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Abstract

Sub-Saharan Africa (SSA) remains the world’s most food-insecure region characterized by high
levels of child mortality and poverty and low levels of human and physical capital (FAO, 2009).
Countries in SSA, including Tanzania, heavily depend on a smallholder-based agricultural sector,
which makes their welfare and food security particularly vulnerable to climate change (Barrios et
al., 2008). The goal of this study is to provide a comprehensive analysis of the impact of weather
risk on rural households’ welfare in Tanzania using nationally representative household panel
data together with a set of novel weather variation indicators based on interpolated gridded
and re-analysis weather data that capture the peculiar features of short term and long term
variations in rainfall and temperature. In particular, we estimate the impact of weather shocks
on a rich set of welfare indicators (including total income, total expenditure, food expenditure
and its share in total expenditure and calorie intake) and investigate whether and how they
vary by different definitions of shocks - capturing changes in levels and variations over different
time periods. We find that both rainfall and maximum temperature variability exert a negative
impact on welfare (i.e. no consumption smoothing) and that households that have adopted SLM
practices are able to achieve income-smoothing. We also find that the most vulnerable rural
households are much more affected by a rainfall deficit compared to the households in the top
income quantile. Results underline the key role extension services play in enhancing adaptive
capacity to reduce vulnerability to adverse weather conditions, as well as the importance of
targeting the most vulnerable households in policy interventions to improve food security in the
face of weather shocks.

Keywords: Welfare analysis, Climate shocks, Panel data, Tanzania.
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Introduction

Sub-Saharan Africa (SSA) remains the world’s most food-insecure region characterized by high

levels of child mortality and poverty, low levels of human and physical capital, and poor infras-

tructure (FAO, 2009). Countries in SSA, including Tanzania, heavily depend on a smallholder-

based agricultural sector, which in turn makes them particularly vulnerable to climate change

(Ziervogel et al., 2008; Barrios et al., 2008). An estimated 90% of the population depends on

rain-fed crop production and pastoralism to meet its basic food needs (Patt and Winkler, 2007).

Rising temperatures and changes in rainfall patterns have direct effects on crop yields, as well

as indirect effects through changes in irrigation water availability, thus exacerbating the im-

pacts of droughts, soil degradation and decline in biodiversity. The combination of these effects

makes agriculture and food security the most vulnerable sector affected by climate change, and

therefore Tanzania’s National Adaptation Plan of Action prioritized activities to improve the

understanding of the impacts of climate change on agriculture and food security (NAPA, 2007).

There is an emerging economic literature on weather variations and their implications for

a wide set of economic outcomes ranging from economic growth, to migration and agriculture

(Dell et al., 2013).1 Most of this literature is concerned with establishing linkages between

these outcomes of interest and weather using data at aggregated levels (e.g. country, district,

municipality) including cross-country studies. These studies establish a negative relationship

between economic growth/income and hot climates (temperature) in general, and a positive one

between income and rainfall in Sub Saharan Africa (Miguel et al., 2004; Barrios et al., 2010;

Hsiang, 2010; Brückner and Ciccone, 2011; Dell et al., 2012).

In countries where agricultural sector is largely based on small-holders and dominates the

economy, the main linkages between weather and incomes go directly through agriculture, and
1It should be noted that this literature uses ”weather variation” instead of ”climate variation” which is reserved

to represent the long run distribution of weather realizations over the shorter run (Dell et al., 2013).
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when the latter is based on rain-fed subsistence agriculture, this link also has substantial impli-

cations for food security and welfare. Since climate/weather fluctuations translate into income

shocks especially faced by small-holders, not only are the average incomes low but also they

tend to be highly volatile. In addition to the important policy implications that can be derived

from the investigation of these issues, we focus on weather-related risk for two reasons. First,

the growing availability of high-quality geo-referenced data on weather makes this important

and exogenous component of environmental risk measurable along with the related households’

response. Second, although it is not the only exogenous factor affecting income and consump-

tion of rural households, it is spatially covariant. As pointed out by Rosenzweig and Binswanger

(1993), this feature makes it an important determinant of income variability that is most likely

to influence welfare, especially in developing economies.

The goal of this study is, therefore, to provide a comprehensive analysis of the impact of

weather risk on rural households’ welfare. To this aim, we use nationally representative panel

data on Tanzanian households together with a set of novel weather variation indicators based

on interpolated gridded and re-analysis weather data that capture the peculiar features of short

term (weather) and long term (climate) variations in rainfall and temperature. In particular,

we estimate the impact of weather shocks on a rich set of welfare indicators (including total

income, total expenditure, food expenditure and its share in total expenditure and calorie in-

take) and investigate whether and how they vary by different definitions of shocks – capturing

changes in levels and variations over different time periods. Moreover, we also analyze the in-

teractions of these climate risk-welfare relationships with a number of policy relevant variables

such as access to extension information, access to credit and the use of sustainable land manage-

ment (SLM) practices, which may help farmers to cope with risk and smooth income (Morduch,

1995). Finally, since fluctuations in weather patterns may have a heterogenous impact on differ-

ent households profiles, we investigate this heterogeneity along the quantiles of the considered

outcome indicators.

Our results show that both rainfall and maximum temperature variability (defined for the

last 25, 10, 5 and 3 years) exert a negative impact on the considered outcomes, even if results

vary according to the reference period with respect to which the indicators are computed. In

general, shock variables defined for 5 or more years tend to have more significant effects on

welfare outcomes. Our estimates also show a significant income-smoothing for those households
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that have adopted SLM practices regardless of the reference period. These results highlight the

role of SLM as a potential ex-ante weather-risk coping strategy. We also find that the most

vulnerable rural households are much more negatively affected by a rainfall deficit compared to

the households in the top income quantile.

Consistently with the literature, we find no evidence of consumption smoothing. Both inter-

and intra-seasonal indicators of weather fluctuations exert a significant impact on the consid-

ered consumption measures. In particular, we observe a significant negative association between

market-based food crop consumption and the between years average of cropping season precip-

itation totals, regardless of the reference period. A similar evidence is also observed for total

consumption and total food consumption expenditures. Under the assumption that the subsis-

tence food demand level is inelastic to prices, these counterintuitive results may be explained

by the fact that when inter- and intra-seasonal weather fluctuations adversely affect agricul-

tural production, the resulting widespread reductions in main staples supply cause significant

increases in local food prices, especially in isolated rural areas (See Brown, 2014, and references

therein). Since many rural households are at subsistence levels and a large fraction of these

households are net buyers of the crops they produce, higher local food prices will translate in a

higher monetary value of their subsistence food demand level. In support of this explanation,

we find a positive and statistically significant impact of the inter-seasonal rainfall average on

consumption from own-produced food. Even though also the monetary value of consumption

from own-produced food is higher due to higher food prices, our findings support the evidence

that the price effect is more than offset by the adverse effect of low/erratic rainfall on production.

The rest of this work is organized as follows. Chapter 2 provides a discussion of the macroe-

conomic context, agricultural production and climate variability in Tanzania. Data sources,

sample composition and descriptive statistics are presented in Chapter 3. Chapter 4 presents

the conceptual framework and analytical methodology with emphasis on the empirical model.

The main empirical results are presented and discussed in Chapter 5. Chapter 6 concludes by

presenting the key findings and policy implications.
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Country background:
macroeconomic context, agricultural
production and climate variability

Located in southern Africa and bordered by Kenya, Uganda, Rwanda, Burundi, the Democratic

Republic of the Congo, Zambia, Malawi, and Mozambique, Tanzania is a large sparsely popu-

lated country with population density of 51 persons/Km2 with a large variation across regions

(Tanzania National Bureau of Statistics, 2013).1 The last census reports that the population of

Tanzania is four times that of 1967 and that it has grown of about 30 percent in the last decade.

As for the state of the economy as a whole, Tanzania has made impressive economic gains

in the last decade reaching an annual GDP growth rate close to 7 percent. The growth rate in

the agricultural sector has been about 4 percent. As reported by the World Bank (2013), this

steady-state economic growth has been mainly driven by i) the rapid growth of a small number

of economic sectors (communication, financial services, construction, manufacturing and retail);

ii) the fact that volatility has been confined to sectors with a limited overall impact on GDP;

iii) the constant, although quite low, growth rate of the agricultural sector which accounts for a

large share of the GDP; iv) the resilient domestic demand and v) the country’s limited exposure

to external shocks mainly related to the limited dependence on net external trade.

However, the reported macroeconomic performance has not translated into a similarly strong

reduction in poverty. An assessment of income-poverty levels in Tanzania shows that the per-

centage of population below the basic-needs poverty line decreased from 38.6 in 1991 to 33.6 in

2007, while trends in other welfare indicators are mixed. Even though consumer durables owner-

ship and access to education and public health services have increased, ownership of agricultural
1The population is concentrated in Dar es Salaam and Zanzibar Urban regions with population densities of

3,133 and 2,581 persons/Km2, while Lindi and Katavi regions are those with the lowest population densities with
13 and 15 persons/Km2, respectively.
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assets and access to clean water showed some deterioration. Hence, despite the aforementioned

improvements, Tanzania is lagging in its progress towards its targets on reducing poverty and

food insecurity and in achieving the Millennium Development Goals (MDGs) target of halving

poverty by 2015.

The agricultural sector remains the largest sector in the economy and hence its performance

has a significant effect on output and corresponding income and poverty levels. According to

the economic outlook of the World Bank (2013), the sector contributes to almost one quarter

of Tanzania’s overall GDP and exports, and employs about 80 percent of the work force (URT,

2011).

This sector has reported little variation in its annual growth rate, with this rate ranging

from only 3.5 to 4.9 percent over the past few years, barely exceeding the population growth

rate. Growth is largely driven by the expansion of cultivable land rather than by variations

in productivity. The major constraints facing the agriculture sector are the decreasing labor

and land productivity due to application of poor technologies, as well as the dependence on

unpredictable weather conditions. Both crops and livestock are indeed adversely affected by

periodical droughts (World Bank, 2013). Tanzania’s agriculture is largely based on small-holders.

As pointed out by Fischer (2003), small-holder farmers account for about 84% of cultivated land

with an average farm size of about 2.4 ha.2 Among those that grow maize, the average area

allocated to the crop is about 0.8 ha. The Government of Tanzania owns most of the large-

scale farms (greater than 5 ha) accounting for the remaining 16% of cultivated land. The most

prevalent staple crops include maize, cassava, rice, sorghum and millet, while the main exported

crops are sugar, coffee, cotton, tobacco and tea.

As reported by the World Bank (2013) report, since November 2011 a prudent monetary

policy has contributed to a gradual decline in the inflation rate. This has led to a lower access

to credit (from 31 percent in October 2011 to approximately 12 percent in October 2012),

especially for the poorest households. Over the 2010-2012 period, and despite the decline in the

rate of inflation, food prices were relatively high in Tanzania. For instance, local price of maize

(the primary staple) was on average one-third higher in Tanzania than in Brazil. The gap is even

higher for rice and wheat. This issue has serious implications for household welfare, considering
2Average farm size also varies depending on gender; men are more likely to cultivate greater than 1 ha, while

women are more likely to cultivate plots less than 0.3 ha.
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that maize, rice, and wheat make up the bulk of food consumed by Tanzanian households.

As far as climate variability is concerned, projections from General Circulation Models re-

ported by Arndt et al. (2012) show that, relative to a no climate change baseline and considering

domestic agricultural production as the principal channel of impact, food security in Tanzania

appears likely to deteriorate as a consequence of climate change in the next 30 years. The au-

thors pointed out that climate change will affect households differently based on their income

and consumption patterns; will produce regional-specific shocks; will affect crops differently,

thus implying that the extent of the potential negative effect on income and consumption will

depend on the smallholder farmers’ cropping patterns and their ability to reallocate farm re-

sources between activities. The socio-economic impact of weather variations on welfare depend

on households’ adaptive strategies, such as income and consumption smoothing. For households

that can successfully use these strategies there may be no observable impact, hence, empirically

observed impact would provide evidence of a lack of adaptive capacity and need for policy in-

terventions to buffer households from weather risks that are expected to worsen due to climate

change.

Tanzania’s National Adaptation Plan of Action prioritized activities to improve the under-

standing of the impacts of climate change on agriculture and food security as these are ranked as

the most affected sectors (NAPA, 2007). In what follows, we contribute to this goal by analyzing

these linkages using a set of welfare and food security indicators, including per-capita calorie

intake, food expenditure and total income.
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Data and variables description

3.1 Data

We use two main sources of data in our analysis: socio-economic data from the Tanzania National

Panel Survey (TZNPS), and historical re-analysis data on rainfall and temperature from the

the National Oceanic and Atmospheric Administration (NOAA) and the European Centre for

Medium-Range Weather Forecasts (ECMWF), respectively.

The TZNPS, implemented by the Tanzania National Bureau of Statistics (TZNBS), is part

of the Living Standards Measurement Study-Integrated Surveys on Agriculture, a series of na-

tionally representative household panel surveys that assembles information on a wide range of

topics, with a strong focus on agriculture and rural development. The survey collects infor-

mation on socio-economic characteristics, production activities in agricultural, livestock and

fisheries sectors, non-farm income generating activities and consumption expenditures. We use

the first two waves, the first conducted over twelve months from October 2008 to September

2009 and the second over the same period of 2010-11. Both waves make use of three main ques-

tionnaires to collect data: a Household Questionnaire (HQ) collecting information on household

composition, educational attainment, health, labor market participation, non-farm and social

activities1; an Agriculture Questionnaire (AQ), administered to any household that has engaged

in any farming or livestock activities, in which data are collected at both the plot and crop levels

on inputs, production and sales; a Community Questionnaire (CQ) administered to a group of

local leaders determined by the field supervisors and designed to collect information about the

community where the selected households are located. Furthermore, the second wave has seen

the introduction of a forth household questionnaire dedicated to collect information on fisheries

(fishing, processing and trading).2

1Data on labor, education, and health status are collected at the individual level
2The third wave was implemented in 2013 and data became available in 2014, after the research in this paper
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The TZNPS, designed to be representative at the national, urban/rural, and major agro-

ecological zone levels, is based on a stratified, multi-stage cluster sample design recognizing

explicitly four analytical strata: Dar es Salaam, other urban areas in mainland, rural areas in

mainland, and Zanzibar. Within each stratum, clusters were randomly selected as the primary

sampling units, with the probability of selection proportional to their population size. In urban

areas, clusters match census Enumeration Areas (EAs)3, while in rural areas, clusters match

villages. In the last stage, 8 households were randomly chosen in each cluster (Tanzania National

Bureau of Statistics, 2012).

