zambia can be identified,
focusing on the relationship with national and international policies of food security?



IV-4: District Level Analysis of Drought Responses and Resilience Index

Chieko Umetsu (Research Institute for Humanity and Nature)
Lekprichakul Thamana (Research Institute for Humanity and Nature)
Takeshi Sakurai (Policy Research Institute)

1. Purpose of Research

District level analysis is playing an important role in decision making by policy makers,
international organizations and NGOs for identifying target areas and population for planning
and implementing relief programs. However, the statistical information at the district level in
Zambia is quite insufficient. The purpose of the research in this sub-theme is to analyze
regional differences on drought shocks and responses by utilizing official statistical
information of Zambia, information provided by other project themes together with our
large-scale surveys. The final goal is to integrate the climatological, ecological, and
socio-economic information with geographical information for identifying policies for
enhancing resilience in the region.

2. Outline of Research

1) District level statistical data on socio-economic indicators, agricultural production and
grain prices are collected from Central Statistical Office (CSO) and Department of
Agriculture; 2) Crop Forecast Survey (CFS) and Post Harvest Survey (PHS) of 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.

3. Research activities in FY2006

In this FY2006, we focused on the following issues. We identified statistical information
available at CSO; conducted preliminary analysis for the impact of 2004/2005 Drought on
Zambia’s agricultural production; and planned for the large-scale household survey in Eastern
and Southern Province.

3-1. Statistical information available in Zambia

CSO conducts various surveys in Zambia with different time intervals. CSO has provincial
HQs and enumerators are trained and employed for various CSO surveys. The main work of
District Agricultural Coordination Office (DACO) also includes implementation of CFS and
PHS.



Crop Forecast Survey (CFS; annual):

Usually CSO conducts CFS in April-June for about 8000 households throughout Zambia. This
annual survey is purposed to provide information of the level of domestic food crop
production and used by the government to forecast the necessary amount of food crop import.
Ministry of Agriculture and Cooperatives is the primary agent in this survey.

Post Harvest Survey (PHS; annual):

Usually CSO conducts PHS in October. The year 2000 PHS was conducted with new
framework. Each district has 3-5 standard enumeration areas (SEAs) and 20 households per
SEA are selected for the survey. Although SEA remains the same for some years, every year
they select new households within SEA. The same households are selected for CFS and PHS.

Supplemental Survey by MSU/USAID:

Food Security Research Project (FSRP) of Michigan State University (MSU) and United
States Agency for International Development (USAID) conducts supplemental survey (2001,
2004, 2007 planned) for the year 2000 PHS sample households. This survey is focused on
post-harvest activities and other non-farm incomes.

Living Condition Monitoring Survey (LCMS; every 2 years):

Sample size: 10,000 households (1998), 15,000 households (2002-2003), 20,000 households
(2004)

Households in LCMS are categorized into i) non-agriculture, ii) large (commercial) farm, iii)
medium farm, iv) small farm, which categorization is different from agricultural census. The
LCMS includes consumption data which has a potential for useful analysis for our project.
-Priority Survey (1991, 1993)

-Living Condition Monitoring Survey (1996, 1998)

-Census of Population and Housing (1969, 1980, 1990, 2000, 2010)

-Living Condition Monitoring Survey (November 2002-Oct 2003: 12 months longitudinal
survey)

-Living Condition Monitoring Survey (December 2004: 1 month cross-section)

-Living Condition Monitoring Survey (November-December 2006)

National Census (every 10 years):

-1969 Population and Housing Census of Zambia

-1980 Population and Housing Census of Zambia

-Zambia Census of Population and Housing and Agriculture 1990
-Zambia 2000 Census of Population and Housing

3-2. Preliminary analysis for the impact of 2004/2005 Drought on Zambia’s agricultural
production



Based on 2003/2004 PHS and 2004/2005 PHS conducted by CSO, the Zambia’s
agricultural production during the 2004/2005 drought was analyzed (please see Thamana
2007 in this report). Chief purpose of this examination is to understand the picture of the
drought episode of 2004/2005 from the statistical numbers.

Agriculture is an important sector in Zambia. Its contribution to GDP of 14.2 percent is
only second to wholesale and retail trade of 18.3 percent (CSO, 2006). Among the real sector,
however, agriculture is by far the biggest real sector in Zambia. It is estimated that livelihood
of 75 percent of population directly or indirectly depends on the agricultural sector
(FAO/WEFP, 2006). According to PHS, production of staple crops which include maize, millet,
sorghum and rice dropped by 22 percent. The decline was due mainly to drought effects on
production of maize which is the main staple food and accounted for more than 90 percent of
cereal production.

Zambian agriculture has two important characteristics. First, agricultural system has
dualistic sub-sectors, a mixture of small land holders and large to very large scale corporate
farmers. While 85 percent of the total farming households hold less than 5 hectares of land
and use simple and somewhat primitive production technology, about 10 percent of them
cultivate 20-150 hectares of land and use mechanized farming techniques. Secondly, the vast
majority of farmers are heavily dependent on rain-fed farming. Their livelihoods are
especially vulnerable to drought which unfortunately has become more frequent during the
past two decades.

In the past 16 years from 1990 to 2005, Zambia experienced six droughts in 1991/1992,
1994/1995, 1997/1998, 2000/2001, 2001/2002 and 2004/2005. While the 1991/1992 drought
is continental, the 2004/2005 drought is local. Maize production failures in 2005 were
estimated at 740,000 metric tonnes (MT), the biggest production losses in recent history.
Maize failures in the 1992 drought stood at 730,000 MT, only about 10,000 MT less crop
losses than that in 2005. As far as assessment of severity of drought is concerned, magnitude
of crop loss alone can be a misleading indicator especially when planted area significantly
differs. Such is the case for the two drought episodes. In 1992, farmers planted maize on
660,000 hectares of land, whereas 875,000 hectares of maize crop was grown in 2005, a 30
percent more maize land exposed to climate variability over the 1992. Roughly, a 10 percent
increase (decrease) in maize yield will result in approximately 7 percent decrease (increase) in
maize price.

The southern and eastern provinces are key players in Zambia’s agricultural sector. About
40-50 percent of planted land and 35-45 percent of all agricultural production are from these
two provinces despite being drought prone areas. In 2003/2004 season, the pair contributed 50
percent of maize and cereal productions. About 90 percent of cereal land in the southern and
eastern provinces was devoted to maize production and the remaining 10 percent for millet,
sorghum and rice. The percentage yield losses of sorghum and millets were significantly
higher than maize during drought in the southern region, according to the aggregation of PHS
data. Whether this odd pattern of production failure among dried weather tolerant crops like



millet and sorghum and water-hungry crop like maize actually occurred is not verifiable from
the data in the existing survey. More field research is needed to uncover possible explanations
for this unusual occurrence. In Southern province, cereal crop share of land dropped from 80
percent in 2003/2004 to 70 percent in 2004/2005. Farmers in southern province reportedly are
engaged in petty trade more intensely than those in the eastern.

There are two key research questions to assess household and community resilience to
climatic shock: actual drought impacts on agricultural production and market and
measurement of household resilience. Resilience can be redefined as household coping
capability. Resilience can then be defined by degree of vulnerability. Many studies
operationally define vulnerability based on consumption shortfall. There are two main
methods of measuring resilience. The first is an ad hoc index method, and the second method
is based on welfare or consumption theory. Although the latter approach is still evolving,
assessing resilience of Zambian farming household by using consumption approach may be
recommended.

3-3. Large-scale household survey in Eastern and Southern Province

In order to obtain information in wider geographical areas of Eastern and Southern Provinces,
household survey is conducted during March-April 2007. The villages and households to be
surveyed are those surveyed in 2004/5 PHS in selected districts in the Eastern and Southern
Provinces of Zambia. The total size of the sample will be 1,180 households from 59 SEAs
spread over 8 districts (Eastern Province: Nyimba (4 SEAs), Petauke (14 SEASs), Katete (11
SEAs), Mambwe (3 SEAS); Southern Province: Monze (7 SEAs), Gwembe (2 SEAs), Choma
(8 SEAS), Sinazongwe (3 SEAS), Kalomo (7 SEAS)). This survey also collects anthropometric
information such as height, weight, and Mid-Upper Arm Circumference (MUAC) for children
under five.