The sample in the first wave consists of 3,265 households in 409 Enumeration Areas (2,063

households in rural areas and 1,202 urban areas). The second wave has tracked all households

originally interviewed during the first round (97 percent of the original households). If a house-

hold has moved from its original location, the members were interviewed in their new location.4

If a member of the original household had split from their original location to form or join a

new household, information was recorded on the new location of this member.5 Specifically, the

final sample consists of 3,924 households in 409 EAs (2,629 households in rural areas and 1,295

urban areas). The breakdown by household status and wave of the original sample is reported in

Table 2(a). It is worth noting that the unbalanced nature of the panel stems from the presence

of about 20% of the households which have split in the second waves. Our analysis will focus

on rural households as they are the most vulnerable to income shocks (see Table 2(b) for the

breakdown by household status and wave of the selected sample). Figure 1 shows the sample

coverage in terms of the number of selected households in each EA summed by district.6

We use NOAA’s historical daily ARC2 (Africa Rainfall Climatology version2) rainfall (mea-

had been conducted.
3Tanzania is divided into thirty regions (mkoa), twenty-five on the mainland and five in Zanzibar. 169 districts,

also known as local government authorities, have been created. Of the 169 districts, 34 are urban units, which are
further classified as 3 city councils, 19 municipal councils, and 12 town councils. The census EAs are the smallest
operational areas established for the the 2002 Population and Housing Census, more specifically, the National
Master Sample Frame.

4When the location was within one hour of the original location, the interview has been conducted by the field
team at the time of their visit to the EA, while if the new location was more than an hour from the original one,
details were recorded on specialized forms subsequently passed to a dedicated tracking team for follow-up.

5Households are identified in the first wave by a fourteen-digit number that is constructed from the district,
ward, locality, enumeration area, and household number. The second wave household identifier is represented by
that of the first wave plus two digits representing the identification number for the tracking target with the lowest
individual identifier from the first wave.

6Figure 1 has been drawn by district because this is the lowest level currently made available by the Tanzanian
National Bureau of Statistics.
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sured in millimeters of rain) gridded data summed at dekadal (10-days) values and corrected

for possible missing daily values to create a set of variables to capture the variations and shocks

in rainfall for each EA in the TZNPS data. The ARC2 rainfall data contains raster data at

a spatial ground resolution of 0.1 degree (about 11 km) for African countries for the period of

1983-2012.7 ARC2 provides a high-resolution long-term data set, with minimal, continuous in-

puts that minimize bias and error, with availability in near real-time (Novella and Thiaw, 2013).

As pointed out by Auffhammer et al. (2013), gridded datasets are a good source of rainfall and

temperature data in that they potentially adjust for issues like missing station data, elevation,

and the urban heat island bias in a reasonable way. Nevertheless, there are other issues that

may affect empirical results using this kind of data. First, different interpolation schemes can

produce different estimates, particularly in short time periods and particularly for precipitation.

Precipitation has a far greater spatial variation than temperature and thus is more difficult to

interpolate. This issue is important for developing countries, where underlying ground station

data are sparse.

We also use historical temperature data to create a set of variables to capture the variations

and shocks in temperature in each EA in the TZNPS. Our temperature data are surface tem-

perature measurements (in degrees Celsius) at dekadal intervals obtained from the ECMWF’s

ERA-Interim (ECMWF re-analysis) database at a spatial resolution of 0.25 degree (about 28

km) for the period of 1989-2010. The main difference between our temperature (re-analyses

data) and rainfall data (interpolated gridded data) is that re-analysis data uses a climate model

rather than a statistical procedure to interpolate between observations. While re-analysis data

may offer some improvements in regions with too sparse data, it has its own disadvantages as it

relies on the assumptions of climate models which can be restrictive. These two points should be

kept in ind when interpreting the results. The variables created using NOAA’s historical daily

ARC2 rainfall and ECMWF’s ERA-Interim data are explained in detail in the next sub-section.

3.2 Weather fluctuations and climate shocks

Given the well known effects of rainfall and temperature shocks on rural households’ welfare

implying risk-averse households would end up choosing portfolios that are less sensitive to these
7Through our procedure, we extracted the mean of the 10 Km radius buffer areas around the EAs centroids.
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shocks and thus less profitable (see, among the others, Rosenzweig and Binswanger, 1993;

Dercon, 2004; Kazianga and Udry, 2006; Tol, 2009), we use the above mentioned data sources to

create a set of rainfall and temperature shock variables that are hypothesized to affect income

and consumption based on agronomy, climate and economic literatures. First of all, we define the

main cropping season as the months from December to June, following the rainfall patterns and

the specific planting and harvesting calendar for the main crops in Tanzania (USDA, 2003). We

construct a series of intra- and inter-seasonal indicators to measure both the level and variability

of rainfall and maximum temperature.8 This strategy allows to capture the potentially different

welfare implications of weather fluctuations and climate shocks, as they represent essentially

different phenomena (e.g., Deschenes and Greenstone, 2007; Fisher et al., 2012).9 Table 1

summarizes all our shock variables along with brief definitions.10

All variables are created with respect to different reference time periods, i.e. the past 25, 10,

5 and 3 years, in order to investigate whether shocks defined over different time periods have

different impacts on income and consumption. Inter-seasonal indicators are meant to measure

the climate of a specific area both using the average levels and the variations of rainfall and

temperature over a specified reference period. Intra-seasonal indicators, on the other hand,

measure short term weather fluctuations within the a given cropping season compared to a

specific reference period. These variables are designed to capture various aspects of the welfare

cost of weather risk, i.e. lower and more variable welfare outcomes. These costs are expected to

be lower on average for shocks defined over longer periods of time and for households that are

able to manage risk using ex-ante or ex-post risk management strategies as explained above.

Our indicator of inter-seasonal rainfall variability is the ratio of the coefficient of variation

(COV) of the reference period to the long term COV of rainfall (R3). We define this indicator

relative to the long term to capture the trend in the change in variability over time. We expect

household welfare indicators to be affected more if the recent past rainfall has been more erratic

compared to the long term. We expect intra-seasonal shock indicators defined with respect to
8We experimented with indicators based on average season temperatures as well, and observed that maximum

temperature has consistently more significant impact on outcomes. Given the multicollinearity between the two
measures, we decided to use only maximum temperature in our specifications.

9It is worth noting that to the extent that the distributions of weather fluctuations and climate shocks are
similar, the distinction between the two becomes negligible.

10In what follows, we denote with RP the reference period (3,5,10 or 25 years), CS the cropping season, SS the
cropping season specific to the year t = 2009, 2011 covered by the TZNPS data.
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shorter time periods to have stronger negative impacts on the observed outcomes. The differences

in expectations based on reference periods stem from the fact that households are expected to

have the opportunity to adjust to shocks observed over longer periods of time by using ex-ante

and/or ex-post coping strategies.

We also use an intra-seasonal measure of rainfall seasonality that allows us to characterize

enumeration areas according to the rainfall seasonality patterns (R4). In particular, we use a

discrete version of the Seasonality Index (SI) following the qualitative classification of degrees

of seasonality suggested by Walsh and Lawler (1981).11 Using the ranges of qualitative degrees

of seasonality in Walsh and Lawler (1981) we create a discrete indicator that ranges from 1

to 3, if the SI is smaller than 0.4, between 0.4 and 1, and higher than 1, respectively. These

SI equal to 1 indicates areas where rainfall is equally distributed over the cropping season; 2

indicates areas where rainfall is seasonal; and 3 indicates areas where almost all rain falls in 1-3

months of the year. Our SI shock variable equals to the ratio of this discrete SI value during the

cropping season covered by TZNPS to its average value for the reference period. The rainfall

shortfall variable (R5) measures the severity of rainfall shortfall in levels (mm), rather than the

direction, to capture the potentially different impact of more severe shortfalls on consumption

and incomes in that year.

In addition to the standard measures of average and standard deviation for the maximum

temperature during the growing season, we use an indicator of the severity of too hot season

shock (T3). This variable is introduced in quartiles to capture the nonlinearities in its effects on

welfare. Crop productivity is shown to decrease significantly when the growing season maximum

temperatures are too high (Thornton and Cramer, 2012). These shocks are ideally captured using

daily (or even hourly) data, however, given the lack of high resolution historical data for most of

Africa including Tanzania, our dekadal data source provides one of the best options available to

study these relationships. We expect higher negative impacts on consumption and incomes as

the number of dekads during which the maximum temperatures exceeded the reference period

average maximum values increases.
11The Walsh-Lowler SI is equal to the sum of the absolute deviations of mean monthly rainfalls from the overall

monthly mean, divided by the mean annual rainfall. The SI varies between 0 (if all months have equal rainfall)
and 1.83 (if all the rainfall occurs in a single month) Walsh and Lawler (1981).
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3.3 Outcome measures and other controls

All outcome and control variables considered in this study are computed according to the

methodology of the Rural Income Generating Activities (RIGA) project of the FAO.12 As far

as the outcome variables are concerned, we consider an annual measure of household’s income,

gross of costs, and comprehensive of all possible sources of labor and non-labor earnings.13 In

terms of categories, it includes agricultural and non-agricultural wages, self-employment wages,

revenues from own crop-production, revenues from livestock and revenues from private and pub-

lic transfers. As consumption measures, we consider the values of i) food consumption (which

includes both crop and livestock own-produced and purchased items), ii) consumption from own-

produced crop products, iii) consumption from purchased crop products, iv) total expenditure

(which includes food expenditure as well as utilities, health, transport, communication, recre-

ation, education and other general household’s expenditures) and v) food expenditure’s share

(the ratio of total food expenditure over total expenditure).14 Finally as an indicator of food

security, we consider the daily calories intake, which is a proxy for the availability and access

dimensions of food security.15

As controls, we consider a set of socio-demographics including age, gender, marital status of

the household’s head, as well as household size, average years of education and dependency ratio.

We also control for the use of Sustainable Land Management Practices (SLM, including maize-

legume intercropping, soil and water conservation practices, and the use of organic fertilizer) and

the access to the credit, both of which have the potential to act as income and/or consumption

smoothing strategies. 16Indicators for having received extension advice and for being classified

as small-holders are also included in order to investigate whether these variables condition the

impacts of climate shocks on welfare outcomes as potential policy entry points.17

12For more information on the RIGA project see: http://www.fao.org/economic/riga/rural-income-generating-
activities/en/

13This measure considers regular or recurring sources of income and only factors in expenditures that are inputs
to the income activity. For a thorough explanation of the RIGA project methodology for estimating income, see
Carletto et al. (2007).

14All monetary indicators are expressed in real Tanzanian shillings and are included in estimations in terms of
per capita values.

15See http://www.fao.org/docrep/013/al936e/al936e00.pdf for dimensions of food security.
16SLM adopters are households that have used one of these practices on at least one plot, irrespective of the

area covered. Thus, the non-adopters are households who did not use these practices at all.
17Smallholders are defines using the FAO definition as follows: the threshold farm size for small-holders is

determined by ordering farms by size of operated land and then choosing the farm size according to which 50
percent of land in all country is operated by smallholders and the other 50 percent by large holders.

16



As wealth indicators, we include a wealth index based on durable goods ownership and

housing conditions, an agricultural machinery index based on access to agricultural implements

and machinery, and dummies for the ownership of a radio and a mobile phone.18 We also include

land related characteristics, such as the hectares of cultivated land and tenure status, as well as

indicator variables for the death and illness of (at least) a household’s member in order to control

for the effects of external idiosyncratic shocks on welfare. To control for transaction costs, we

use the distance from home to markets and school as well as the road density computed as

the kms of roads in 15km radius of each EA. Finally, given that agricultural productivity is

strongly influenced by ecological factors, we use information available in the FAO crop calendar

to construct a variable indicating the main Agro-Ecological Zones (AEZ).19

3.4 Descriptive analysis

Table 3 reports averages and standard deviations of our outcome variables disaggregated by

quartiles of the household’s average level of education and dependency ratio. Households char-

acterized by a higher level of education have higher per-capita income, food consumption (both

own-produced and total) as well as total consumption and calorie intake. On the other hand,

perhaps because they can rely on alternative livelihood sources, they show a lower level of own-

produced food as well as a substantially lower food expenditure share. The latter evidence is

expected due to a consumption basket that includes more non-food expenditures. We also ob-

serve that households characterized by a higher dependency ratio have a higher food expenditure

share while showing lover levels of per-capita income, food consumption (both own-produced

and total) as well as total consumption and calorie intake.

Table 4 reports average and standard deviations of the outcome variables by quartiles of

the long-run (25 years) and short-run (3-years) averages of inter-seasonal rainfall. It is worth

noting that the relationships between the outcome variables and average rainfall quartiles have

U-shaped or inverse U-shaped patterns, indicating the presence of non-linearities. An important

evidence to highlight is that about 75% of household consumption comes from crop food and, as

shown in figure 2, this proportion is higher in areas with a higher amount of rainfall. Further,
18Livestock holdings (measured in tropical livestock units (TLU) has not been considered because of the high

correlation with the agricultural machinery index.
19Detailed descriptions of the nine Tanzania AEZ can be found at

http://www.fao.org/agriculture/seed/cropcalendar/welcome.do
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we observe that, in low-rainfall areas, the value of purchased crop food is about 4 times the

own-produced value while this proportion is about one-to-one in high-rainfall areas. Another

interesting stylized fact emerges by looking at Table 5 that summarizes outcome variables by

long-run average rainfall quartiles and SLM adoption. Rural households who have adopted SLM

practices have on average 15% lower incomes compared to non-adopters but they also have 45%

lower variability of income, as would be expected from an ex-ante risk management strategy

that leads to lower but more stable returns. This evidence suggests that the SLM adoption may

play an important role as a risk-coping strategy to smooth income.

We now provide summary statistics of the climatic variables described above and used in

the multivariate analysis presented in chapter 4. Figure 3 shows historical trends in the average

total rainfall and the maximum growing season temperature. On average, there is evidence

of a negative trend for both rainfall and maximum temperature, the former stemming from a

5 years period of low precipitation (1999-2003). We observe that the maximum temperature

varied in the narrow band of 28 and 30 degrees with a slight downward trend. The lack of

enough variation in temperature data combined with the fact that this narrow band happens to

fall within the optimum temperature range for the country’s most important staple crops (i.e.

maize and cassava) poses a challenge to establishing a strong relationship between temperature

and welfare outcomes in our analyses. Figure 4 shows interesting evidence on the changes in the

seasonality of rainfall. On average, many areas where precipitation was seasonal according to

the Walsh and Lawler (1981) index in the past 25 years show a more extreme rainfall seasonality

pattern concentrated in 1-3 months (i.e. SI > 1) in the past 13 years. In our view, this evidence

confirms that, even if we are not able to control for the within-dekad timing and variation of

rainfall, the information behind the considered rainfall indicators is sufficient to allow us identify

climate shock effects.

Finally, figures from 5 to 9 and from 10 to 12 show the geographic distribution of the

inter- and intra-seasonal rainfall and temperature indicators, respectively. As can be seen, areas

which are characterized by lower levels of precipitation are concentrated in the north-western

Tanzania and that this evidence appears to be slightly different according to the reference

period. Between-years standard deviation of rainfall is higher the longer the time covered by

the reference period. Over shorter time periods, we observe that the extreme north and the

south parts of the country have higher standard deviations. We also observe that the ratio of
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rainfall COV to the 25-year COV is significantly higher for the 10 year COV, suggesting longer

reference periods may be able to capture climatic change better. In terms of temperature,

coastal areas and the Dodoma region are characterized by much higher temperatures, and the

standard deviation of maximum temperature increases towards northeast. We observe that he

number of too hot dekads during the growing season compared to historical average increases as

the reference period gets shorter, suggesting that households with a shorter time horizon may

perceive experiencing more temperature shocks compared to those with longer historical time

frames.

Summarizing, our exogenous measures of weather fluctuations feature strong spatial and tem-

poral variation. In chapter 4, we shall exploit these two sources of variation in order to identify

the impact of different inter- and intra-seasonal shock definitions on income and consumption

of rural households.

We now turn to other control variables used in our analyses. Summary statistics of control

variables by wave are presented in tables 7 and 8. These variables have been mainly identified

from past empirical work and economic theory (Feder et al., 1985; Feder and Umali, 1993).

The first set is related to socio-demographics and includes age, gender, marital status of the

household head, as well as household size, dependency ratio and average level of education. The

average age of the sample household head is about 47 and around 24% were female in both

waves while about 25% (23% in the second wave) of household heads are single. The average

household size is about 5.35 (5.56), the dependency ratio is about 1.22 (1.1) while the average

number of years of education is 2.72 (5.49).

As wealth indicators, we include a wealth index based on durable goods ownership and

housing conditions as well as an agricultural machinery index based on access to agricultural

implements and machinery.20 The sample average of the wealth index is higher in wave 2 (from

0.03 to 0.22) while we observe a small reduction in the agricultural machinery index (from -0.07

to -0.08). We also include two land related characteristics such as operated land size and tenure

status. On average, land effectively cultivated is about 1.3 ha (1.4) and about 70% (60%) of the

households have a property right on their plots.

In order to control for external idiosyncratic shocks we include a dummy indicating an illness
20Livestock size (measured in tropical livestock units (TLU) has not been considered because of the high

correlation with the agricultural machinery index.
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or the death of a household member. We observe that 46% (38%) have suffered the loss of a

household member while only 11% (6%) have mat a least a member with a chronic disease. We

use the distance from the market the nearest school to control for access information, goods and

services. By increasing travel time and transaction costs, the distance from the market (about

6km and 9km in the selected rural sample) are expected to have a negative influence on the

welfare outcomes.

We use four potential policy levers both as a control in all regressions, and as interaction

variables for detailed analyses of differentiated impacts of climatic shocks on welfare outcomes.

These variables are: access to extension advice, SLM adoption, access to credit and an indicator

for smallholders. Access to government agricultural extension services is expected to have a

positive effect on our outcome measures. It is worth noting that the proportion of farmers who

have benefitted from extension advices is halved between the two considered cropping seasons

(from 13% to 6%). Relatively higher (37% in wave 1 and 31% in wave 2) is the proportion of

SLM adopters in the sample, that is the proportion of households who have adopted at least

one of these practices. Access to credit is frequently mentioned as an important tool to smooth

consumption (Morduch, 1995). In our sample, only 5% (8%) of the households had access to

credit, while about 80% of them can be classified as small-holders.

The last set of variables used in the analysis is a set of agro-ecological zone indicators. A large

proportion of the households (24%) is located in the second AEZ (Coastal Plains), about 17%

are from the Volcanoes and Rift Depressions zone (AEZ VIII), 12% from the Eastern Plateaux

and Mountain Blocks (AEZ III) and Inland Sediments (AEZ V), 10% from Western Highlands

(AEZ XI), 8% from the High Plains and Plateaux (AEZ IV) and about 5% from Ufipa Plateau

(AEZ VII) and Rukwa-Ruaha Rift Zone-Alluvial Flats zones (AEZ VI).
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Conceptual framework and
methodology

Following Dercon et al. (2005) we define shocks as “adverse events that lead to a loss of household

income, a reduction in consumption and/or a loss of productive assets”. In this study, we focus

on climatic shocks due to their role in determining household welfare (see, among the others,

Dercon, 2004; Kazianga and Udry, 2006; Tol, 2009). The predominance of rain-fed agriculture in

much of Sub-Saharan African results in food systems, hence livelihoods, that are highly sensitive

to climatic shocks.

In order to analyze the impact of these shocks on income and consumption, we follow the

conceptual framework proposed in Skoufias et al. (2011). In this framework environment, health

and consumption are viewed as part of the same system and the environment, for instance

through weather fluctuations and climatic shocks, may adversely affect rural households’ food

and non-food consumption via income shocks. These adverse effects will be observed depending

on whether households are able to put in place effective ex-ante and/or ex-post coping strategies

, the former protect households from income shocks before they occur while the latter take force

after shocks occur and help to insulate consumption patterns from income variability (Morduch,

1995). Before discussing them in more detail, it is worth noting that, as pointed out by Foster

and Rosenzweig (1995), behavioral norms and household-specific characteristics would play a

crucial role for the implementation of these strategies.

Ex-ante strategies allow households to smooth income and consist of decisions concerning

production and employment, in general decisions about the diversification of economic activities.

For instance, when the environment becomes riskier, rural households would be expected to shift

production into more conservative but less profitable crops (Rosenzweig and Binswanger, 1993).

Dercon (1996) finds that the absence of developed markets for credit, combined with the lack
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of off-farm labor opportunities, gave the incentive to cultivate low-risk, low-return crops (sweet

potatoes) to rural households in Shinyaga District of Tanzania. Analogously, a lower use of risky

inputs (like drought tolerant varieties and fertilizer) or the adoption of SLM practices (such as

soil and water conservation measures or intercropping) can lower the risk of the agricultural

activity.

Ex-post strategies, on the other hand, allow to directly smooth consumption through decisions

regarding borrowing and saving, modifying the labor supply and making use of formal/informal

insurance mechanisms. Many of these strategies may not be pursued by small-holders in low-

income countries because of incomplete or missing financial markets. But farmers may achieve

some level of consumption smoothing by accumulating and depleting non-financial assets or using

non-market mechanisms. For example, Morduch (1991) find significant level of consumption

smoothing among better-off farmers but also that small-holders face substantial constraints

in borrowing. Paxson (1992) found that household in Thailand were able to use savings to

compensate for losses of income due to rainfall shocks, hence leaving consumption unaffected.

For Ethiopia, Dercon (2004) shows that rural households were able to offset the risk of food

consumption losses caused by the low level of rainfall thanks to the allocation of the risk within

the village, leaving the aggregate rainfall shocks uninsured.

As pointed out by Morduch (1995), one way to measure the welfare cost of risk factors like

illness, business failures and weather fluctuations is to compute the amount of money rural

households would be willing to pay in order to completely offset income variability. By using a

model in which consumption smoothing strategies are not allowed at all, this amount can be ap-

proximately calculated as R(σI/µI)2/2, where σI/µI is the income COV and R = −IU
′′ (I)

U ′ (I) is the

coefficient of relative risk aversion.1 Recently, Gandelman and Hernandez-Murillo (2013) esti-

mate that the coefficient of relative risk aversion for Tanzania is 1.23, which indicates a moderate

risk aversion. By considering that the average COV of total gross income faced by households in

our sample is on the order of 101%, households would be willing to give up 63% of their income

to achieve perfect smoothing. Since the strong assumption of no consumption smoothing is not

tenable, these computations clearly overstate the willingness to pay of risk-averse households.

Nevertheless, as discussed in section 3.4, there is evidence of income smoothing for those rural

households who have adopted SLM practices.
1See the footnote 2 in Morduch (1995) for more details on the mentioned theoretical model.
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The outcome variables we analyze in this paper capture different aspects of climatic shocks

impacts. If households are able to implement sufficient ex-ante measures, we would expect to

see no impact of climate shocks on net income, calorie consumption and food expenditures.

Alternatively, statistically significant impacts on these welfare measures would indicate insuffi-

cient ex ante coping mechanisms.In the absence of ex-ante measures, households may implement

ex-post measures that may leave calorie consumption unaffected, however food expenditure may

increase for households that have no cash/credit constraints. Our analysis aims to shed light

into the extent of these linkages between climatic shocks, welfare and adaptive strategies.

4.1 Econometric strategy

As already mentioned, the goal of our econometric analysis is to assess whether and how weather

fluctuations and climate shocks affect households’ income and expenditure decisions. To this

aim, we estimate the following model

yit = αi +Rktδ + T ktγ +Xitβ + εit (4.1)

where

Rktδ = 1
R1,kt

δ1 +R2,ktδ2 +
(

1
R1,kt

)2

δ3 +R2
2,ktδ4 + R2,kt

R1,kt
δ5 + 1{R3 > 1}δ6 +

+ 1{R4 < 1}δ7 + 1{R4 > 1}δ8 + 1{0 < R5 ≤ p33}δ9 + 1{p33 < R5 ≤ p66}δ10 +

+ 1{R5 > p66}δ11

and

T ktγ = 1
T1,kt

γ1 + T2,ktγ2 +
(

1
T1,kt

)2

γ3 + T 2
2,ktγ4 + T2,kt

T1,kt
γ5 + 1{p25 < T3 ≤ p50}γ6 +

+ 1{p50 < T3 ≤ p75}γ7 + 1{T3 > p75}γ8

where the outcome variable yit for household i at time t is represented by a set of welfare in-

dicators described in section 3.3 and 3.4, Rkt and T kt represent precipitation and maximum

temperature related variables for EA k described in section 3.2, Xit represents control vari-

ables which may affect the level of the considered outcome variables and includes information

on household structure, household assets and idiosyncratic shocks as well as time fixed-effects

(see section 3.3 for a detailed description) and pth represents the th-percentile. This model

specification is explicitly reduced form, focusing on the effect of climate and weather variation

on the outcome variables per se. As pointed out by Dell et al. (2013), our approach makes
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relatively few identification assumptions compared to those that exploit weather variation as an

instrument to investigate non-climatic relationships. Thus, by assuming E[(Rkt, Tkt), εit] = 0, it

allows unusually strong causal interpretation.

As for the specification of the precipitation and temperature variables in model (4.1), we

allow for non-linear effects in different ways. First, intra-annual measures are included in the

model as a series of percentiles dummies (variables R5 and T3).2 As for the discretized SI, we

include two separate variables to control for the direction of change in seasonality. The first

variable equals to 1 if the EA in which the household is located has experienced a change in the

rainfall pattern from one in which rainfall is equally distributed to another in which almost all

rain falls in 1-3 months. The second variable equals to 1 if the EA in which the household is

located has experienced a shock in the opposite direction.

Second, as for inter-annual measures we follow the argument of Kronmal (1993) and Sørensen

(2002) by recognizing that, since the COV is just an interaction between the inverse of the mean

and standard deviation, it has to be included in the model along with its components, which are

indeed the real variables of interest in our analysis, i.e. the inter-annual level and variability of

rainfall and maximum temperature. Besides the fact that it is not good statistical practice to

include interactions in a regression model without also including the variables that comprise it,

we believe that including the COV alone is likely to mix the effect of first and second moments

of the rainfall and temperature distributions (the mean and the standard deviation) that may

have independent effects on the considered outcome measures. Moreover, the scale-invariance

property of the COV is too restrictive in our context as we try to demonstrate in figure 13. We

plot the rainfall distribution of two EAs with the same COV but characterized by a completely

different rainfall patterns. As in Kronmal (1993), we argue that the true impact of weather

variability could be confounded by that of the precipitations level in a model in which only the

COV is used as explanatory variable. Hence, we consider a quadratic polynomial which also

includes the interaction of the first and the second moment of the between-years rainfall and

maximum temperature distribution, i.e. R2,kt

R1,kt
and T2,kt

T1,kt
. Finally, the ratio of the RP average

rainfall COV over its long run average (R3) has been included as a dummy variable equal to 1
2It is worth noting that the percentiles of the R5 variable used to construct the dummies included in the

regressions have been computed considering only the EAs with a positive value of R5, i.e. EAs with a strictly
positive rainfall shortfall. This means that the reference category is represented by those EAs in which there have
not been any rainfall shortfall in the SS growing season.
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when the ratio is greater than 1 in order to allow for meaningful interpretation.

Model (4.1) allows to test the hypothesis that households are unable to completely mitigate

the negative effects of weather and/or climate shocks. As mentioned before, we consider four

different specifications of model (4.1) according to the reference period with respect to which

the climatic variables have been computed, namely the past 25, 10, 5 and 3 years with respect

to the year t for which survey data is available (t = 2009, 2011).3 Moreover, we investigate the

impact of relevant policy variables in order to test if they are effective in reducing the negative

welfare effects of weather and climate shocks. To this aim, we interact the weather and climatic

variables with dummy variables equal to one in presence of adoption of SLM practices (adoption

of at least one practice among intercropping, organic and inorganic fertilizer, soil and water

conservation measures and improved seeds), access to extension advice, access to credit and for

smallholders.4

Further, in order to investigate the effect of the weather and climatic variables on different

household profiles, especially the poorest ones, we conduct a Quantile Regression (QR) analysis

based on pooled data. It is worth noting that median regression is more robust to outliers than

classical mean regression, and it can be viewed as semi-parametric as it avoids assumptions

about the parametric distribution of the error process. Thus, OLS can be inefficient if the errors

are highly non-normal, and QR is more robust to non-normal errors and outliers. QR also

provides a richer characterization of the data, allowing us to consider the impact of a covariate

on the entire distribution of the outcome variables, not merely its conditional mean.5

3We have performed a preliminary analysis in order to avoid collinearity and other specification issues. All
estimated models and collinearity diagnostics are available upon request.

4Estimation results for models with the last three interactions are in the Appendix.
5Furthermore, QR is invariant to monotonic transformations, such as the logarithmic transformation, so that

the quantiles of h(yit), a monotone transformation of yit, may be translated back to yit simply using the inverse
transformation.
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Empirical results

In this section, we present the evidence obtained by the estimation of model (4.1) by the GLS

random effects approach for each of the outcome variables discussed in section 3.3.1 It is worth

noting that empirical results are presented in the form of elasticities computed at covariates’

means taking into account the fact that our model specification includes second-order terms

for some of the covariates. Hence, all coefficients related to continuous variables have to be

interpreted as the percentage change in the outcome variable for a 1 percent change in the

dependent variable while, all coefficients related to dummy variables, as the percentage change

in the outcome variable for a change in the dummy variable from zero to one.