4. Summary of Research and Forthcoming issues

We identified the characteristics of damages on agricultural production during 2004/2005
drought event using PHS. Maize production failures in 2005 were estimated at 740,000 MT,
the biggest production losses in recent history. The comparison between 1991/1992 drought
and 2004/2005 drought may be important by considering the socio-economic conditions in
two major drought events.

5. Research Plan for FY2007
i) Analysis of CSO statistics (LCMS and other CSO data when available)
i) Conduct household survey and preliminary analysis
iii) Compare 1991/1992 drought and 2004/2005 drought in agricultural production as
well as socio-economic and political environments.



Impact of 2004/2005 Drought on Zambia’s Agricultural Production: Preliminary Results

Thamana Lekprichakul
Research Institute for Humanity and Nature
Email: thamana@chikyu.ac.jp

This paper reports result of an examination of Zambia’s agricultural production from
the Post Harvest Survey of 2003/2004 and 2004/2005 agricultural seasons. The survey was
conducted annually by the Central Statistical Office (CSO). Chief purpose of this
examination is to understand the picture of the drought episode of 2004/2005 from the
statistical numbers. As a by product of this exercise, we are hoping identify areas that require
more research. This paper focused only on agricultural production as data on other aspects
were still incomplete. The project is still in the process of securing the complete set of data
from CSO.

The paper progresses in the following order. The next section will describe
significance of agricultural sector to Zambian economy. It will then follow by looking at
drought in the past 16 years since 1989/1990 to 2004/2005 planting seasons. Past drought
episodes will be compared and contrasted with the most recent one by focusing on their
impacts on crop failures. The third section will shift attention to drought situation at
provincial level by focusing on what happened in our study areas in southern and eastern
provinces. The fourth section will compare and contrast agricultural production in southern
and eastern provinces versus that of the rest of the country. The fifth section documents
farmers coping behavior. The paper concludes by identifying some key research questions
for theme IV in understanding household, community and regional response to climatic

variability.

The Agricultural Sector
Agriculture is an important sector in Zambia. Its contribution to GDP of 14.2 percent

is only second to wholesale and retail trade of 18.3 percent (CSO, 2006). Among the real
sector, however, agriculture is by far the biggest real sector in Zambia. It is estimated that
livelihood of 75 percent of population directly or indirectly depends on the agricultural sector
(FAO/WEFP, 2006). According to Zambia’s Central Statistical Office’s (CSO) report on
national income account, real production of agriculture, forestry and fisheries sector in 1994
constant price declined by 0.6 percent, a significant U-turn from the previous year in 2004
when Zambian agriculture, forestry, and fisheries sector registered a strong positive real

growth of 4.3 percent. The decrease was attributable to lower output by 4.0 percent in the



agriculture sub-sector. The poor harvest was a result of drought in 2004/2005 agricultural
season (CSO, 2006). That drought caused significant damages to major crops such as maize,
millet and sorghum. According to the Post Harvest Survey conducted by CSO, production of
staple crops which include maize, millet, sorghum and rice dropped by 22 percent from
1,134,319 tonnes in 2003/2004 to 884,575 tonnes in 2004/2005 planting season'. The
decline was due mainly to drought effects on production of maize which is the main staple
food and accounted for more than 90 percent of cereal production. Maize registered a drastic
decrease of 233,234 tonnes or about 22 percent from a year before. The widespread
production of maize even in the areas that are not appropriate for maize production was
historically encouraged by past governments through price distortion program (Chizuni,
1994).

Zambian agriculture has two important characteristics. First, agricultural system has
dualistic sub-sectors, a mixture of small land holders and large to very large scale corporate
farmers. While 85 percent of farming households holding less than 5 hectares of land and use
simple and somewhat primitive production technology, about 10 percent of large scale
farmers cultivate 20-150 hectares of land and use mechanized farming techniques. A dozen
of large corporate farms on more than 1,000 hectares of land using highly mechanized
production technique with hired labors and advanced irrigation system to grow maize and
cash crops. Maize productivity of the large scale and corporate farms is several times higher
than that of the small sized farmers. Yields of large farms are around 5-6 metric tonnes per
hectares (MT/Ha) while the national average yield during good harvest year during 1990-
2005 period is 1.84 metric tones/hectare. Secondly, irrigation system is limited and irrigable
crop land is largely occupied by large scale farmers and corporate farms. The vast majority
of farmers are heavily dependent on rain-fed farming. Their livelihoods are especially
vulnerable to drought which unfortunately has become more frequent occurrence during the

past two decades.

Drought Situation
In the past 16 years from 1990 to 2005, Zambia experienced six droughts in

1991/1992, 1994/1995, 1997/1998, 2000/2001, 2001/2002 and 2004/2005 (see Figure 1). On

average, droughts occur once every 2-3 years. There are some similarities and differences

1 CSO published different agricultural production estimates for 2004/2005 planting season. The estimates are
currently, at best, preliminary. The actual productions reported here are based on data from actual Post Harvest
Survey. The magnitude of the changes in planted area and productions are unusually large. Verification of the
validity of estimates is on going.



between the drought episode in 1991/1992 and that in 2004/2005. While the 1991/1992
drought is continental, the 2004/2005 drought is local. The 1991/1992 drought episode
completely affected the entire country of Zambia as well as other countries in the southern
Africa. Besides being a local drought, the 2004/2005 episode is partial. Many provinces
were affected but the Northern, part of Northwestern, Luapula and Copperbelt provinces were
spared .
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Figure 1: Maize Production, Expected Production and Planted Area, Zambia

Note: Highlights indicate drought year and distance between actual and expected production
measures crop losses.

Although the scope of those two drought episodes is different, the scale of production
losses is similar. Maize production failures in 2005 were estimated at 740,000 metric tonnes
(MT), the biggest production losses in recent history. Maize failures in the 1992 drought
stood at 730,000 MT, only about 10,000 MT less crop losses than that in 2005. As far as
assessment of severity of drought is concerned, magnitude of crop loss alone can be
misleading indicator especially when planted area significantly differs. Such is the case for
the two drought episodes. In 1992, farmers planted maize on 660,000 hectares of land,
whereas 875,000 hectares of maize crop was grown in 2005, a 30 percent more maize land
exposed to climate variability over the 1992.

In term of year-to-year change, maize land planted increased considerably by 285,000
hectare from 590, 000 hectares in 2003/2004 to 875,000 hectares in 2004/2005, an increase of
48 percent! There is no evidence of shifts in crop patterns. In fact, there appeared to be rapid



increase in cultivated land for a majority of other crops as well. The overall increase of
cultivated area in 2004/2005 was 46% over the 2003/2004 agricultural season. How and why
such dramatic increase of planted land for maize and other crops occurred within such a short

period of time are issues still under careful investigation.
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Figure 2: Maize Production Losses and Yield Losses, 1989/1990-2004/2005

Yield losses are better comparative measures of drought impact because the planted
lands are normalized to one. When yield loss is considered, however, the 1992 episode
remains the most severe drought in the past 16 years of Zambia agricultural history. In 1992,
the yield loss was 60 percent vis-a-vis 46 percent in 2005. The rate of land productivity loss
of the 2005 drought was comparable in magnitude to those in 2001 and 2002 with yield
losses of 43 and 44 percent for 2001 and 2002 respectively (see Figure 2). Arrows in Figure
2 point to the years in which severe droughts occurred.

In addition to examining the rate of crop losses, it is also crucial to investigate
drought impact on level of remaining food supply or food security. The 1991/1992 episode
of drought left the country with dangerously low maize supply. Production level of the
1991/1992 was about 40 percent of average production in good harvest years during the past
16 years. The maize production harvested in 2004/2005 was about 73 percent of the same
good-years average. The food need gaps were filled by imported maize. In 1991/1992,
Zambia imported maize for nearly 1 million tones whereas 270,000 tonnes of maize were

imported in 2004/2005. In response to the moderate shortfall of domestic maize supply,



maize price increased by nearly 60 percent from $150/MT in 2003/2004 to $236/MT in
2004/2005. The increase was the second largest in the past decade following the 66% price
rise in the 2000/2001 drought episode. Figure 4 shows inversed relationship between drought
impact and maize prices. Roughly, a 10 percent increase (decrease) in maize yield will result

in approximately 7 percent decrease (increase) in maize price.
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Figure 4: Drought Impact on Maize Price (Mill Price in Lusaka)
Source: Haggblade, (2006), for maize price data.
Table 1 shows production of cereal crops other than maize for each province. At first
glance, it may seem that the drought of 2004/2005 had little impact on production of rice,
sorghum and millets which are known to be more tolerant to dried weather condition than is

maize. Production of rice and millets fell by only 2 and 4 percent respectively. Sorghum



production, however, suffered a huge drop of nearly 50 percent from a year before. When
small drops in production of drought resistant crops were accompanied by a large increase in
planted land ranging from 28-55 percent (see Table 2), yield losses became substantial. Rice,
a relatively insignificant cereal crop in Zambia, experienced the smallest productivity loss of
28 percent. Yield loss of millet is slightly below that of maize at nearly 40 percent; sorghum
was the cereal crop most affected by drought at 60 percent. The higher yield losses among
drought resistant crops were unexpected and counter intuitive. More research is needed to
understand reasons underlying this unexpected phenomena. Overall, the Zambia
Vulnerability Assessment Committee estimated that 1.2 million people, approximately 10
percent of Zambia population, required food or cash assistance during the hunger period in
January to March 2006.

Table 1: Production of Maize, Millets, Sorghum and Rice at Provincial Level, 2003-2005 (‘000 MT)

Province Maize Millets Sorghum Rice
2004/05 2003/04] 2004/05| 2003/04| 2004/05| 2003/04| 2004/05 2003/04|
Central 122.1 207.1 1.2 1.8 1.4 3.4 0.0 0.2
Copperbelt 71.2 84.4 0.6 0.1 1.2 2.8 0.0 0.1
Eastern 196.6 296.7 0.7 0.7 1.1 18 3.7 5.2
Luapula 31.3 18.9 1.5 1.8 0.8 0.9 1.0 0.7
Lusaka 22.2 33.2 0.0 0.0 0.1 0.2 0.0 0.0
Northern 98.7 76.8 215 18.5 1.8 1.6 10.1 5.7
Northwestern 63.9 41.2 0.6 0.3 1.7 4.3 0.5 0.1
Southern 171.1 239.9 15 4.0 2.5 7.6 0.0
Western 44.2 56.3 3.8 5.6 4.3 6.9 1.7 53
Zambia 821.2 1,054.4 314 32.9 14.9 29.6 17.1 17.4

Source: PHS 2003/2004 and 2004/2005

Table 2: Chang and Percentage Change of Planted Area, Production and Yield of Cereal Crop

Crop Area Planted ('000 Ha) |Production ('000 MT)|  Yield (MT/Ha)
Change %| Change %| Change %
Maize 284.4 48.15 -233.2 -22.12 -0.85 -47.43
Millet 28.2 55.25 -1.5 -4.46 -0.25 -38.46
Sorghum 12.5 27.64 -14.7 -49.74 -0.40 -60.62
Rice 5.6 37.32 -0.3 -1.75 -0.33 -28.45

Source: PHS 2003/2004 and 2004/2005

Drought in the Southern and Eastern Provinces
The 2004/2005 season’s rainfall in the southern provinces was characterized by late

planting rains, below average quantities, and poor and erratic rainfall distribution. As for the
eastern province, rainfall pattern was slightly different. Heavy rain came at the start of

planting season and then followed by prolong dried spells in the latter part. Despite early



heavy rainfall, the amount of precipitation was below average level. As a result, water table
was at usually low level. Many wells and some boreholes dried up threatening the survival of

farmers and livestock.

Agricultural Production in Eastern and Southern Provinces
The southern and eastern provinces are key players in Zambia’s agricultural sector.

About 40-50 percent of planted land and 35-45 percent of all agricultural production are from
these two provinces despite being drought prone areas. More importantly, the southern and
eastern provinces are Zambia’s main suppliers of maize and other cereal crops. In 2003/2004
season, the pair contributed 50 percent of maize and cereal productions. Last year, in relation
to the rest of the country, the two were disproportionately affected by below normal level of
rainfall and, yet, they still maintained 40 percent contributions to the national cereal

production.

Table 3: Agricultural Production and Planted Area, Southern and Eastern Provinces vs. Other
Provinces, 2003/2004-2004/2005

Planted Area Production Yield
Crops S&E Other S&E Other S&E Other
Provinces | Provinces | Provinces | Provinces | Provinces | Provinces

2003/04
Cereal 328,467 373,375 555,842 578,477 1.69 1.55
Other crops 218,991 453,399 163,643 686,046 0.75 1.51

2004/05
Cereal 447,683 584,832 377,137 507,438 0.84 0.87
Other crops 327,126 280,941 167,903 186,005 0.51 0.66

Source: CSO, Post Harvest Survey 2003/2004 and 2004/2005.

Agricultural production in the dyad provinces has two distinct characteristics. Firstly,
flexibility of shifting crop pattern differs between the two regions. During the two periods
under study, the crop pattern in the two provinces was stable over time. Farmers in the
provincial pair allocated planted area in a 3:2 ratio between cereal and other crops, i.e. 60
percent of land for cereal production and 40 percent for production of cash and root crops.
In 2003/2004, farmers in

provinces other than the southern and eastern allocated approximately equal ratio to cereal

Crop distribution pattern in other provinces was more dynamic.

and other crops. In the next season, they oriented their production toward cereal crops with

70 percent cereal and 30 percent cash and other crops.



Why did farmers in the two regions behave the way they did? There may be many
probable explanations. One of those may lie in the two regions’ comparative advantages.
While the southern and eastern provinces are significantly more productive in producing
cereal (yield of 1.69 vs. 0.75 tonnes/hectare for cereal and other crops respectively), the rest
of the country were equally productive in producing either (see Table 3). During good
rainfall years, it is, therefore, reasonable for those other provinces to allocate roughly equal
share of land to either crop. However, in drought year, the farmers in other provinces would
be better off growing more cereal than growing other crops because those non-cereal crops
were more susceptible to drought. Based on this limited evidence, farmers in other region
could have suffered more cop losses if they did not shift their crop combinations. There is
not enough information to determine how decision about crop combination was made and
whether climatic expectations play any role in that decision. What we observed could have
happened by chance. However, if it was not, this limited evidence might have suggested that
Zambian farmers were rational and quite good at adjusting their crops to expected

environmental risks, given their limited resources.

B Maize [ Sorghum [ Millet M Rice

Figure 5: Distribution of Planted Land for Production of Cereal Crops,
Southern-Eastern Provinces versus the Rest of the Country, 2004/2005

Secondly, degree of diversification differs between the two regions. About 90 percent
of cereal land in the southern and eastern provinces was devoted to maize production and the
remaining 10 percent for millet, sorghum and rice. Maize remained the most popular cereal
crop in other provinces but farmers in those provinces allocated only 80 percent to maize and
the remainders for dried weather tolerant crops (see Figure 5). It is interesting to note that

other provinces appeared to have slight comparative advantage over the two provinces in



growing millet and sorghum. What roles productivity plays in crop diversifications are not
immediately clear. Conventional wisdom has it that farmers’ different attitudes toward risks
are considered an important factor explaining different diversifying behaviors. It would be a
challenge to quantify degree of risk aversion among different groups of farmers from the
existing datasets.

The percentage yield losses of sorghum and millets were significantly higher than
maize during drought in the southern and eastern region. While yield losses of sorghum and
millet were at 70 percent, productivity losses of maize was at only 50 percent (see Figure 6).
This peculiar phenomenon runs counter intuitive and appears to come mainly from the
southern province (see subsequent section). In other provinces, yield losses of millet and rice
were at 33 and 25 percent respectively, whereas failure rate of maize was at 45 percent which
is comparable to that of sorghum. It is worth noting that the odd pattern of production failure
among dried weather tolerant crops like millet and sorghum and water-hungry crop like
maize does not exist in this region. More field research is needed to uncover possible

explanations for this unusual occurrence.