Being the main focus of this study, we report the elasticities of the welfare indicators to the

inter- and intra-seasonal weather/climate shock variables for the full sample in tables from from

9 to 15. The results obtained from the estimation of model (4.1) for the SLM adopters and

non-adopters samples are reported in tables from 16 to 22. In the interest of space and keeping

the focus of the paper, we report the estimated elasticities of all other variables included in the

model specification in Appendix tables from A3.1 to A3.7.

Overall, our results highlight the intrinsic non-linearity characterizing the effects of both

inter- and intra-seasonal measures of weather fluctuations, thus confirming the need for spec-

ifying the model as in equation 4.1. Furthermore, both rainfall and maximum temperature

variability, measured here through the inter-seasonal standard deviation, appears to have a neg-

ative impact on the considered outcomes, even if results are different according to the RP with

respect to which the inter- and intra-seasonal indicators are computed. In terms of goodness of

fit, the overall R2 ranges from 16% when the dependent variable is the per-capita total gross
1Even though the fixed-effects estimator is consistent in presence of correlation between covariates and time

invariant unobserved heterogeneity, in our case the estimates are very imprecise because of the very small length
of our panel. Since the estimation sample consists of a two-period panel and serial correlation is unlikely to be
an issue, standard errors have been computed by clustering households at EA level.
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income to 37% in the case of per-capita total expenditure.

Rainfall shocks and total income:

Looking at the results for per-capita gross total income, we observe that none of the rainfall

shock variables are significant when computed relative to the 3 year averages. We find a positive

and significant effect of the between-years average of CS precipitation totals computed only for

over 10 years (see table 9 and figure A4.1). This positive significant relationship is likely due to

the fact that the distribution of the 10 years rainfall totals is peculiarly affected by the low levels

of precipitation experienced in some areas for the 1999-2003 period (see figure 3 and 5). On

the other hand, high values of the 5-year standard deviation of season precipitation totals are

associated with lower income levels, that is an increase in the short-run variability of rainfall is

significantly associated with lower levels of income (see figure A4.2). Further, we also find that

the highest quartile of the intra-seasonal precipitation shortfall compared to the 5 year average

is associated with lower levels of income (see table 9).

Another interesting finding is that, ceteris paribus, there is evidence of income-smoothing

for households that have adopted SLM practices regardless of the RP. Table 16 reports the

elasticities for the case in which model (4.1) is estimated separately for adopters and non-

adopters. We find a positive and significant effect of the 10 year average of seasonal rainfall for

non-adopters while this effect vanishes for adopters. Moreover, adopters appear to be able to

benefit from a change in rainfall seasonality towards more evenly distributed rainfall compared

to non-adopters, while the per-capita income of both adopters and non-adopters is negatively

associated with rainfall variability in the past 5 years. Figure 14 shows graphically the income-

smoothing story. According to our model, households who have adopted SLM practices show

the same average level of income and a much lower level of variability regardless of the rainfall

pattern. On the other hand, non-adopters show higher levels of income in presence of higher

levels of rainfall but this outcome appears to be affected by a higher variability, confirming the

stylized fact highlighted in section 3.4.

As for the heterogeneous impact along the distribution of income, figure 15 shows the elastic-

ity of income (over income quantiles) with respect to the 10 years average and standard deviation

of CS precipitation totals and the seasonality shock dummies for the same RP. We observe that

the most vulnerable rural households are more adversely affected by a rainfall deficit compared
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to the households in the top income quantile. Further, households in the bottom income quantile

appear to gain more from a change in rainfall seasonality from extreme to equable as compared

to those in higher income quantiles. Unexpectedly, we find no differences in the elasticities of

consumption and daily calories intake to the inter- and intra-seasonal weather variables between

the most vulnerable and the top income quantile households.2

Temperature shocks and total income:

Moving to the maximum temperature impacts on total income, we find a positive and significant

effect of the inter-seasonal average of maximum temperature regardless of the time period (see

table 9). This is in contrast with the finding in Rowhani et al. (2011), but is expected given

the small range of maximum temperature in the ECMWF’s ERA-Interim data (see section 3.4).

This result may be interpreted considering that the optimum temperature for maize and cassava

growth and development is 18 to 32◦C, with temperatures of 35◦C most detrimental. Thus, even

if it sounds contradictory to the literature, our result should be interpreted based on the fact

that the observed average maximum temperature in our data falls in the optimum temperature

range, with a very small variability across enumeration areas (see figures 10 and 11).

The temperature data used in this study (see section 3.1 for more details) come from a

re-analysis database and as such, it may suffer from interpolation bias due to the underlying

climate model. Moreover we argue that, while the effect of rainfall shocks are identifiable even

if we do not observe the rainfall timing within each dekad, the same might not be true in the

case of the maximum temperature shocks. This identifiability might be compromised because

just observing the maximum temperature for a specific dekad (e.g., 30 Celsius degrees) is likely

to be not enough to capture the adverse effects of extreme temperatures usually defined by the

number of occurrences and the duration of extreme temperatures in a specific time interval.

This interpretation seems to be confirmed by the negative and statistically significant coefficient

for the dummy variable indicating the last quartile of the distribution of the number of dekads

in which the maximum temperature exceeded the 3-years average maximum temperature (table

9). In other words, while our data do not support the expected effect of inter-seasonal maximum

temperature levels, our finding on the effect of a rough measure of the duration high temperatures

during the growing season is in line with the climate literature. When analyzed by the SLM
2Tabulations and graphs are available from the authors upon request.
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adoption groups, we observe that all impacts of temperature shocks are muted for adopters.

Rainfall shocks and consumption:

As for household consumption measured by expenditure, we observe similar results for total

expenditure, total food expenditure and the expenditure on market purchased crops.3 This is

quite expected given that, as highlighted in section 3.4, the main component of total expenditure

is represented by food expenditure (about 75% on average) and that the latter is mainly from

food crops purchased on the market. The results for the value of consumption from own-produced

crop products, however, are different as they reflect the direct impacts of shocks on production

without market interactions. Given these observations, we focus our discussion on the impact

of inter- and intra-seasonal weather indicators on market-based food crop consumption (table

12) emphasizing similarities and differences with respect to consumption of own-produced crops

(table 11), as well as with respect to total consumption (table 13) and total food consumption

(table 10).

Overall, we find no evidence of consumption smoothing since both inter- and intra-seasonal

indicators of weather fluctuations exert a significant impact on consumption. In particular, a

significant negative association between market-based food crop consumption and the between

years average of CS precipitation totals emerge, regardless of the RP. We observe a similar

evidence for total consumption and total food consumption, suggesting that households engage

in market transactions less when average rainfall levels increase. To complete this evidence, we

observe a positive and statistically significant impact of the inter-seasonal rainfall average on

consumption from own-produced crops, significant for the 10 years average. Hence, as expected,

the wetter is the area, the higher the level of consumption from own-produced crops.

A corollary to this evidence is that consumption expenditure increases when average rainfall

decreases. Given the fact that the largest share of consumption is market-based, it is likely that

this evidence is the result of higher food prices characterizing dry areas, especially in the 2011

cropping season (see, among the others, Brown, 2014; FEWS net, 2012; Adam et al., 2012). As

shown in figure 16, a negative rainfall shock may indeed result in an increase in the local price

of food items in the areas affected by drought. Maize, cassava, millet and sorghum, which play

a major role in the diet of rural households in Tanzania, are mainly traded on local markets and
3In what follows, the terms consumption and expenditure are used interchangeably.
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their price fluctuates according to local and sub-regional supply conditions. Hence, households

who are net sellers of food may benefit from food price increases following a dry season if it

compensates for their production loss. On the other hand, even if households adopt climate

adaptation strategies to smooth income, net buyers of food may suffer from high food prices,

which in turn overrides their efforts to offset income variability. Thus, a likely explanation for

the negative relationship between consumption and rainfall is that, in the case of Tanzanian

rural households living in dry areas, a large share of consumption is from market purchases and

the vast majority of rural households are net buyers of food.4

Interestingly, we also find that an increase in the long-run rainfall variability (over 10 and

25 years) is significantly associated with higher levels of food expenditure (total and crops). As

before, this results is likely to be driven by the purchased component of food consumption, as

rainfall variability is unrelated with consumption of own-produced food crops. Moreover, and

in line with the above findings, we observe that a much lower amount of rainfall in the current

season (as compared to the 3 years inter-seasonal average) has a significant and negative impact

on the level of own-produced food consumption while the opposite is true for the market-based

consumption. Further, consumption of own-produced crops is higher in those areas where the

seasonality of rainfall changed from an extreme to an equable distribution during the cropping

season.

Looking at the rainfall shock results for the share of food expenditure in total expenditure, we

observe that the higher the intra-seasonal precipitation shortfall the higher the food expenditure

share (see table 14). Again, this results is likely to be driven by the price effect, which mainly

affects net food buyer households. No significant effects of inter-seasonal measure of rainfall

level and variability are observed.

Finally, as to the rainfall shock impacts on daily calorie intake, we find that lower levels of

average rainfall in the last 3 and 5 years are associated with higher per capita calorie intake.

This finding possibly follows from the price impact mentioned above together with the fact that

market purchased food is more calorie dense than own produced crops. We also find that higher

rainfall shortfall in the current season as compared to the long-run rainfall average (25 and 10

years), exerts a negative impact on the level of per-capita daily calorie intake.
4Even though all expenditures considered in this study are expressed in real terms, we think that the Fisher

price index computed quarterly for the whole country is not able to account for the price shocks that affect local
markets of staple commodities differently across space and time.
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Looking at the differences between adopters and non-adopters of SLM, we find that a rain-

fall seasonality shock from an equable towards a more extreme distribution decreases the food

expenditure non-adopters only. Whereas, a shock in the opposite direction increases the value

of own-produced crops for adopters only. This finding suggests that SLM may play a role in

mitigating the effects of negative rainfall shocks and allowing households to benefit from positive

shocks. In other words it seems to play a role in decreasing the welfare cost of rainfall shocks.

Temperature shocks and consumption:

Temperature shock’s impacts on various expenditure categories (except the value of own-produced

crop consumption) are similar as was the case for rainfall shocks above. Higher inter-seasonal

average temperature is associated with both higher expenditures and calorie intake, whereas

higher inter-seasonal temperature variation is associated with lower values of own-produced

crop consumption. Moreover, as the inter-seasonal variation of temperature increases, both the

share of food expenditure and the daily calorie intake decrease. There are no clear differences

between SLM adopters and non-adopters in terms of impacts of temperature shocks other than

the finding that the effects of these shocks on food expenditure are muted for adopters.

We also analyzed the differences in impacts of shocks by other potential policy variables,

including smallholder dummy, credit access and extension advice) as mentioned above. The

results of these specifications are presented in tables from A3.8 to A3.28, and we only highlight

the salient results here. We find that, only for smallholders, rainfall shortfalls decrease the

total income, and lower rainfall and higher temperatures increase food expenditure. We also

find that households with access to credit are not much affected by rainfall or temperature

shocks in terms of food expenditures, suggesting that credit may facilitate ex-ante measures

to smooth consumption rather than being used as ex-post coping strategy. This result should

be interpreted as suggestive, as only 5-8% of households have access to credit in our data. As

for extension advice, we find that high rainfall shortfall is associated with increased per capita

food expenditure only for those without extension advice. The corollary is also true, in that

households without extension advice have significantly lower own-produced crop consumption

under high rainfall shortfall conditions.
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Conclusion and policy implications

This paper contributes to the climate change literature by using a novel data set that combines

information coming from two large-scale household surveys with geo-referenced historical rainfall

and temperature data in order to estimate the impacts of inter- and intra-seasonal weather

variation indicators on a set of income and consumption related welfare indicators. Moreover,

we investigate the heterogeneity of impacts by reference period over which the indicators are

computed and along the income distribution. The welfare indicators we analyze are: total gross

income, total food consumption expenditure, the value of consumption from own-produced crops,

market-based crop food expenditure, total consumption expenditure and daily calorie intake.

Overall, our results highlight that both rainfall and maximum temperature variability, mea-

sured by the inter-seasonal standard deviation, appear to exert a negative impact on the outcome

indicators. Although specific results differ by the reference period with respect to which the vari-

ability measures are computed, most significant impacts are observed for shock periods covering

at least 5 years preceding the year in which the outcome variables are observed. We find a

strongly positive and significant effect of the between-years average of cropping season precipi-

tation totals computed over the past 10 years on gross total income per-capita. This evidence

is also confirmed by the negative and significant association between income and the level of

intra-seasonal precipitation shortfall.

Another interesting finding is that, ceteris paribus, there is evidence of a significant income-

smoothing for those households that have adopted SLM practices regardless of the reference

period. Whereas non-adopters are affected by many rainfall and temperature shock indicators,

total income of SLM adopters is not affected by these shocks. These results highlight the poten-

tial role of SLM practices (i.e. maize-legume intercropping, soil and water conservation measures,

and the use of organic fertilizers) in acting as ex-ante weather-risk coping strategies. We also

find that the most vulnerable rural households are more adversely affected by a negative rainfall
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shock compared to the households in the upper parts of the income distribution. Further, house-

holds in the bottom of the income distribution benefit more from a positive change in rainfall

seasonality (i.e. from extreme to equable) as compared with the high income ones, underlining

the importance of targeting weather risk mitigation interventions to the most vulnerable.

Overall, we find no evidence of consumption smoothing since both inter- and intra-seasonal

indicators of weather fluctuations exert significant impacts on consumption measured by a large

set of indicators. In particular, a significant negative association emerges between expenditures

on market-based food crop consumption and the between years average of cropping season pre-

cipitation totals, regardless of the reference period. We observe a similar evidence for total

consumption and total food consumption. Corollary to this, we observe a positive and statis-

tically significant impact of the 10 years inter-seasonal rainfall average on consumption from

own-produced crops. Given the fact that the largest share of consumption is market-based and

the seasonal rainfall trend has been downwards in the last 25 years, we posit that the negative

relationship between expenditures on market-based consumption and rainfall is likely the result

of higher local food prices resulting from drier seasons.

Our estimates also show the presence of a positive and significant association between the

intra-seasonal rainfall shortfall and food expenditure’s share. Daily calorie intake is affected

negatively by rainfall shortfall compared to the long run averages (25 and 10 years), by increased

rainfall variability compared to the 5 year average as well as by increased variability in season

maximum temperatures (for all the reference periods).