Table 4: Production of Cereal Crops in Southern and Eastern Provinces vs. Others

Planted Area Production Yield
Crops S&E Other S&E Other S&E Other
Provinces  Provinces | Provinces Provinces | Provinces Provinces

2003/04
Maize 300 291 537 518 1.79 1.78
Sorghum 16 29 9 20 0.58 0.69
Rice 4 10 5 12 1.16 1.17
Millet 8 43 5 28 0.57 0.66

2004/05
Maize 409 466 368 454 0.90 0.97
Sorghum 21 37 4 11 0.18 0.30
Rice 5 15 4 13 0.70 0.88
Millet 13 66 2 29 0.17 0.44

Source: CSO, PHS 2003/2004 and 2004/2005.
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Figure 6: Percentage Yield Losses of Cereal Crops,
Southern and Eastern vs. Other Provinces, 2004/2005

Crop Production in Southern vs. Eastern Province
Crop patterns in 2004/2005 planting season in the southern and eastern province are

slightly different. While farmers in the southern allocated about 70 percent of their crop land
to cereal production and the remaining for cash and other crops, those in the eastern province
equally distributed their land between cereal and other crops. As a result, this more
diversified composition of crop portfolio enabled eastern province to be at a relatively better
position to deal with agricultural and environmental risks (see Figure 7). However, from
year to year change, crop portfolio composition of southern province appears to be changing.
Cereal crop share dropped from 80 percent in 2003/2004 to 70 percent in 2004/2005 (see
Figure 8). If his trend continues, more cash and other crops will be grown in the southern
province and, hence, a more diversified crop portfolio.

Maize is the most important crops in the two provinces. Despite playing relatively
less important role in the eastern province’s crop portfolio, more maize was grown in the
eastern than in the southern. About 60 percent of combined maize production in southern and
eastern province was grown in the eastern, and the remaining 40 percent was from the
southern province. However, the southern province was more productive than the eastern in
the production of maize to a large extent, i.e. yield of 2.03 vs. 1.63 MT/Ha for southern vs.
eastern province respectively. For other crops, there appeared to be no significant
productivity differentials between the two provinces. Rice production in the southern
province is an exemption. An increase in rice production was due to favorable rice price

(FAO/WEFP, 2006). Although rice productivity of southern farm was significantly higher



than the eastern, the southerners’ rice production remained too small to be meaningfully
compared with the easterners’. It is interesting to note that proportionately more of dried
weather tolerant crops such as millet and sorghum were grown in southern than in the eastern

province.

28%
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Figure 7: Distribution of Planted Area by Crops, Southern vs. Eastern Province, 2004/2005
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Figure 8: Share of Cereal Crop Land in Southern and Eastern Province

The southern province appeared to sustain marginally greater crop failures than did
the eastern during the 2004/2005 drought. The yield losses of cereal and maize production
were 54 and 47 percent for southern and eastern province respectively. However, the
southern suffered much greater yield losses of millets and sorghum at 75 vs. 40 percent in the
southern and eastern province respectively. A question remains as to what factors that might
possibly explain the yield-loss rate differentials in the drought resistant crops between those

two provinces.



Table 5: Area, Production and Yield by Crops, Southern vs. Eastern Province, 2003/04-2004/05

Crops Planted Area ('000 Ha) | Production ("000 MT) Yield (MT/Ha) Yield Loss (%)
Southern Eastern Southern Eastern Southern Eastern Southern Eastern

2003/04
Maize 118.0 181.5 239.9 296.7 2.03 1.63
Sorghum 13.1 3.1 7.6 1.8 0.58 0.59
Rice 0.0 45 0.0 5.2 1.16
Millet 6.9 1.5 4.0 0.7 0.58 0.50
Cereal 137.9 190.6 2515 304.4 1.82 1.60
Others 435 175.5 26.8 136.8 0.62 0.78

2004/05
Maize 182.5 226.3 171.1 196.6 0.94 0.87 -0.54 -0.47
Sorghum 174 3.2 2.5 1.1 0.15 0.34 -0.75 -0.43
Rice 0.0 5.3 0.0 3.7 243 0.69 -0.40
Millet 111 1.8 15 0.7 0.14 0.36 -0.76 -0.28
Cereal 211.0 236.7 175.2 202.0 0.83 0.85 -0.54 -0.47
Others 82.8 244.3 35.9 132.0 0.43 0.54 -0.30 -0.31

Source: CSO, PHS 2003/2004 and 2004/2005.

Household Response to Drought in Southern and Eastern Provinces
While average crop failure for the region for cereal production was about 50 percent,

many households experienced 100 percent crop losses. An early copying behavior of farmers
in eastern and southern provinces was engagement in petty trade. Farmers in southern
province reportedly engaged in petty trade more intensely than those in the eastern
(FAO/WEFP, 2006). Consumption of perceived inferior crop like cassava was common in the
southern province. When household food supply dwindled, farmers attempted to extend their
food stock by skipping meals from three to one or two a day. As household food stock ran
out, people in many parts of both provinces were reportedly surviving by eating green
mangos, and toxic root. Farmers who live near a forest made frequent visit to the forest to
look for wild foods and, in the process, competed with wild animals for dwindling food
sources. School children reportedly went to school in the morning without having breakfast
and brought home their left over rations. Some distressed farmers resorted to desperate

coping behavior such as stealing and prostitutions.

Further Research Questions
As a part of the Resilience Project, our focus is to assess household and community

resilience to climatic shock. There are two key research questions: actual drought impacts on
agricultural production and market and measurement of household resilience. These two
issues are closely related. Resilience can be redefined as household coping capability. The

stronger the ability of cope, the more resilience is the household. The household adaptability



to systemic risks is, in turn, a function of available assets, and the size of the shock. Our
study of household resilience can be metaphorically compared to study of car safety through
car crash test. The car safety features that protect drivers and passengers are to resilience and
the speed of car crash is to the magnitude of climatic shocks. The United States, as one of the
most affluent country in the world, was powerless to deal with climatic shock as big as the
hurricane Katrina.

The assessment of drought damages in this report is based on simple unconditional
estimates. Such estimates overstate the actual drought impact because other factors that
potentially affect production and correlate with drought are not controlled. There are several
economic approaches to obtain conditional estimates of drought impact. Given the nature of
data available in the Post Harvest Survey, the list includes production function when there is
single output, profit function for multiple outputs production function and distance function
method.

To measure household resilience, one must first give resilience an operational
definition. An opposite of resilience is vulnerability. They are not dichotomous but rather a
continuum of the same substance (see Figure 9). Resilience can then be defined by degree of
vulnerability. Economists view consumption as key element determining well being of an
individual. When consumption of an individual falls short of a minimum requirement level,
that individual is considered vulnerable. Many studies operationally define vulnerability

based on consumption shortfall.

- — — e — — i — — —. —_—
Extreme Vulnerability Reah&wce
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Figure 9: Conceptual Framework of Resilience as a Continuum of Degree of Vulnerability

There are two main methods of measuring resilience. The first is an ad hoc index
method. This method is based on no economic theory and simply identifies factors affecting
or correlating with vulnerability to generate a vulnerability index. Patnaik and Narayanan’s
(2005) study is one such example. The second method is based on welfare or consumption
theory. This camp defines vulnerability as expected consumption shortfall. The work of this
approach is still evolving. Some examples of this consumption approach to vulnerability are
Christiaensen and Boiswert (2000) and Ligon and Schechter (2002). The project will assess

resilience of Zambian farming household by using consumption approach.
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Abstract:

Tamil Nadu state, located in the southeastern part of Peninsular India receives most of its
rainfall during October through December which is referred to as Northeast monsoon
rainfall (NEMR). The onset and distribution of NEMR plays a crucial role on both
agriculture and economy of the Tamil Nadu State of Indian subcontinent. It is interesting
to note that Tamil Nadu Southwest monsoon rainfall (SWMR) received between June and
September months has positive correlation with SOI, while NEMR shows negative
correlation with SOI. A study was undertaken to investigate the relationship between
global tele-connection signals viz. EI-Nino- Southern Oscillation (ENSO) and Indian
Ocean Dipole (10D), and precipitation over Tamil Nadu during the northeast monsoon
season. The results indicated that NEMR of Tamil Nadu had the highest positive
correlation with Nino-3 SST for the month of July indicating that whenever there is a rise
in sea surface temperature in Nino-3 region, there is an increase in NEMR and vice-versa.
The results also indicated that under extreme negative July SOI condition Tamil Nadu
received 17.7 % more than the normal NEMR and that of the extreme positive condition
17.9 % less than the normal NEMR. To understand the relationship and/or local dynamic
structure, composites of circulation field for the extreme El Nino/La Nina years are
compared with the mean state. Composite circulation analysis clearly showed that in
extreme EI Nino years (SOI < -10) Bay of Bengal has a positive sea level pressure (SLP)
anomaly and Arabian sea has a negative SLP anomaly, which resulted in strong
northeasterly wind to the southern part of India. The strengthened Northeast monsoon
brings more moisture and precipitation to the Tamil Nadu region in the El Nino years.
The opposite case is also true. A strong negative anomaly is observed in the Bay of
Bengal during the La Nina years (SOI > 10), which resulted in weak NE monsoon.

Keywords : Northeast monsoon rainfall; India; EI-Nino- southern oscillation; Indian
Ocean Dipole

INTRODUCTION

Rainfall during the 4 months period of June to September is termed as the Indian
summer monsoon season in a general large-scale sense; however, the actual rainy period
differs widely over different parts of the Indian subcontinent. Over Tamil Nadu region,
located in the southeastern part of Peninsular India (Fig.1), the most important rainfall
season is autumn and winter. Rainfall during October through December over India is
referred to as Northeast monsoon rainfall (NEMR) when southwesterlies of summer
monsoon are replaced by northeasterlies.

The increase in rainfall activity over Coastal areas of Tamil Nadu, which takes
place in the middle of October, is generally considered as the 'setting in of the North-East
Monsoon'. The normal date of the onset of the monsoon onset is around October 20™



with a deviation of about a week on either side. It
plays a crucial role on both agriculture and economy
of the Tamil Nadu State of Indian subcontinent
( Srinivasan and Ramamurthy, 1973). As shown in
Figure 2, major rains of Tamil nadu is received
between September to December, hence, it is
important to understand the NEMR activity and to
investigate the relationship between global tele-
connection signals and precipitation over Tamil
Nadu during the northeast monsoon season.

There are large variations from place to place
and year to year in NEMR. According to Bhatnagar
(2003), the reason for the difference in rainfall from
place to place has become inherent because when the
monsoon system sets in, it brings in distributed
rainfall at different places: Distribution and the
amount of NEMR is influenced by various
parameters including EI-Nino- Southern Oscillation
(ENSO) and Indian Ocean Dipole (I0D). There are

Fig. 1 Geographic location of Tamil
Nadus state of India.

several studies, which have examined the
relation between Southern Oscillation Index
(SOI) and Indian summer monsoon rainfall
that occur between June and September months
(Sikka 1980; Rasmusson and Carpenter 1983; g 2000

Precipitation Climatology (1971-2000)
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Shukla and Paolino 1983; Parthasarathy and §‘5°°

Panth 1985; Ropelewski and Halpert 1989, 1000

Mooley 1997 and Krishna Kumar et al 1999). 500
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Fig. 2 Seasonal variation of precipitation

According to the previous studies
which investigated the relationship between
ENSO and global precipitation signals
(Ropelewski and Halpert 1987, 1989; Curtis et

climatology averaged for the 40 years (1961-
2000) over Tamil Nadu state and All India. Data
source is Indian Institute for Tropical
Meteorology (IITM, http://www.tropmet.res.in/)

al., 2001), most part of India has less (more)
rainfall during ENSO (La Nina) years. In contrast to this, the southernmost part of India
shows opposite signals which tends to have wet anomalies during the ENSO (SOI
negative) years.

Recent investigations on the relationship with SOI and Nino-3 SST on NEMR of
Tamil nadu concludes that the SOI is negatively correlated with NEMR in Tamil Nadu
(Geethalakshmi et al, 2005) and Nino-3 SST is positively correlated (Geethalakshmi et.al,
2003) which imply that autumn-winter precipitation over Tamil Nadu is influenced by the
global climatological signals. Recently, Zubair and Ropelewski (2006) pointed out the the
relationship between ENSO and NEMR is strengthening. Since length of growing period
and distribution of rainfall during Northeast monsoon season is important for agricultural
production over Tamil Nadu (Geethalakshmi, 2003), detailed analysis between global
signals to the local precipitaton is necessary for crop planning activities.

In the last decade of twentieth century, Indian summer Monsoon rainfall was
normal or above normal during the two major ENSO events witnessed (Kumar et al.,
1999), although it was widely recognized that less summer monsoon rainfall tended to be
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observed during the ENSO years. Therefore, it is necessary to investigate the relationship
between ENSO and precipitation over Tamil Nadu from a long-term point of view.
Recently, Indian Ocean Dipole (IOD) has been catalogued as one of the major
ocean-atmosphere coupled phenomena in the tropical Indo Pacific sector (Saji et al., 1999,
Webster et al., 1999). In this paper an attempt is made to evaluate the influence of ENSO
and 10D on NEMR over Tamil Nadu region of India.
In terms of climate application study, localized or synoptic patterns those are
more directly related to the precipitation of Tamil Nadu is necessary. Here we also show
some composite charts of precipitation and water vapor flux those are compiled recently
as given below.

DATA

The sources of India and Tamil Nadu precipitation data sets used in this study are RMC,
Chennai for NEMR, (October - December) over Tamil Nadu and regional averaged
monthly precipitation dataset created by Indian Institute of Tropical Meteorology (11TM,
http://www.tropmet.res.in/). The Southern Oscillation Index (SOI) and Indian Ocean
Dipole (IOD) indices were compiled by the Bureau of Meteorology, Australia. The
period of the data sets of rainfall, 10D and SOI used for this study are 100 years (1901 -
2000). Sea Surface Temperature (SST) of five different regions viz., Nino3 (150W-90W,
5N-5S); Eastern box of Saji's dipole (50E-70E, 10S-10N); Western box of Saji's dipole
(90E-110E, 10S-EQq); Eastern box of Webster’s dipole (45E-55E, 5N-5S) and Western
box of Webster’s dipole (95E-105E,10S-Eq) were used in this study.

For composite analysis of precipitation anomalies, India Meteorological
Department (IMD) daily gridded precipitation (Rajeevan et al. 2005) was used. The two
meteorological reanalysis dataset compiled by the European Centre for Medium-range
Weather Forecasts, namely so-called ERAL5 (Gibson et al. 1997) and ERA40 (Uppala et
al. 2005) were also used in this study. The computational procedure of vertically
integrated precipitable water, moisture flux and its divergence of ERA15 (Figs. 3 and 4)
Is the same as that used in Yatagai (2003).

RESULTS
General Features

Figure 2 shows the seasonal change of monthly precipitation averaged for the year
1961-2000. Different from the most part of India, southern peninsular India get their
maximum rainfall during the northeast monsoon season. Conventionally, October to
December is treated as the northeast monsoon season over India, which is mainly
affecting the states of Tamil Nadu and Kerala. The rainfall over the Indian state of Tamil
Nadu during the months from October to December accounts for about 48% of the annual
rainfall in the region.

Large-scale hydrological conditions over India are shown in Fig. 3 (for July) and
in Fig. 4 (for November) to show both SW monsoon and NE monsoon characteristics. In
July, cross-equatorial moisture flow over the Arabian Sea brings moisture to the Indian
sub-continent. Moisture evaporated over the Arabian Sea brings moisture to the west
coast of India due to the westerly (or southwesterly) in lower troposphere. Two centers of
moisture flux convergence (negative divergence in Fig.3c) are observed, and these match
the maxima of precipitation (Fig. 3d). Tamil Nadu is located under the lee ward side of
the Western Ghats and hence, SWMR is not large. As a mean state, moisture from Bay of
Bengal brings precipitation to the northeastern part of India and Bangladesh, during SW
monsoon season.
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Fig. 3 Climatological mean (a) precipitable water (mm), (b) vertically integrated moisture

flux (mm m s-1), and (c) its divergence (mm/month) estimated by ERA15 for July.
Climatological precipitation (mm/month) given by CMAP is shown in (d).
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By contrast, lower dominant wind is northeasterly (or easterly) to the India in November
(Fig. 4), and total moisture around India and Bay of Bengal are much less than that in
July. In this season, surface pressure over the ocean is lower than that over the land.
Convection center locates not over land, but locates around the Maritime continent. Due
to the low pressure over south of India (cf. Fig.13 top/center), northeasterly from Bay of
Bengal brings moisture/precipitation to the Tamil Nadu state.