We observe negative impacts of variation in temperature on calorie intake and consumption

from own-produced crops. However, our temperature data based on dekadal statistics do not

provide clear relationships between the levels of temperature and welfare outcomes analyzed

here. We think maximum temperatures over 10-day intervals may not be able to capture the

negative impacts of too warm temperatures that depend on the frequency and the duration of

the shock. Another reason is that the temperature range in our data falls in the optimal growing

temperature range for most staple crops in Tanzania, therefore not resulting in the expected

negative relationships between temperature shocks and welfare. Future research on this topic

should consider using daily temperature data to create more detailed indicators of temperature

shocks in order to capture these impacts. Comparing results based on re-analysis data with

those of gridded/weather station data where possible should be also pursued when possible to
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check robustness of findings.

A couple of salient policy implications emerge from our analyses: rural households in Tan-

zania on average lack effective ways of ex-ante and ex-post weather risk coping strategies, as

we observe significant impacts of rainfall and temperature shocks (especially calculated using

at least 5 years of data) on average household. Our finding that total income of households

that use SLM practices are not affected by shocks suggests that improving access to SLM may

help rural households to cope with weather-related income shocks. This result, combined with

the finding that high rainfall shortfall negatively affects the consumption of own-produced crops

only for those without extension advice, underlines the key role played by extension services in

enhancing adaptive capacity and, as a consequence, in reducing rural households vulnerability

to adverse weather conditions. We also highlight the disproportionately negative income effects

from weather shocks for households in the bottom part of the income distribution, underlining

the importance of targeting the most vulnerable households in policy interventions to improve

food security in the face of weather shocks.

34



Bibliography

Adam, C., Kwimbere, D., Mbowe, W., and O’Connell, S. (2012). Working paper 163 - food

prices and inflation in tanzania. Working paper series, African Development Bank.

Arndt, C., Farmer, W., Strzepek, K., and Thurlow, J. (2012). Climate change, agriculture and

food security in tanzania. Review of Development Economics, 16(3):378–393.

Auffhammer, M., Hsiang, S. M., Schlenker, W., and Sobel, A. (2013). Using weather data and

climate model output in economic analyses of climate change. Technical report, National

Bureau of Economic Research.

Barrios, S., Bertinelli, L., and Strobl, E. (2010). Trends in rainfall and economic growth in africa:

A neglected cause of the african growth tragedy. The Review of Economics and Statistics,

92(2):350–366.

Barrios, S., Ouattara, B., and Strobl, E. (2008). The impact of climatic change on agricultural

production: Is it different for africa? Food Policy, 33(4):287 – 298.

Brown, M. (2014). Food Security, Food Prices And Climate Variability. Routledge.

Brückner, M. and Ciccone, A. (2011). Rain and the democratic window of opportunity. Econo-

metrica, 79(3):923–947.

Carletto, G., Covarrubias, K., Davis, B., Krausova, M., and Winters, P. (2007). Rural income

generating activities study: Methodological note on the construction of income aggregates.

Technical documentation, Food and Agriculture Organization of the United Nations.

Dell, M., Jones, B. F., and Olken, B. A. (2012). Temperature shocks and economic growth:

Evidence from the last half century. American Economic Journal: Macroeconomics, 4(3):66–

95.

35



Dell, M., Jones, B. F., and Olken, B. A. (2013). What do we learn from the weather? the new

climate-economy literature. Technical report, National Bureau of Economic Research.

Dercon, S. (1996). Risk, crop choice, and savings: Evidence from tanzania. Economic develop-

ment and cultural change, 44(3):485–514.

Dercon, S. (2004). Growth and shocks: evidence from rural ethiopia. Journal of Development

Economics, 74(2):309 – 329.

Dercon, S., Hoddinott, J., and Woldehanna, T. (2005). Shocks and consumption in 15 ethiopian

villages, 1999-2004. Journal of African Economies.

Deschenes, O. and Greenstone, M. (2007). The economic impacts of climate change: evidence

from agricultural output and random fluctuations in weather. The American Economic Re-

view, 97(1):354–385.

Feder, G., Just, R., and Zilberman, D. (1985). Adoption of Agricultural Innovations in Devel-

oping Countries: A Survey. Economic Development and Cultural Change, 33(2):255–298.

Feder, G. and Umali, D. L. (1993). The adoption of agricultural innovations: A review. Tech-

nological Forecasting and Social Change, 43(3-4):215–239.

FEWS net (2012). October tanzania remote monitoring update. Technical report, Famine Early

Warning Systems Network.

Fischer, D. (2003). Assessment of the agricultural sector in tanzania. Technical report, USAID

and Tanzania Economic growth office.

Fisher, A. C., Hanemann, W. M., Roberts, M. J., and Schlenker, W. (2012). The economic

impacts of climate change: evidence from agricultural output and random fluctuations in

weather: comment. The American Economic Review, 102(7):3749–3760.

Foster, A. D. and Rosenzweig, M. R. (1995). Learning by doing and learning from others: Human

capital and technical change in agriculture. Journal of political Economy, pages 1176–1209.

Gandelman, N. and Hernandez-Murillo, R. (2013). Risk Aversion at the Country Level. Working

Papers 2014-5, Federal Reserve Bank of St. Louis.

36



Hsiang, S. M. (2010). Temperatures and cyclones strongly associated with economic production

in the caribbean and central america. Proceedings of the National Academy of Sciences,

107(35):15367–15372.

Kazianga, H. and Udry, C. (2006). Consumption smoothing? livestock, insurance and drought

in rural burkina faso. Journal of Development Economics, 79(2):413–446.

Kronmal, R. A. (1993). Spurious correlation and the fallacy of the ratio standard revisited.

Journal of the Royal Statistical Society. Series A (Statistics in Society), pages 379–392.

Miguel, E., Satyanath, S., and Sergenti, E. (2004). Economic shocks and civil conflict: An

instrumental variables approach. Journal of political Economy, 112(4):725–753.

Morduch, J. (1991). Consumption smoothing across space: Tests for village-level responses to

risk. draft, Harvard University.

Morduch, J. (1995). Income smoothing and consumption smoothing. Journal of economic

perspectives, 9:103–103.

NAPA (2007). National adaptation programme of action (napa). Technical report, Vice Presi-

dent’s Office, Division of Environment, Dar es Salaam, Tanzania.

Novella, N. S. and Thiaw, W. M. (2013). African rainfall climatology version 2 for famine early

warning systems. Journal of Applied Meteorology and Climatology, 52(3):588–606.

Patt, A. G. and Winkler, J. (2007). Applying climate information in africa: An assessment of

current knowledge. Technical report, Prepared for the U.S. National Oceanic and Atmospheric

Administration.

Paxson, C. H. (1992). Using Weather Variability to Estimate the Response of Savings to Tran-

sitory Income in Thailand. American Economic Review, 82(1):15–33.

Rosenzweig, M. R. and Binswanger, H. P. (1993). Wealth, weather risk and the composition

and profitability of agricultural investments. The Economic Journal, pages 56–78.

Rowhani, P., Lobell, D. B., Linderman, M., and Ramankutty, N. (2011). Climate variability

and crop production in tanzania. Agricultural and Forest Meteorology, 151(4):449–460.

37



Skoufias, E., Vinha, K., and Conroy, H. (2011). The impacts of climate variability on welfare in

rural mexico. World Bank Policy Research Working Paper Series, Vol.

Sørensen, J. B. (2002). The use and misuse of the coefficient of variation in organizational

demography research. Sociological methods and research, 30(4):475–491.

Tanzania National Bureau of Statistics (2012). National panel survey report. Wave 2 - 2010/11,

Tanzania National Bureau of Statistics.

Tanzania National Bureau of Statistics (2013). 2012 population and housing census. Technical

report, National Bureau of Statistics and Office of Chief Government Statistician.

Thornton, P. and Cramer, L. (2012). Impacts of climate change on the agricultural and aquatic

systems and natural resources within the cgiarÕs mandate. Technical report, CCAFS Working
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Annex 1: Tables1

1All tables in this paper are the authors’ own elaborations.
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Table 2: Number of farmers by survey status and wave in the original and selected samples

(a) Original sample

Wave1 Wave2
Original HH in the same location 2193 2193
Original HH in a new location 328 328
Splitted-off HH 647 1403
Attrition 97 0
Total 3265 3924

(b) Selected sample (rural households)

Wave1 Wave2
Original HH in the same location 1479 1570
Original HH in a new location 137 147
Splitted-off HH 412 912
Attrition 35 0
Total 2063 2629



Table 3: Outcome variables average by quartiles of selected demographic indicators (std.dev. in parenthesis).

Household average years of education
1st 2nd 3rd 4th Overall

Total gross income per capita∗ 238.9 339.7 537.3 1042.1 431.2
(8.407) (12.19) (24.16) (89.55) (12.15)

Food exp. per capita∗(Own-prod., crops) 68.86 67.39 66.32 38.99 65.17
(1.747) (1.856) (1.758) (3.282) (0.992)

Food exp. per capita∗(Purchased, crops) 81.71 101.7 130.5 249.7 117.1
(2.589) (2.777) (3.377) (9.553) (1.882)

Food expenditure per capita∗ 227.0 268.2 342.6 469.4 296.4
(4.942) (5.162) (6.115) (16.80) (3.393)

Total expenditure per capita∗ 352.8 405.8 492.6 872.4 456.2
(6.248) (7.801) (9.788) (36.92) (5.674)

Food expenditure’s share 0.840 0.806 0.785 0.684 0.800
(0.00282) (0.00356) (0.00324) (0.00803) (0.00191)

Daily calories per capita 1968.7 2115.0 2237.6 2470.7 2138.1
(24.85) (26.60) (25.54) (51.60) (14.42)

Dependency ratio
1st 2nd 3rd 4th Overall

Total gross income per capita∗ 766.6 407.5 318.0 274.3 431.2
(49.90) (13.80) (16.72) (13.21) (12.15)

Food exp. per capita∗(Own-prod., crops) 78.94 65.67 53.82 60.36 65.17
(2.924) (1.500) (1.972) (1.744) (0.992)

Food exp. per capita∗(Purchased, crops) 186.4 114.8 91.09 81.55 117.1
(6.525) (2.565) (2.940) (2.440) (1.882)

Food expenditure per capita∗ 438.4 291.2 230.6 232.7 296.4
(11.45) (4.616) (5.114) (4.542) (3.393)

Total expenditure per capita∗ 714.9 446.3 347.7 333.9 456.2
(21.10) (6.877) (7.459) (6.431) (5.674)

Food expenditure’s share 0.772 0.800 0.810 0.816 0.800
(0.00506) (0.00293) (0.00433) (0.00362) (0.00191)

Daily calories per capita 2505.9 2171.6 1965.7 1891.7 2138.1
(40.09) (22.23) (29.70) (23.85) (14.42)

∗ 1000s Tanzanian Sh.
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Table 4: Outcome variables average by quartiles of inter-seasonal rainfall average (std.dev. in parenthesis).

25-years
1st 2nd 3rd 4th

Total gross income per capita∗ 330.4 410.6 708.2 445.7
(481.2) (611.8) (1534.5) (875.2)

Food exp. per capita∗(Own-prod., crops) 60.45 60.55 37.38 84.88
(66.89) (65.44) (53.45) (69.67)

Food exp. per capita∗(Purchased, crops) 122.3 116.0 194.1 83.80
(104.4) (138.5) (168.0) (106.3)

Food expenditure per capita∗ 295.5 283.5 355.0 287.8
(207.2) (238.1) (268.1) (227.9)

Total expenditure per capita∗ 443.9 432.2 594.5 439.7
(333.6) (383.7) (472.6) (391.0)

Food expenditure’s share 0.801 0.804 0.747 0.815
(0.129) (0.129) (0.142) (0.124)

Daily calories per capita 2077.5 2181.4 2249.5 2112.5
(957.0) (1040.5) (938.0) (958.4)

3-years
1st 2nd 3rd 4th

Total gross income per capita∗ 367.9 508.6 404.7 436.6
(721.6) (1024.3) (558.9) (891.7)

Food exp. per capita∗(Own-prod., crops) 51.52 56.59 65.20 83.75
(64.46) (67.47) (64.07) (68.72)

Food exp. per capita∗(Purchased, crops) 149.6 144.1 95.23 84.79
(121.9) (151.2) (119.0) (105.0)

Food expenditure per capita∗ 317.5 316.2 275.0 279.4
(227.5) (253.3) (229.2) (211.5)

Total expenditure per capita∗ 477.1 500.7 419.4 430.3
(391.0) (414.2) (353.5) (378.7)

Food expenditure’s share 0.793 0.785 0.802 0.817
(0.132) (0.138) (0.129) (0.122)

Daily calories per capita 2117.8 2193.5 2128.5 2114.0
(968.0) (1020.8) (992.1) (949.4)

∗ 1000s Tanzanian Sh.
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Table 5: Outcome variables average by quartiles of 25-years inter-seasonal rainfall average and SLM adoption
(coefficient of variation in parenthesis).

Non adopters
1st 2nd 3rd 4th Overall

Total gross income per capita∗ 312.4 426.9 741.9 459.6 448.8
(1.564) (1.562) (2.184) (2.341) (2.115)

Food exp. per capita∗(Own-prod., crops) 52.82 56.78 32.86 77.72 57.46
(1.189) (1.176) (1.561) (0.903) (1.149)

Food exp. per capita∗(Purchased, crops) 131.2 132.5 208.5 90.51 132.6
(0.852) (1.159) (0.829) (1.322) (1.075)

Food expenditure per capita∗ 288.9 296.0 364.7 287.4 301.8
(0.672) (0.871) (0.755) (0.850) (0.802)

Total expenditure per capita∗ 430.3 454.7 614.0 456.9 471.6
(0.786) (0.946) (0.803) (0.997) (0.906)

Food expenditure’s share 0.804 0.800 0.741 0.815 0.796
(0.159) (0.166) (0.189) (0.160) (0.168)

Daily calories per capita 2069.7 2217.2 2238.7 2067.7 2141.2
(0.471) (0.478) (0.410) (0.475) (0.467)

Adopters
1st 2nd 3rd 4th Overall

Total gross income per capita∗ 361.7 368.9 512.8 428.0 396.7
(1.291) (1.190) (1.686) (1.215) (1.283)

Food exp. per capita∗(Own-prod., crops) 73.74 70.21 63.59 93.95 80.24
(0.972) (0.868) (0.916) (0.724) (0.847)

Food exp. per capita∗(Purchased, crops) 106.8 73.82 110.3 75.30 86.62
(0.826) (1.004) (0.924) (1.139) (0.994)

Food expenditure per capita∗ 306.9 251.4 298.6 288.4 285.7
(0.743) (0.694) (0.713) (0.713) (0.726)

Total expenditure per capita∗ 467.5 374.6 481.3 417.8 426.1
(0.694) (0.572) (0.643) (0.690) (0.675)

Food expenditure’s share 0.797 0.812 0.780 0.815 0.807
(0.164) (0.146) (0.191) (0.141) (0.153)

Daily calories per capita 2091.2 2089.6 2311.6 2169.2 2132.0
(0.443) (0.472) (0.453) (0.427) (0.445)
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Table 6: Outcome variables average by quartiles of 3-years inter-seasonal rainfall average and SLM adoption
(coefficient of variation in parenthesis).

Non adopters
1st 2nd 3rd 4th Overall

Total gross income per capita∗ 361.3 557.3 405.7 454.6 448.8
(2.205) (2.063) (1.500) (2.390) (2.115)

Food exp. per capita∗(Own-prod., crops) 41.79 51.59 60.51 76.39 57.46
(1.350) (1.331) (1.060) (0.899) (1.149)

Food exp. per capita∗(Purchased, crops) 160.6 166.8 105.0 93.60 132.6
(0.816) (0.987) (1.271) (1.262) (1.075)

Food expenditure per capita∗ 308.4 337.4 274.7 281.8 301.8
(0.703) (0.809) (0.873) (0.803) (0.802)

Total expenditure per capita∗ 461.4 538.2 430.7 446.5 471.6
(0.877) (0.850) (0.914) (0.980) (0.906)

Food expenditure’s share 0.797 0.773 0.802 0.816 0.796
(0.164) (0.183) (0.164) (0.155) (0.168)

Daily calories per capita 2086.3 2268.7 2115.0 2077.8 2141.2
(0.468) (0.459) (0.470) (0.465) (0.467)

Adopters
1st 2nd 3rd 4th Overall

Total gross income per capita∗ 382.5 376.9 402.5 412.4 396.7
(1.354) (1.428) (1.100) (1.277) (1.283)

Food exp. per capita∗(Own-prod., crops) 73.05 70.11 74.68 93.65 80.24
(1.029) (0.888) (0.843) (0.721) (0.847)

Food exp. per capita∗(Purchased, crops) 125.3 82.63 75.49 72.94 86.62
(0.751) (0.958) (1.043) (1.134) (0.994)

Food expenditure per capita∗ 337.6 258.7 275.5 276.2 285.7
(0.737) (0.690) (0.749) (0.689) (0.726)

Total expenditure per capita∗ 511.9 399.4 396.4 408.6 426.1
(0.696) (0.592) (0.636) (0.685) (0.675)

Food expenditure’s share 0.783 0.818 0.803 0.818 0.807
(0.172) (0.147) (0.153) (0.142) (0.153)

Daily calories per capita 2187.4 1989.9 2155.7 2162.6 2132.0
(0.433) (0.470) (0.458) (0.428) (0.445)
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Table 7: Summary statistics of selected control variables (Wave 1)

Variable Obs Mean Std. Dev. Min Max
Female hh’s head 2063 .24 .43 0 1
Single hh’s head 2063 .25 .43 0 1
hh’s size 2063 5.35 2.94 1 46
hh’s head age 2063 47.38 15.78 19 102
hh’s avg yrs of education 2063 2.72 1.79 0 14
hh’s Dependency Ratio 2063 1.22 .98 0 8
Land tenure (1=owned) 2063 .7 .46 0 1
Land operated (hectares) 2063 1.43 1.58 0 21.04
Home-mkt distance (Km) 2063 6.29 7.79 0 80
Home-School distance (Km) 2063 .17 1.22 0 17
Agr. Wealth Index 2061 -.07 .95 -.59 9.89
Wealth Index 2061 .03 1.07 -1.01 10.06
Radio tenure (1=owned) 2061 .6 .49 0 1
Cell. tenure (1=owned) 2061 .28 .45 0 1
Death of HH Member (1=occurred) 2063 .46 .5 0 1
Illness of HH Member (1=occurred) 2063 .11 .31 0 1
Road density (Km/15Km EA radius) 2063 62.86 32.16 0 158.1
SLM practices (1=yes) 2063 .37 .48 0 1
Gov AG extension advices (1=yes) 2063 .13 .34 0 1
Access to credit (1=yes) 2063 .05 .22 0 1
Smallholders (1=yes) 2063 .82 .39 0 1
Coastal Plains 2063 .24 .43 0 1
Eastern Plateaux and Mountain Blocks 2063 .12 .33 0 1
High Plains and Plateaux 2063 .08 .27 0 1
Inland Sediments 2063 .12 .32 0 1
Rukwa-Ruaha Rift Zone-Alluvial Flats 2063 .02 .15 0 1
Ufipa Plateau 2063 .03 .18 0 1
Volcanoes and Rift Depressions 2063 .17 .38 0 1
Western Highlands 2063 .1 .31 0 1
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Table 8: Summary statistics of selected control variables (Wave 2)

Variable Obs Mean Std. Dev. Min Max
Female hh’s head 2629 .23 .42 0 1
Single hh’s head 2629 .23 .42 0 1
hh’s size 2629 5.56 3.25 1 55
hh’s head age 2628 47.53 16.07 18 105
hh’s avg yrs of education 2629 5.49 2.25 0 17
hh’s Dependency Ratio 2629 1.1 .91 0 7
Land tenure (1=owned) 2629 .59 .49 0 1
Land operated (hectares) 2629 1.31 1.72 0 19.83
Home-mkt distance (Km) 2612 9.54 14.41 0 132
Home-School distance (Km) 2629 .13 .5 0 4.6
Agr. Wealth Index 2629 -.08 .96 -.58 9.02
Wealth Index 2629 .22 1.36 -.95 8.38
Radio tenure (1=owned) 2629 .64 .48 0 1
Cell. tenure (1=owned) 2629 .52 .5 0 1
Death of HH Member (1=occurred) 2629 .38 .48 0 1
Illness of HH Member (1=occurred) 2629 .06 .24 0 1
Road density (Km/15Km EA radius) 2629 65 33.05 0 158.1
SLM practices (1=yes) 2629 .31 .46 0 1
Gov AG extension advices (1=yes) 2629 .06 .24 0 1
Access to credit (1=yes) 2629 .08 .27 0 1
Smallholders (1=yes) 2629 .86 .35 0 1
Coastal Plains 2629 .3 .46 0 1
Eastern Plateaux and Mountain Blocks 2629 .1 .3 0 1
High Plains and Plateaux 2629 .07 .26 0 1
Inland Sediments 2629 .1 .29 0 1
Rukwa-Ruaha Rift Zone-Alluvial Flats 2629 .02 .14 0 1
Ufipa Plateau 2629 .03 .17 0 1
Volcanoes and Rift Depressions 2629 .16 .37 0 1
Western Highlands 2629 .1 .3 0 1
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Table 9: Per-capita total gross income (4629 obs, 2764 households). Reference Period (RP), Between-years
(B), Average (AVG), Standard Deviation (SD), Survey growing season (SS).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.559 -0.848 ** -0.209 -0.079
RP-B-SD -0.767 -0.368 -0.356 ** -0.042
SI shock: extreme → equable 0.054 0.103 -0.047 0.060
SI shock: equable → extreme 0.064 0.100 0.045 0.022
SS Shortfall - 2nd quartile -0.019 -0.034 0.005 -0.057
SS shortfall - 3rd quartile -0.044 -0.046 -0.071 -0.008
SS shortfall - 4th quartile 0.060 -0.105 -0.234 * -0.108
RP-B-COV / 1983-2012 B-COV 0.121 ** 0.014 0.063

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -3.873 *** -3.896 *** -3.377 ** -3.617 **
RP-B-SD 0.083 0.237 0.008 0.003
SS # Dekads > RP-AVG - 2nd quartile 0.019 0.067 -0.011 -0.040
SS # Dekads > RP-AVG - 3rd quartile -0.052 0.014 0.031 0.034
SS # Dekads > RP-AVG - 4th quartile -0.094 -0.053 -0.015 -0.190 ***
R2 0.168 0.168 0.168 0.168

Table 10: Per-capita food expenditure

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.234 ** 0.106 0.235 *** 0.204 ***
RP-B-SD 0.163 * 0.076 -0.067 -0.013
SI shock: extreme → equable 0.043 0.062 0.009 0.013
SI shock: equable → extreme -0.035 -0.047 -0.044 -0.055 *
SS Shortfall - 2nd quartile 0.022 0.005 0.007 -0.026
SS shortfall - 3rd quartile 0.019 0.003 0.039 0.016
SS shortfall - 4th quartile 0.142 *** 0.056 0.090 ** 0.046
RP-B-COV / 1983-2012 B-COV -0.057 * -0.021 0.005

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -1.297 ** -1.573 ** -0.937 * -0.556
RP-B-SD -0.113 * -0.120 ** -0.121 *** -0.141 ***
SS # Dekads > RP-AVG - 2nd quartile -0.053 * 0.006 0.067 * 0.063 **
SS # Dekads > RP-AVG - 3rd quartile 0.028 0.050 0.031 0.070 **
SS # Dekads > RP-AVG - 4th quartile -0.102 ** -0.045 -0.020 -0.049
R2 0.330 0.323 0.324 0.325
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Table 11: Per-capita value of own-produced food consumption

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.097 -0.282 * -0.022 -0.003
RP-B-SD 0.085 -0.119 -0.050 0.006
SI shock: extreme → equable 0.070 0.129 * 0.077 0.111 *
SI shock: equable → extreme 0.019 -0.027 -0.035 -0.058
SS Shortfall - 2nd quartile 0.131 *** 0.079 * 0.089 * -0.035
SS shortfall - 3rd quartile -0.004 0.033 0.089 ** 0.059
SS shortfall - 4th quartile 0.054 -0.061 -0.020 -0.192 **
RP-B-COV / 1983-2012 B-COV -0.046 -0.094 -0.016

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.737 -1.228 -1.060 -0.689
RP-B-SD 0.035 -0.146 -0.196 ** -0.183 ***
SS # Dekads > RP-AVG - 2nd quartile -0.123 ** 0.100 * -0.003 0.000
SS # Dekads > RP-AVG - 3rd quartile -0.103 * 0.019 0.009 0.001
SS # Dekads > RP-AVG - 4th quartile -0.050 0.063 0.031 0.030
R2 0.190 0.190 0.191 0.194

Table 12: Per-capita food expenditure (purchased crop value)

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.749 *** 0.645 *** 0.553 *** 0.579 ***
RP-B-SD 0.383 *** 0.315 *** -0.030 -0.019
SI shock: extreme → equable -0.018 -0.123 0.013 -0.046
SI shock: equable → extreme -0.073 * -0.054 -0.015 -0.040
SS Shortfall - 2nd quartile -0.005 -0.097 ** -0.039 0.010
SS shortfall - 3rd quartile 0.019 0.013 0.032 0.049
SS shortfall - 4th quartile 0.237 *** 0.199 *** 0.112 ** 0.161 ***
RP-B-COV / 1983-2012 B-COV -0.001 -0.006 -0.012

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -3.117 *** -2.591 ** -1.565 * -1.540 *
RP-B-SD -0.274 *** -0.034 0.096 0.004
SS # Dekads > RP-AVG - 2nd quartile 0.026 0.016 0.007 -0.020
SS # Dekads > RP-AVG - 3rd quartile -0.004 -0.017 -0.028 0.008
SS # Dekads > RP-AVG - 4th quartile -0.050 -0.058 -0.020 -0.093 **
R2 0.415 0.413 0.403 0.407
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Table 13: Per-capita total expenditure.

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.132 -0.093 0.151 * 0.215 ***
RP-B-SD -0.095 -0.023 -0.114 ** 0.001
SI shock: extreme → equable -0.004 -0.107 -0.004 -0.029
SI shock: equable → extreme 0.008 0.004 -0.001 -0.017
SS Shortfall - 2nd quartile -0.006 -0.019 -0.018 -0.044
SS shortfall - 3rd quartile 0.008 0.016 -0.008 -0.016
SS shortfall - 4th quartile 0.097 ** 0.033 -0.046 -0.043
RP-B-COV / 1983-2012 B-COV 0.008 -0.038 -0.045

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -1.702 ** -2.038 *** -1.823 *** -1.615 **
RP-B-SD 0.042 0.108 0.020 -0.031
SS # Dekads > RP-AVG - 2nd quartile -0.032 -0.017 0.004 0.028
SS # Dekads > RP-AVG - 3rd quartile -0.054 * -0.050 -0.031 -0.011
SS # Dekads > RP-AVG - 4th quartile -0.066 -0.072 * -0.006 -0.025
R2 0.376 0.372 0.375 0.373

Table 14: Food expenditure’s share.

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.011 0.010 -0.009 -0.015
RP-B-SD 0.011 -0.022 * 0.004 -0.004
SI shock: extreme → equable 0.007 0.014 0.005 0.009
SI shock: equable → extreme 0.004 0.001 0.005 0.003
SS Shortfall - 2nd quartile 0.014 ** 0.012 * 0.011 0.023 ***
SS shortfall - 3rd quartile 0.001 0.010 0.021 *** 0.020 ***
SS shortfall - 4th quartile 0.008 -0.003 0.017 * 0.009
RP-B-COV / 1983-2012 B-COV 0.011 -0.000 0.000

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.003 -0.024 -0.038 0.018
RP-B-SD -0.010 -0.052 *** -0.025 ** -0.014 *
SS # Dekads > RP-AVG - 2nd quartile -0.010 -0.009 -0.012 -0.009
SS # Dekads > RP-AVG - 3rd quartile -0.023 *** -0.019 ** -0.020 *** -0.015 **
SS # Dekads > RP-AVG - 4th quartile -0.013 -0.002 -0.006 -0.001
R2 0.269 0.272 0.272 0.272

50



Table 15: Per-capita daily calories intake.

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.078 0.025 0.086 * 0.120 ***
RP-B-SD 0.053 -0.013 -0.079 ** -0.023
SI shock: extreme → equable -0.092 * -0.014 -0.000 0.033
SI shock: equable → extreme 0.009 0.002 0.001 0.008
SS Shortfall - 2nd quartile 0.035 * -0.002 0.010 -0.028
SS shortfall - 3rd quartile -0.053 ** -0.063 ** 0.028 0.013
SS shortfall - 4th quartile 0.021 -0.039 0.021 -0.025
RP-B-COV / 1983-2012 B-COV -0.017 -0.043 -0.027

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -1.361 *** -1.700 *** -1.369 *** -1.252 ***
RP-B-SD -0.114 ** -0.121 *** -0.122 *** -0.118 ***
SS # Dekads > RP-AVG - 2nd quartile 0.015 0.056 ** 0.119 *** 0.076 ***
SS # Dekads > RP-AVG - 3rd quartile 0.067 *** 0.088 *** 0.022 0.022
SS # Dekads > RP-AVG - 4th quartile -0.000 0.029 -0.005 -0.013
R2 0.179 0.176 0.176 0.176
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Table 16: Per-capita total gross income by SLM adoption.