Probabilities of monthly rainfall of Tamil Nadu were worked out and presented in
Fig.5. The variability of rainfall was also higher during this period which creates many
problems in agricultural management. Therefore, it is important to know the pre-cursor
signals those have significant relationship to the NEMR of Tamil Nadu.

les of month

Figure 5. Probabilities of Monthly rainfall of Tamil Nadu India. Individual bar indicates
the variability of rainfall in term of rainfall quantity as well as probability of occurrence
of rainfall which ranges from 0 to 100 per cent. The topmost value in the bar indicates
the 0 % chance of occurrence and the bottom most value in the bar indicates 100%
chance of occurrence of rainfall quantity in that particular month. With respect to the
box within the bar, the topmost quantum of rainfall is expected with 20 % probability of
occurrence and the bottom most value in the box indicates 80 % chance of occurrence.
The horizontal line shown within the bar indicated the median rainfall i.e. 50% chance of
occurrence of rainfall.

Relationship between NEMR and El Nino/Southern Oscillation (ENSO)

As the major rainfall of Tamil Nadu is received in Northeast monsoon season, the
analysis was done for NEMR. Correlation coefficient between climate indices (SOI and
SST at different regions) of different months (January to September) and NEMR are
given in Table-1. The results exhibited that NEMR of Tamil Nadu had the highest
positive correlation with Nino-3 SST for the month of July indicating that whenever there
Is raise in sea surface temperature in Nino-3 region, there is an increase in NEMR and
vice-versa. There was also a significant negative correlation between SOI of summer
monsoon season (June-September) and NEMR in the sense that NEMR is higher during
negative SOI. These statistics show that in ElI Nino (La Nina) condition of boreal
summer season is related to the wet (dry) NEMR over Tamil Nadu.



Table 1. correlations between NEMR over Tamil Nadu and SOI, SST in different months. A
hundred year (1901-2000) data was used to compute the correlation coefficients.

Region

Particulars  (SST) Jan Feb Mar Apr May Jun Jul Aug Sep

SOl -0.064 -0.092 -0.111 -0.195* -0.210* 0.314** 0.384** 0.318** 0.375**
150W-90W,

Nino-3 5N-5S 0.209* 0.191 0.301** 0.326** 0.314** 0.321** 0.388** 0.334** 0.344**
50E-70E,

Saji-E 10S-10N 0.124  0.033  -0.023 0.017 0.067 0.203* 0.111 0.139 0.115
90E-110E,

Saji-W 10S-Eq 0.080 0.151 0.113 0.198* 0.164 0.011 -0.126 -0.100 -0.112

Webster- 45E-55E,

E 5N-5S 0.152 -0.105 -0.058 -0.008 0.014 0.075 0.029 0.098 0.034

Webster- 95E-105E,

w 10S-Eq 0.105 0.142 0.123 0.193 0.151 -0.015 -0.117 -0.079 -0.104

Correlation between monthly rainfall and monthly SOI of Tamil Nadu (1941 - 2000)

0.5

S 04 /‘\‘\’\
2
2 03
£ o / \
S g1 T / \ R
o
@«
S -0.2 1
o

-0.3

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Months

Figure 6. Simultaneous Correlation between monthly rainfall of Tamil Nadu and monthly SOI
(1941-2000).

Figure 6 shows simultaneous correlation between monthly rainfall of Tamil Nadu
and monthly SOI (1941-2000). A significant positive correlation was found during the
Southwest monsoon season (July-September). On the contrary, a negative correlation
coefficient was observed during the Northeast monsoon season (October-November).
Historical analysis has shown clear evidence of an association between the weak SWMR ,
large negative southern oscillation index and EI Nino events, and also between the strong
monsoon, large positive southern oscillation index and absence of EI Nino events (Sikka,
1980; Pant and Parthasarathy, 1981; Parthasarathy and Sontakke, 1988). The positive
correlation during the Southwest monsoon season (i.e. less SWMR for the EI Nino years)
for Tamil Nadu has consistent signals with the most part of India.

Figure 7 shows precipitation anomaly over Tamil Nadu during SW monsoon
season (June-September) for EI Nino/La Nina period based on station data. For this
composite, 12 EI-Nino years (1963, 1965, 1969, 1972, 1982, 1987, 1991, 1992, 1993,
1994, 1995 and 1997) and 8 La-Nina years (1964, 1971, 1973, 1974, 1975, 1989, 1996
and 1998) were chosen. In most par of Tamil Nadu state, less (more) precipitation is
observed during the Southwest monsoon on the ElI Nino (La Nina) years. On the
contrary, during the Northeast monsoon season (Fig. 8), more precipitation to the normal
is observed for the EI Nino Years. For La Nina years, it tends to show negative biases,
but results are not as clear as for EI Nino Years.
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Figure 7. Precipitation anomaly during the SWMR (June-September) for EI Nino (left) and La
Nina (right) period.
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Long-term Changes

The relationship between the NEMR and SOI is susceptible to decadal changes. Krishna
Kumar et al., 1999 has reported that the ENSO impact on SWMR is now weakening.
Correlation between July month 10D of Nino-3 region and NEMR over a period of 100
years from 1901 to 2000 is only 0.338. To check the consistency of these relationship,
decadal correlations between climate indices (SOl & 10D of Nino-3 region) of July
month and NEMR of Tamil Nadu was done and presented in Fig. 9. The results clearly
indicate that there is a consistent negative correlation between SOI of different months of
SW monsoon season (June — Sep) and NEMR of Tamil Nadu except in the decade of
1901-1910 and 1951-60. Twenty year sliding correlations between NEMR over Tamil
Nadu and SOI in different months was also done and the results are presented in Table -2.
Among the different months, strong correlation could be seen from July month with
NEMR which can serve as a viable predictor for the ensuing NEMR. It is interesting to
note, in the last decade (1991-2000), correlation between July SOI and NEMR is not as
high as that it was in the earlier decades indicating the weakening of the relationship
between SOI and NEMR in the recent decade. However, the relationship between 10D
of Nino-3 region and NEMR is not as strong as that of SOI with NEMR in different
decades studied in general (Fig. 9). Hence further in depth analysis was done only to
understand the influence of SOI on NEMR.

Extreme Conditions

July month SOI values above +10 and below -10 were assumed as extreme SOI
conditions, and their impact on corresponding year NEMR was studied (Fig. 10). In the
100 year study period, there were 17 extreme negative and 14 extreme positive SOI
conditions prevailed in the month of July. Normal NEMR averaged over the study period
is 481 mm. Average rainfall received during the extreme negative July SOI condition is
566 mm which is 17.7 % more than the normal NEMR and that of the extreme positive
condition is 395 mm which is 17.9 % less than the normal NEMR. Under negative
extreme condition, only in 2 out of 17 events recorded lesser than average NEMR. This
indicates a shift towards wetter (drought) conditions in relation to the extreme negative
(positive) SOI in July over Tamil Nadu region.
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Figure 9. Decadal correlations between climate indices (SOl & SST of
Nino3 region (150W-90W, 5N-5S)) of July month and NEMR of
Tamil Nadu.



Table 2. Twenty year sliding correlations between NEMR over Tamil Nadu and SOI in different
months. The left column (Year) indicates the first year of a 20 year time series subjected to take a
correlation.

Year | Jan Feb Mar Apr May Jun Jul Aug Sep

1951 | -0.09 | -0.03 0.20 -0.30 -0.11 -0.15 -0.16 -0.07 -0.19

1952 | 0.03 0.10 | 0.24 -0.19 -0.13 -0.12 -0.25 -0.04 -0.18

1953 | 0.02 0.11 | 0.23 |-0.33 -0.23 -0.23 -0.39 -0.18 -0.33

1954 | 0.03 0.10 | 0.21 -0.34 -0.40 -0.25 -0.40 -0.28 -0.39

1955 | -0.22 | -0.11 | -0.08 -0.40 -0.44* | -0.22 -0.47* | -0.28 -0.45*

1956 | -0.19 | -0.14 | -0.11 -0.43* | -0.48* | -0.30 -0.55** | -0.35 -0.50*

1957 | -0.22 | -0.17 | -0.13 -0.49* | -0.62** | -0.38 -0.62** | -0.39 -0.49*

1958 | -0.25 | -0.08 | -0.24 -0.55** | -0.69** | -0.52* | -0.67** | -0.49* | -0.53*

1959 | -0.38 | -0.27 | -0.31 -0.59** | -0.59** | -0.47* | -0.59** | -0.45* | -0.55**

1960 | -0.42 | -0.28 | -0.32 -0.60** | -0.56** | -0.45* | -0.61** | -0.50* | -0.54**

1961 | -0.44* | -0.30 | -0.25 -0.49* | -0.51* | -0.44* | -0.59** | -0.48* | -0.49*

1962 | -0.49* | -0.28 | -0.40 -0.44* | -0.54** | -0.50* | -0.60** | -0.52* | -0.52*

1963 | -0.50* | -0.26 | -0.41 -0.41 -0.46* | -0.35 -0.49* | -0.34 -0.39

1964 | -0.43* | -0.22 | -0.37 -0.42 -0.46* | -0.34 -0.49* | -0.33 -0.37

1965 | -0.44* | -0.25 | -0.30 -0.41 -0.42 -0.23 -0.48* | -0.31 -0.34

1966 | -0.44* | -0.24 | -0.30 -0.38 -0.42 -0.22 -0.51* | -0.30 -0.34

1967 | -0.42 | -0.18 | -0.25 -0.36 -0.32 -0.27 -0.53** | -0.27 -0.30

1968 | -0.47* | -0.21 | -0.27 -0.34 -0.29 -0.27 -0.52* | -0.29 -0.31

1969 | -0.44* | -0.15 | -0.29 -0.34 -0.29 -0.20 -0.54** | -0.35 -0.40

1970 | -0.40 | -0.14 | -0.33 -0.34 -0.27 -0.22 -0.54** | -0.32 -0.36

1971 | -041 |-0.13 | -0.32 -0.34 -0.28 -0.23 -0.54** | -0.32 -0.36

1972 1 -041 | -0.16 | -0.40 -0.43 -0.29 -0.24 -0.55** | -0.37 -0.40

1973 |1 -041 |-0.24 | -0.43* | -041 -0.20 -0.18 -0.49* | -0.34 -0.34

1974 | -0.43* | -0.26 | -0.42 -0.49* | -0.26 -0.29 -0.53* | -0.42 -0.37

1975 -029 |-0.12 | -0.26 -0.41 -0.19 -0.26 -0.45* | -0.38 -0.29

1976 | -0.27 | -0.09 | -0.27 -0.28 -0.09 -0.22 -0.45* | -0.35 -0.26

1977 | -0.24 | -0.09 | -0.25 -0.23 -0.08 -0.14 -0.41 -0.31 -0.23

1978 | -0.17 | -0.05 | -0.24 -0.28 -0.16 -0.18 -0.36 -0.37 -0.27

1979 |1 -0.19 | 0.06 | -0.27 -0.30 -0.31 -0.23 -0.39 -0.38 -0.27

1980 | -0.18 | -0.01 | -0.30 -0.30 -0.37 -0.31 -0.36 -0.39 -0.31

Yo Deviation of NERM over Tamil Nadu during extreme July SOI
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Figure 10. Comparison between July SOl and NEMR of Tamil Nadu. Only for the years of strong
SOI > 10 (SOl <-10) are shown.



Circulation/Precipitation patterns

As Tamil Nadu SWMR has positive correlation with SOl and NEMR shows
negative correlation with SOI, composites of circulation field for the extreme El Nino/La
Nina years are compared with the mean state to understand the relationship and/or local
dynamic structure. Since the ERA40 data is available after 1957, the 8 El Nino years
(1965, 1972, 1976, 1977, 1982, 1987, 1993 and 1994) and 4 La Nina years (1974, 1975,
1988 and 1998) were chosen by the July SOI values as shown in the previous sub-section
and Fig.10.

Figure 11 shows July mean circulation field and precipitation, anomalies of El
Nino condition (difference between the average of the 8 years and climatology), and
anomalies of La Nina condition (difference between the average of the 4 years and
climatology). The climatology (top diagrams) were computed as an average of 40 years
(1961-2000). During EI Nino (La Nina) condition, there is less (more) precipitable water
over Arabian Sea and northern part of India. Wind field of EI Nino condition shows more
divergent structure over the Tamil Nadu as well as whole of India.
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Figure 11. (Top left) Climatological mean precipitable water (mm) and surface wind (m/s) for
July given by ERA40. Regions exceeding 30 mm month-1 (50 mm month-1) are lightly (darkly)
shaded. Contours are spaced every 10 mm. (Top center) climatological mean sea level pressure.
Regions exceeding 1002 hPa (1010 hPa ) are lightly (darkly) shaded. Contours are spaced every 2
hPa. (Top right) Climatological mean precipitation (mm/month) given by IMD. Contours are
spaced every 50 mm. (Middle diagrams) Anomaly composite for the year of extreme EI Nino
(SOl < -10). Positive (negative) strong anomaly are darkly (lightly) shaded as shown in the scales
in the left and center diagrams. Positive precipitation anomaly areas are shaded, while negative
precipitation anomaly areas are not shaded. (Lower diagrams) Anomaly composite for the year s
of extreme La Nina (SOI > 10).



In order to see the continuation of the anomaly, the circulation field for September
was checked before moving on to the November condition. Figure 12 shows, clearer
difference of the circulation field than that of in Figure 11. In September (Fig. 12), less
(more) precipitable water and higher (lower) sea level pressure are observed over India in
El Nino (La Nina) condition. These resulted in drier (wetter) SWMR for El Nino (La
Nina) years over Tamil Nadu as well as whole India in September.

In November (Fig. 13) anomaly of pressure gradient pattern is not identified with
those in Fig. 11 and Fig. 12. In El Nino years, a positive sea level pressure (SLP) is
observed in Bay of Bengal and a negative SLP anomaly is observed in Arabian Sea,
which results in strong East-West pressure gradient over southern part of India. This
gradient causes strong northeasterly (NEMR) in Tamil Nadu as well as southern part of
India. During the La Nina phase, the opposite situation is observed.

From these composite analysis it is clarified that circulation anomalies over India,
Bay of Bengal and Arabian Sea do not continue during the extreme SOI signal in July.
This implies that the physical mechanisms of positive correlation with SOI in SWMR and
negative correlation with SOI in NEMR are not the same each other. For the NEMR, the
pressure gradient (or di-pole signals) between Bay of Bengal and Arabian Sea affects the
precipitation anomaly over Tamil Nadu more directly to the SOI signals.
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Figure 13. As for Figure 11, but for November.

CONCLUSIONS

From the above study it could be concluded that SOI and Nino-3 SST are having
significant influence on NEMR. Among different months, July month SOI and Nino-3
SST has significant relationship with NEMR. July SOI is negatively correlated with the
NEMR and the extreme negative SOI (EI Nino years) resulted in wetter than average
conditions during NEMR. SW monsoon rainfall over Tamil Nadu has significant positive
correlation with simultaneous SOI, that is drier condition occurs in SW monsoon season
in EI Nino years.

Composite circulation analysis clearly showed that in extreme El Nino years (SOI
< -10), Bay of Bengal has a positive sea level pressure (SLP) anomaly and Arabian sea
has a negative SLP anomaly, which resulted in strong northeasterly wind to the southern
part of India. The strengthened NE monsoon brings much moisture and precipitation to
the Tamil Nadu region in the El Nino years. The opposite case is also true. A strong
negative anomaly is observed in the Bay of Bengal during the La Nina years (SOI > 10),
which resulted in weak NE monsoon.
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Abstract of Resilience Seminar in FY2006
The 12" Resilience Seminar

Date and Time: 10:00-11:30 Monday July 3™ 2006

Place: RIHN Lecture Hall

Co-organized by the Society of Commons Studies and Biwa-Yodo Watershed Project

Title: Developing Methods for Institutional Analysis: Institutional Diversity in Resource
Management

Speaker: Elinor Ostrom, Co-Director, Workshop in Political Theory and Policy Analysis,
Indiana University

[Abstract] Many policy texts stress the importance of institutions for political and economic
development and for achieving sustainable resources. Yet, diverse scholars mean so many
different things when they refer to institutions. And, there are many ways of conducting
institutional analysis. | will present a brief overview of the Institutional Analysis and
Development (IAD) framework that is laid out in my new book, Understanding Institutional
Diversity (Princeton University Press, 2005). | will then dig into the framework to illustrate
the diversity of rules we have discovered in doing field work related to common-pool
resources (e.g. irrigation systems, forests, pastures, fisheries). In light of the diversity of
rules in use, I will address the problem of recommending simple solutions to complex social
and ecology problems and recommend considerable humility when we turn to policy
recommendations. Building settings in which individual can adapt better rules in light of
their experience in coping with problems over time is a better approach than presuming we
know the right “blueprint” to build better institutions to cope with diverse problems we face.
Resilience is enhanced by building institutions that can be adapted to local circumstances and
change over time.