(a) Non-adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.956 -1.079 ** -0.445 -0.236
RP-B-SD -1.079 -0.561 -0.534 ** -0.117
SI shock: extreme → equable -0.217 -0.189 -0.182 -0.007
SI shock: equable → extreme 0.181 * 0.169 0.153 0.124
SS Shortfall - 2nd quartile -0.125 -0.107 -0.078 -0.115
SS shortfall - 3rd quartile -0.112 -0.085 -0.186 -0.126
SS shortfall - 4th quartile 0.083 -0.261 -0.414 * -0.179
RP-B-COV / 1983-2012 B-COV 0.171 * 0.030 0.079

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -6.102 *** -5.521 *** -4.982 ** -6.137 **
RP-B-SD 0.159 0.353 0.073 0.007
SS # Dekads > RP-AVG - 2nd quartile 0.024 0.057 0.096 -0.040
SS # Dekads > RP-AVG - 3rd quartile -0.048 0.061 0.070 0.058
SS # Dekads > RP-AVG - 4th quartile -0.180 -0.082 0.012 -0.222 **
R2 0.173 0.176 0.174 0.175

(b) Adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.120 -0.184 0.012 0.027
RP-B-SD -0.076 -0.347 * -0.252 *** 0.014
SI shock: extreme → equable 0.231 *** 0.402 *** 0.211 *** 0.205 ***
SI shock: equable → extreme -0.116 -0.078 -0.104 -0.141
SS Shortfall - 2nd quartile 0.008 0.081 0.071 0.034
SS shortfall - 3rd quartile 0.026 0.029 0.037 0.074
SS shortfall - 4th quartile 0.240 ** 0.164 * 0.156 * -0.058
RP-B-COV / 1983-2012 B-COV 0.032 0.075 -0.038

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.328 -0.634 -0.295 0.000
RP-B-SD -0.055 -0.142 -0.197 * -0.070
SS # Dekads > RP-AVG - 2nd quartile 0.007 0.029 -0.035 0.007
SS # Dekads > RP-AVG - 3rd quartile 0.009 -0.053 -0.000 0.081
SS # Dekads > RP-AVG - 4th quartile 0.108 -0.028 -0.021 0.008
R2 0.256 0.256 0.252 0.250

52



Table 17: Per-capita food expenditure by SLM adoption.

(a) Non-adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.148 0.102 0.197 ** 0.179 **
RP-B-SD 0.101 0.046 -0.067 -0.040
SI shock: extreme → equable -0.041 0.000 0.001 0.022
SI shock: equable → extreme -0.044 -0.064 * -0.074 ** -0.075 *
SS Shortfall - 2nd quartile -0.001 -0.043 -0.014 -0.053
SS shortfall - 3rd quartile -0.012 0.007 0.053 0.012
SS shortfall - 4th quartile 0.089 0.027 0.073 0.019
RP-B-COV / 1983-2012 B-COV -0.032 -0.007 -0.002

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -1.978 *** -1.886 ** -1.411 ** -1.185 *
RP-B-SD -0.113 -0.115 -0.051 -0.112 **
SS # Dekads > RP-AVG - 2nd quartile -0.035 0.021 0.084 * 0.074 *
SS # Dekads > RP-AVG - 3rd quartile 0.043 0.073 * 0.034 0.080 **
SS # Dekads > RP-AVG - 4th quartile -0.093 -0.051 -0.061 -0.065 *
R2 0.328 0.323 0.324 0.326

(b) Adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.342 ** 0.160 0.237 ** 0.193 *
RP-B-SD 0.411 *** 0.161 -0.003 0.046
SI shock: extreme → equable 0.093 0.137 * 0.065 0.022
SI shock: equable → extreme -0.044 -0.006 0.053 0.003
SS Shortfall - 2nd quartile 0.066 * 0.134 ** 0.074 * 0.019
SS shortfall - 3rd quartile 0.060 0.009 0.027 0.061
SS shortfall - 4th quartile 0.210 *** 0.037 0.129 ** 0.045
RP-B-COV / 1983-2012 B-COV -0.108 ** -0.053 -0.049

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.114 -0.323 -0.333 0.308
RP-B-SD -0.134 * -0.108 -0.198 *** -0.151 ***
SS # Dekads > RP-AVG - 2nd quartile -0.078 ** -0.001 0.058 0.071
SS # Dekads > RP-AVG - 3rd quartile -0.019 -0.004 -0.004 0.069
SS # Dekads > RP-AVG - 4th quartile -0.063 0.042 0.078 0.035
R2 0.367 0.365 0.365 0.362
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Table 18: Per-capita value of own-produced food consumption by SLM adoption.

(a) Non-adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.193 -0.330 ** -0.094 -0.040
RP-B-SD 0.182 -0.050 0.002 -0.007
SI shock: extreme → equable -0.096 0.114 0.093 0.090
SI shock: equable → extreme 0.015 -0.036 -0.084 -0.107
SS Shortfall - 2nd quartile 0.107 ** 0.052 0.059 -0.125 **
SS shortfall - 3rd quartile -0.034 0.028 0.100 * 0.041
SS shortfall - 4th quartile -0.086 -0.159 -0.141 -0.282 **
RP-B-COV / 1983-2012 B-COV -0.071 -0.160 * -0.075

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -1.273 -1.552 -1.527 -1.015
RP-B-SD 0.120 -0.104 -0.100 -0.142
SS # Dekads > RP-AVG - 2nd quartile -0.111 * 0.086 -0.090 -0.049
SS # Dekads > RP-AVG - 3rd quartile -0.114 * 0.004 0.023 -0.049
SS # Dekads > RP-AVG - 4th quartile -0.043 0.029 -0.021 0.016
R2 0.194 0.192 0.194 0.197

(b) Adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.056 -0.188 0.051 0.004
RP-B-SD -0.016 -0.227 -0.118 0.036
SI shock: extreme → equable 0.188 ** 0.189 *** 0.090 0.139 **
SI shock: equable → extreme 0.027 0.021 0.066 0.011
SS Shortfall - 2nd quartile 0.177 *** 0.163 *** 0.141 ** 0.079
SS shortfall - 3rd quartile 0.072 0.074 0.086 0.130 **
SS shortfall - 4th quartile 0.294 *** 0.124 0.160 ** -0.082
RP-B-COV / 1983-2012 B-COV -0.001 0.001 0.028

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.032 -0.500 -0.472 -0.175
RP-B-SD -0.185 -0.283 ** -0.376 *** -0.244 ***
SS # Dekads > RP-AVG - 2nd quartile -0.171 ** 0.086 0.043 0.031
SS # Dekads > RP-AVG - 3rd quartile -0.133 * -0.004 -0.027 0.046
SS # Dekads > RP-AVG - 4th quartile -0.083 0.109 0.096 0.077
R2 0.210 0.210 0.217 0.225
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Table 19: Per-capita food expenditure (purchased crop value) by SLM adoption.

(a) Non-adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.647 *** 0.600 *** 0.531 *** 0.537 ***
RP-B-SD 0.369 ** 0.347 *** -0.031 -0.058
SI shock: extreme → equable 0.065 -0.100 0.045 -0.046
SI shock: equable → extreme -0.095 ** -0.056 -0.039 -0.075
SS Shortfall - 2nd quartile -0.025 -0.095 * -0.053 0.019
SS shortfall - 3rd quartile 0.024 0.027 0.049 0.075 *
SS shortfall - 4th quartile 0.237 *** 0.206 *** 0.120 ** 0.154 ***
RP-B-COV / 1983-2012 B-COV 0.045 0.020 -0.002

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -3.763 *** -3.192 ** -2.376 ** -2.316 **
RP-B-SD -0.261 ** -0.013 0.148 ** 0.022
SS # Dekads > RP-AVG - 2nd quartile 0.077 * 0.053 0.025 -0.033
SS # Dekads > RP-AVG - 3rd quartile 0.005 -0.003 -0.068 0.007
SS # Dekads > RP-AVG - 4th quartile -0.020 -0.017 -0.041 -0.091 *
R2 0.426 0.421 0.414 0.417

(b) Adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.787 *** 0.791 *** 0.559 *** 0.635 ***
RP-B-SD 0.141 0.257 * -0.036 0.037
SI shock: extreme → equable -0.157 -0.097 -0.039 -0.028
SI shock: equable → extreme -0.007 0.006 0.113 * 0.080
SS Shortfall - 2nd quartile 0.027 -0.108 0.002 -0.004
SS shortfall - 3rd quartile 0.027 -0.014 0.050 0.001
SS shortfall - 4th quartile 0.303 ** 0.174 0.242 *** 0.239 ***
RP-B-COV / 1983-2012 B-COV -0.095 0.017 -0.075

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -1.375 -1.116 -0.567 -0.615
RP-B-SD -0.172 -0.010 0.038 -0.050
SS # Dekads > RP-AVG - 2nd quartile -0.027 -0.052 0.059 0.073
SS # Dekads > RP-AVG - 3rd quartile 0.064 0.037 0.043 0.095
SS # Dekads > RP-AVG - 4th quartile -0.098 -0.082 -0.006 -0.067
R2 0.350 0.350 0.338 0.344
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Table 20: Per-capita total expenditure by SLM adoption.

(a) Non-adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.086 -0.043 0.174 0.192 **
RP-B-SD -0.048 -0.035 -0.077 -0.016
SI shock: extreme → equable -0.123 -0.137 -0.005 -0.051
SI shock: equable → extreme -0.005 -0.013 -0.016 -0.064
SS Shortfall - 2nd quartile -0.011 -0.031 -0.062 -0.058 *
SS shortfall - 3rd quartile 0.027 0.020 0.002 -0.019
SS shortfall - 4th quartile 0.029 -0.020 -0.063 -0.093 *
RP-B-COV / 1983-2012 B-COV 0.043 -0.040 -0.067

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -2.669 ** -2.458 ** -2.668 ** -2.403 **
RP-B-SD 0.035 0.087 0.039 -0.026
SS # Dekads > RP-AVG - 2nd quartile -0.075 ** -0.017 0.015 0.023
SS # Dekads > RP-AVG - 3rd quartile -0.082 ** -0.032 -0.043 0.013
SS # Dekads > RP-AVG - 4th quartile -0.094 * -0.059 -0.005 0.004
R2 0.387 0.385 0.385 0.386

(b) Adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.183 -0.054 0.010 0.134
RP-B-SD -0.049 -0.014 -0.159 ** 0.014
SI shock: extreme → equable 0.066 -0.043 0.038 0.000
SI shock: equable → extreme -0.012 0.004 0.038 0.054
SS Shortfall - 2nd quartile -0.004 0.049 0.053 -0.018
SS shortfall - 3rd quartile 0.005 0.016 0.008 -0.007
SS shortfall - 4th quartile 0.117 0.083 0.017 0.001
RP-B-COV / 1983-2012 B-COV -0.041 0.002 -0.012

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.266 -0.609 -0.669 -0.425
RP-B-SD -0.038 0.112 0.023 -0.033
SS # Dekads > RP-AVG - 2nd quartile -0.015 -0.041 -0.023 0.046
SS # Dekads > RP-AVG - 3rd quartile -0.016 -0.078 -0.022 -0.008
SS # Dekads > RP-AVG - 4th quartile -0.036 -0.094 -0.020 -0.030
R2 0.396 0.389 0.395 0.393

56



Table 21: Food expenditure’s share by SLM adoption.

(a) Non-adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.017 0.005 -0.018 -0.024
RP-B-SD 0.023 -0.024 0.009 -0.002
SI shock: extreme → equable 0.002 0.015 -0.004 0.010
SI shock: equable → extreme 0.005 -0.001 0.004 0.004
SS Shortfall - 2nd quartile 0.017 ** 0.016 ** 0.016 ** 0.030 ***
SS shortfall - 3rd quartile 0.001 0.010 0.028 *** 0.026 ***
SS shortfall - 4th quartile 0.002 -0.008 0.019 0.010
RP-B-COV / 1983-2012 B-COV 0.009 -0.010 -0.002

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.037 0.032 0.008 0.073
RP-B-SD -0.006 -0.058 *** -0.018 -0.008
SS # Dekads > RP-AVG - 2nd quartile -0.007 -0.001 -0.016 -0.016 *
SS # Dekads > RP-AVG - 3rd quartile -0.025 ** -0.015 -0.022 ** -0.016 *
SS # Dekads > RP-AVG - 4th quartile -0.007 0.003 -0.009 -0.008
R2 0.285 0.288 0.289 0.289

(b) Adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.009 0.018 0.011 0.010
RP-B-SD 0.007 -0.019 -0.004 -0.006
SI shock: extreme → equable 0.015 0.011 0.020 0.007
SI shock: equable → extreme 0.001 0.003 0.009 0.001
SS Shortfall - 2nd quartile 0.013 0.009 0.007 0.015
SS shortfall - 3rd quartile 0.006 0.011 0.012 0.016
SS shortfall - 4th quartile 0.036 ** 0.016 0.016 0.010
RP-B-COV / 1983-2012 B-COV 0.019 * 0.011 0.001

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.082 -0.139 -0.153 -0.085
RP-B-SD -0.019 -0.043 ** -0.038 ** -0.023 **
SS # Dekads > RP-AVG - 2nd quartile -0.018 * -0.022 * -0.008 0.002
SS # Dekads > RP-AVG - 3rd quartile -0.028 ** -0.028 *** -0.022 ** -0.020 *
SS # Dekads > RP-AVG - 4th quartile -0.032 * -0.014 -0.000 0.010
R2 0.246 0.248 0.246 0.248
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Table 22: Per-capita daily calories intake by SLM adoption.