The 13" Resilience Seminar

Date and Time: Tuesday, 27 July 2006, 16:00-17:30

Place: RIHN Seminar Room 1&2

Title: Application of climate information for enhancing resilience to climate risk: Indian case
study

Speaker: Prof. V. Geethalakshmi, Visiting Researcher at RIHN and Department of
Meteorology, Tamilnadu Agricultural University, India



[Abstract] Planning for risk management should take into account of climate variability and
expand the capacity to identify trends and adapt to hazards such as floods and droughts.
Extreme weather and climatic events keep on cause much damage and loss to properties and
lives in spite of considerable advance made in the forecasting and monitoring of climatic
phenomena on varied time scale and space dimensions in the past. During 1990’s, natural
disasters hit the world to the tune of 500-800 times a year and resulted in loss of more than
$600 billion and affected 2 billion people (Anthes, 2005). There are lots of uncertainties exists
in natural variability of climate, extent and impact of global warming and climate change,
population increase and related problems and societal and human response to these
anticipated changes. However, let these uncertainties not be an excuse for taking any action
against facing and managing the climatic risks. Regional understanding of the past trends and
likely changes in the future will help in planning for the climate related risk management
strategies. Early warning systems should become an integral part of risk management and
planning. Anticipation and prevention are more effective and less expensive than having to
react to emergencies. Few case studies of Indian subcontinent will be discussed as an
example.

The 14" Resilience Seminar

Date and Time: Monday, October 2", 2006, 15:30-17:15
Place: RIHN Seminar Room 1&2

15:30-16:30

Title: Influence of gregarious flowering of Melocanna baccifera in Mizoram, North-East
India

Speaker: Shozo SHIABTA, Graduate School of Global Environmental Studies, Kyoto
University

[Abstract] Melocanna baccifera distributes in North-East India, Bangladesh and Myanmar
largely in slash-and-burn agriculture area. Although flowering period of the most bamboo
species is not clear, this species has been recorded its flowering every 48 years and the next
flowering will come on the end of this year. To understand the ecological characteristics of
bamboo flowering this chance is very great for bamboo researchers. It is said that previous
flowerings brought the catastrophic damage to Mizoram people. In these several decades,
after the last flowering of Melocanna in 1959, the social system of Mizoram changes by the
promotion of domicile, deterioration of slash-and-burn rotation and so on. The influence of
current bamboo flowering upon this changing social system is also interesting.



16:30-17:15
Title: Zambia Field Trip Report
Speaker: Mitsunori Yoshimura, RIHN

The 15" Resilience Seminar

Date & time: Thursday, November 9", 2006, 15:30-17:00

Place: RIHN Seminar Room 1&2

Title: International approach to drought early warning system for human security ~ Current
trends in international organisations and Ethiopia ~

Speaker: Yukiko IITSUKA, Secretariat of the international peace cooperation headquarters,
Cabinet office

[Abstract] Among the countries in which a natural disaster and armed conflicts are occurring
frequently, the "early warning system" for drought preparedness has been established by
international organisations and other development assistance organizations as what
contributes to people’s “human security”. However, in addition to the early analysis of the
system based on the conventional data collection, the alternative analysis which takes political
and social factor into consideration more attracts global attention in recent years. For example,
in order to increase the efficacy of the system, a new approach called “Twin Track Approach
(TTA)” has been recently discussed by the U.N. food and agriculture organisation (FAO). It
incorporates the political and social factor as an element which constitutes a resilience
framework in vulnerable society. In Ethiopia, on the other hand, the early warning system has
been advanced over the basis of cooperation of international organisations, including USAID,
in many years since it was introduced most early.

In the presentation, first of all, the new argument, such as the TTA which international
society including FAO advances, will be introduced. Secondly, the history and information
gathering system of early waning system operating in Ethiopia will be mainly reported.
Furthermore, it would be discussed that what kind of problem could be identified in the early
warning system currently carried out in Ethiopia, considering the lively argument of the TTA.
Finally, the challenge of ensuring human security in drought correspondence of Africa, as well
as the possibility of that, would be considered.

The 16" Resilience Seminar

Date & time: Thursday, February 22nd, 2007, 15:30-17:00
Place: RIHN Lecture Hall



15:30-16:15

Title: Creating social space for economic activities among rural women in Southern Zambia
Speaker: Tokuko Narisawa, Graduate School of Asian and African Area Studies, Kyoto
University

[Abstract] In rural Tonga of Southern Zambia, women’s source of cash income had been
almost entirely limited to the sales of beer. Since the 1990s, economic hardships stemming
from complex repercussions of the penetration of market economy, drought and cattle disease
have deprived Tonga of cash income from agricultural and pastoral activities. For Tonga
women, this has meant a loss of access to money which has been controlled by men. To
counter this trend, development programs have been promoted for the empowerment of rural
women. No studies, however, reveal the real feature of Tonga women’s individual economic
activities.

This presentation aims to discuss the rural Tonga women’s way of accomplishing their own
economic activities in the society, under recent socio-economic changes, based on field
research conducted in a village located east of Monze, Southern Province of Zambia. | shall
argue that it was the creative practice of women that played a central role in transforming
local social space into their own “market”; a creativity which allowed women to pursue
individual economic activities without contradicting social n

orms in a male-dominated economy.

16:15-17:00

Title: Sorghum cultivation in Gwembe valley, southern Zambia

Speaker: Kazue Awaji, Graduate School of Asian and African Area Studies, Kyoto University
[Abstract] Gwembe valley, located in the southern part of Zambia, has poor rainfall and is
often hit by drought. The people who live in the Gwembe valley cultivate sorghum that has
drought resistance. | try to discuss about their sorghum cultivation under hard climate
condition, from views of the cropping system and varietal Characteristics.
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Figure 1. Resilience of Social-Ecological System and Four Themes
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2003 4T 1,170 R DFFHT — # % CSO (ZZFE L# 13 USD17,000 Téh -7z, ZF A D Prof. Prem Jain
I % renewable energy M E£[ZZ ¢ UNDP Namibian Solar Energy Project 14 L T\ /-,

Central Statistical Office (CSO)
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T 1. w7V 20 TR 3. HIVEEORR, Z OHECTIE 01/02 D FHRIT 04/05 LV #ERK
Do Tz, REREERZ 1T AR E (birth weight) 23 2.5kg & Fal % RAE £ 5,

11H30H (K)

— R S AUDAE LT % Malabai village 35125, AHiZid4 O &R H 0 | BRIIH VAKX LD
R L Zambeef DB O DIZ 2 EOBELZ AR Sz, BHE2FHALTEEEZ L WDt
BRAEDEZ > TWD, AA XEREMR, FED Mr. Robert Siambiko 1£ 3 ADFEEFFD, 5l ET
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FHE L TV EFERAED RAEZ 4 EHIE L TH 50, RIHN 225 0O& 42 5 4EFE (FEEIN & BN o5
AR . LORIEEE (ZVAC ~DOFEZEFE) L LTC2RHTHZ LA THELTEDL I,

—Ms Nchimunya Nkombo, Population and Demography (231 CSO 23FF-> T % A OfERE, S RiE% D
EEHZ DU TIE RN,

—Dr. Gear Kajoba % Department of Geography/UNZA (Z3642 5 23 & MT < RIE,
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(cassava+groundnuts, maize+beans),
* FRHEI T HUE R ER Tl E IR ICEN TEE T 20T, BREAER 285G U CREFREICH T2
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* BYEED (47 —)  BITES o, Adventist IRIZEBM Y 7 =25, ¥ D X NEDRE
JRiZ (FEM) Roman Catholic, United Church of Zambia (Protestant), Pentecostal, Salvation Army; (HEF)
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CSO: 7—HX#% U7X NT5HH, HYEARTET Living Condition Monitoring Survey data, Health Survey
data # AFTE o7,

Ministry of Health: Dr. Reuben Kamoto Mbewe (Reproductive Health Specialist) > & 15 UL,

Ministry of Agriculture: Dr. Gregory M. Mululuma (Department of Veterinary and Livestock)7» & BN & Fe
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Guesthouse $65/day (including breakfast and dinner)
Saloon car $50/day (excluding driver charges and fuel)
4x4 $100/day (excluding driver charges and fuel)

overnight charge  $25/day (including meals and hotel)
overtime charge ~ $2/hour
lunch allowance(Lusaka) $5/day
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