(a) Non-adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.101 0.104 0.107 ** 0.129 ***
RP-B-SD 0.072 0.071 -0.065 * -0.023
SI shock: extreme → equable -0.142 ** -0.023 0.003 0.018
SI shock: equable → extreme 0.018 0.017 0.000 0.004
SS Shortfall - 2nd quartile 0.007 -0.031 -0.024 -0.071 ***
SS shortfall - 3rd quartile -0.076 *** -0.092 *** 0.010 -0.023
SS shortfall - 4th quartile -0.036 -0.084 ** -0.020 -0.070 *
RP-B-COV / 1983-2012 B-COV -0.041 -0.029 -0.044

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -1.768 *** -1.817 *** -1.478 *** -1.372 ***
RP-B-SD -0.146 *** -0.114 ** -0.110 *** -0.108 ***
SS # Dekads > RP-AVG - 2nd quartile 0.020 0.047 0.115 *** 0.067 **
SS # Dekads > RP-AVG - 3rd quartile 0.051 ** 0.079 *** 0.005 0.024
SS # Dekads > RP-AVG - 4th quartile -0.005 0.035 -0.011 -0.003
R2 0.170 0.170 0.168 0.169

(b) Adopters

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG 0.044 -0.075 0.008 0.059
RP-B-SD 0.099 -0.084 -0.071 -0.020
SI shock: extreme → equable -0.050 -0.004 -0.010 0.045
SI shock: equable → extreme 0.002 0.003 0.037 0.027
SS Shortfall - 2nd quartile 0.079 *** 0.056 0.074 ** 0.045
SS shortfall - 3rd quartile -0.012 -0.013 0.065 ** 0.091 ***
SS shortfall - 4th quartile 0.118 ** 0.050 0.110 ** 0.048
RP-B-COV / 1983-2012 B-COV 0.035 -0.055 0.016

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG -0.775 -0.921 * -0.892 * -0.717 *
RP-B-SD -0.146 *** -0.105 * -0.117 ** -0.131 ***
SS # Dekads > RP-AVG - 2nd quartile -0.009 0.049 0.110 *** 0.092 **
SS # Dekads > RP-AVG - 3rd quartile 0.078 ** 0.087 *** 0.049 0.023
SS # Dekads > RP-AVG - 4th quartile -0.019 0.014 0.010 -0.004
R2 0.236 0.227 0.227 0.230
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Annex 2: Figures1

1All figures in this paper are the authors’ own elaborations.
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Figure 1: Estimation sample: number of rural households by district

(a) 2008/2009

(b) 2010/2011



Figure 2: Households consumption: composition by quartiles of rainfall

(a) food consumption

(b) crop food consumption
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Figure 3: Historical trend of CS precipitation totals and maximum temperature

Figure 4: Rainfall seasonality
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Figure 5: Between-years average of CS precipitation totals by RP (averaged over districts and waves)
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Figure 6: Between-years standard deviation of CS precipitation totals by RP (averaged over districts and
waves)
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Figure 7: Ratio of the between-years COV computed for the past 10, 5 and 3 years (past with respect to
the year t for which survey data is available) over the 25 years between-years COV (averaged over districts
and waves)
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Figure 8: Walsh and Lawler (1981) SI by RP (averaged over districts and waves)
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Figure 9: SS precipitation shortfall in year t computed with respect to the between-years average of CS
precipitation totals by RP (averaged over districts and waves)
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Figure 10: Between-years average of CS maximum temperature by RP (averaged over districts and waves)
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Figure 11: Between-years standard deviation of CS maximum temperature by RP (averaged over districts
and waves)
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Figure 12: Number of CS dekads in which the maximum temperature exceed the RP average maximum
temperature (averaged over districts and waves)
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Figure 13: Rainfall distribution of two sample enumeration areas (2009)
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Figure 14: Predictive margins of rainfall AVG (mm) on per-capita gross total income by reference period
and adoption of SLM.

(a) 25 years (b) 3 years

Figure 15: Elasticities (at means) of level, variability and seasonality of rainfall over per-capita gross total
income quantiles - pooled regression.
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Figure 16: Food prices and cropping season monthly rainfall.
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Annex 3: Supplementary tables1

1All tables in this paper are the authors’ own elaborations.
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Table A3.1: Per-capita total gross income - control variables.

25 years 10 years 5 years 3 years
Female hh’s head -0.5524 *** -0.5695 *** -0.5345 *** -0.5329 ***
Single hh’s head 0.5163 *** 0.5244 *** 0.5083 *** 0.5076 ***
hh’s size -0.1454 *** -0.1512 *** -0.1441 *** -0.1444 ***
hh’s age -0.0059 ** -0.0061 ** -0.0057 ** -0.0053 *
hh’s avg yrs of education 0.4038 ** 0.4203 ** 0.4215 ** 0.4116 **
hh’s Dependency Ratio -0.1140 *** -0.1155 *** -0.1130 *** -0.1065 ***
Land tenure (1=owned) -0.0321 -0.0501 -0.0342 -0.0337
Land operated (hectares) 0.0272 0.0238 0.0246 0.0232
Home-mkt distance (Km) -0.0144 -0.0115 -0.0115 -0.0128
Home-School distance (Km) -0.0023 -0.0024 -0.0019 -0.0027 *
Agr. Wealth Index -0.0052 *** -0.0054 *** -0.0050 *** -0.0053 ***
Wealth Index 0.0284 *** 0.0304 *** 0.0281 *** 0.0271 ***
Radio tenure (1=owned) 0.1078 ** 0.1080 ** 0.0983 ** 0.0926 **
Cell. tenure (1=owned) 0.1466 ** 0.1522 ** 0.1409 ** 0.1504 ***
Death of HH Member (1=occurred) -0.0050 -0.0122 -0.0023 -0.0075
Illness of HH Member (1=occurred) 0.0102 -0.0073 0.0035 0.0227
Road density (Km/15Km EA radius) -0.0711 -0.0227 -0.0496 -0.0429
SLM practices (1=yes) 0.0277 0.0361 0.0331 0.0436
Gov AG extension advices (1=yes) 0.0022 0.0149 0.0033 0.0153
Access to credit 0.3376 * 0.3330 * 0.3290 * 0.3365 **
Smallholders (1=yes) 0.0080 -0.0057 0.0045 -0.0063
Coastal Plains 0.2054 0.1310 0.1356 -0.1752
Eastern Plateaux and Mountain Blocks -0.3488 ** -0.3456 ** -0.4153 *** -0.5026 ***
High Plains and Plateaux -0.0574 -0.1265 0.0426 -0.1417
Inland Sediments -0.0541 -0.1264 0.0156 -0.2113 **
Rukwa-Ruaha Rift Zone-Alluvial Flats -0.2399 -0.2370 -0.1195 -0.2909 *
Ufipa Plateau -0.0842 -0.1809 -0.1687 -0.1620
Volcanoes and Rift Depressions 0.0712 0.1033 0.0609 0.0340
Western Highlands 0.0760 0.0400 -0.0769 -0.1190
Wave 2 (1=yes) 0.2708 ** 0.1877 0.2340 ** 0.2870 ***



Table A3.2: Per-capita food expenditure - control variables.

25 years 10 years 5 years 3 years
Female hh’s head -0.1222 ** -0.1296 ** -0.1184 ** -0.1203 **
Single hh’s head 0.1911 *** 0.2115 *** 0.1933 *** 0.1956 ***
hh’s size -0.1107 *** -0.1206 *** -0.1113 *** -0.1111 ***
hh’s age 0.0001 0.0000 0.0001 0.0003
hh’s avg yrs of education 0.1443 *** 0.1579 *** 0.1467 *** 0.1510 ***
hh’s Dependency Ratio -0.0630 *** -0.0691 *** -0.0635 *** -0.0615 ***
Land tenure (1=owned) 0.0047 -0.0073 -0.0140 -0.0082
Land operated (hectares) 0.0335 *** 0.0379 *** 0.0330 *** 0.0327 ***
Home-mkt distance (Km) -0.0010 0.0013 -0.0003 -0.0016
Home-School distance (Km) -0.0022 *** -0.0028 *** -0.0016 ** -0.0015 *
Agr. Wealth Index -0.0072 *** -0.0078 *** -0.0073 *** -0.0072 ***
Wealth Index 0.0114 *** 0.0123 *** 0.0118 *** 0.0119 ***
Radio tenure (1=owned) 0.1011 *** 0.1150 *** 0.1066 *** 0.1069 ***
Cell. tenure (1=owned) 0.0820 *** 0.0987 *** 0.0906 *** 0.0929 ***
Death of HH Member (1=occurred) 0.0047 0.0105 0.0069 0.0051
Illness of HH Member (1=occurred) -0.0100 -0.0088 -0.0154 -0.0115
Road density (Km/15Km EA radius) -0.0252 -0.0071 -0.0168 -0.0083
SLM practices (1=yes) 0.0213 0.0257 0.0199 0.0188
Gov AG extension advices (1=yes) 0.0469 0.0474 0.0424 0.0462
Access to credit 0.0180 0.0157 0.0083 0.0103
Smallholders (1=yes) 0.0340 0.0418 0.0394 0.0403
Coastal Plains -0.0940 -0.1296 0.0202 -0.0124
Eastern Plateaux and Mountain Blocks -0.1844 *** -0.1185 * -0.1445 ** -0.1412 **
High Plains and Plateaux 0.0077 0.0931 0.1519 * 0.0866
Inland Sediments -0.0109 0.0942 0.0778 0.0639
Rukwa-Ruaha Rift Zone-Alluvial Flats -0.2202 ** -0.1495 -0.0984 -0.1580 **
Ufipa Plateau -0.0231 0.0641 0.0566 -0.0270
Volcanoes and Rift Depressions -0.0062 0.0250 0.0003 -0.0378
Western Highlands 0.0271 0.0456 -0.0258 -0.0777
Wave 2 (1=yes) 0.3169 *** 0.3077 *** 0.3105 *** 0.3325 ***

76



Table A3.3: Per-capita value of own-produced food consumption - control variables.

25 years 10 years 5 years 3 years
Female hh’s head 0.0073 0.0163 0.0204 0.0185
Single hh’s head 0.0058 -0.0069 -0.0012 -0.0013
hh’s size -0.0905 *** -0.0976 *** -0.0967 *** -0.0940 ***
hh’s age 0.0045 *** 0.0052 *** 0.0052 *** 0.0054 ***
hh’s avg yrs of education 0.0383 0.0478 0.0502 0.0567
hh’s Dependency Ratio -0.0654 *** -0.0702 *** -0.0677 *** -0.0698 ***
Land tenure (1=owned) 0.1488 *** 0.1489 *** 0.1508 *** 0.1572 ***
Land operated (hectares) 0.0438 ** 0.0522 *** 0.0505 ** 0.0503 ***
Home-mkt distance (Km) 0.0017 0.0079 0.0035 0.0011
Home-School distance (Km) -0.0016 -0.0018 -0.0020 -0.0013
Agr. Wealth Index -0.0008 *** -0.0008 *** -0.0008 *** -0.0007 ***
Wealth Index 0.0004 0.0004 0.0004 0.0005
Radio tenure (1=owned) 0.0328 0.0332 0.0329 0.0385
Cell. tenure (1=owned) -0.0143 -0.0066 -0.0075 -0.0044
Death of HH Member (1=occurred) -0.0290 -0.0273 -0.0181 -0.0232
Illness of HH Member (1=occurred) 0.0384 0.0312 0.0345 0.0246
Road density (Km/15Km EA radius) 0.0303 0.0389 0.0164 0.0142
SLM practices (1=yes) 0.0107 0.0112 0.0157 0.0157
Gov AG extension advices (1=yes) 0.0402 0.0525 0.0469 0.0518
Access to credit -0.0711 -0.0819 -0.0836 * -0.0797
Smallholders (1=yes) -0.0694 -0.0638 -0.0669 -0.0587
Coastal Plains -0.2297 -0.3259 ** -0.3369 ** -0.3345 ***
Eastern Plateaux and Mountain Blocks 0.0554 0.0440 -0.0082 0.0139
High Plains and Plateaux 0.0223 0.0953 0.1799 * 0.0806
Inland Sediments 0.1614 * 0.2366 ** 0.2129 ** 0.2149 **
Rukwa-Ruaha Rift Zone-Alluvial Flats -0.1803 * -0.1199 -0.0474 -0.1592
Ufipa Plateau 0.1144 0.1729 0.2270 ** 0.1642 *
Volcanoes and Rift Depressions 0.0930 0.0288 0.0170 -0.0231
Western Highlands 0.3384 *** 0.3022 *** 0.2216 ** 0.2018 **
Wave 2 (1=yes) 0.0066 -0.1284 ** -0.0249 -0.0391
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Table A3.4: Per-capita food expenditure (purchased crop value) - control variables.

25 years 10 years 5 years 3 years
Female hh’s head -0.1340 ** -0.1414 ** -0.1327 ** -0.1391 **
Single hh’s head 0.2951 *** 0.3201 *** 0.2847 *** 0.2963 ***
hh’s size -0.1132 *** -0.1196 *** -0.1067 *** -0.1090 ***
hh’s age -0.0043 *** -0.0046 *** -0.0038 *** -0.0038 ***
hh’s avg yrs of education 0.2637 *** 0.2668 *** 0.2533 *** 0.2593 ***
hh’s Dependency Ratio -0.0706 *** -0.0731 *** -0.0672 *** -0.0660 ***
Land tenure (1=owned) -0.2081 *** -0.2157 *** -0.2089 *** -0.2169 ***
Land operated (hectares) 0.0016 0.0038 -0.0006 0.0003
Home-mkt distance (Km) -0.0035 -0.0035 -0.0031 -0.0009
Home-School distance (Km) -0.0003 -0.0007 0.0006 0.0003
Agr. Wealth Index -0.0018 ** -0.0018 ** -0.0015 * -0.0016 **
Wealth Index 0.0169 *** 0.0174 *** 0.0165 *** 0.0169 ***
Radio tenure (1=owned) 0.1007 *** 0.1170 *** 0.1076 *** 0.1087 ***
Cell. tenure (1=owned) 0.1339 *** 0.1494 *** 0.1334 *** 0.1354 ***
Death of HH Member (1=occurred) 0.0546 ** 0.0563 ** 0.0370 0.0446 *
Illness of HH Member (1=occurred) 0.0073 0.0201 0.0055 0.0138
Road density (Km/15Km EA radius) 0.0277 0.0336 0.0469 0.0472
SLM practices (1=yes) -0.0068 -0.0182 -0.0213 -0.0226
Gov AG extension advices (1=yes) -0.0166 -0.0161 -0.0204 -0.0160
Access to credit 0.0350 0.0331 0.0271 0.0254
Smallholders (1=yes) 0.0358 0.0474 0.0412 0.0426
Coastal Plains -0.0175 0.0202 0.3978 *** 0.2730 **
Eastern Plateaux and Mountain Blocks -0.4493 *** -0.3493 *** -0.2427 ** -0.3028 ***
High Plains and Plateaux 0.0112 0.0549 0.0898 0.0670
Inland Sediments -0.1837 ** -0.1169 -0.0327 -0.0622
Rukwa-Ruaha Rift Zone-Alluvial Flats -0.1438 -0.1264 -0.0794 -0.0932
Ufipa Plateau -0.0762 -0.0213 -0.0151 -0.0637
Volcanoes and Rift Depressions -0.2217 *** -0.1307 * -0.0773 -0.1449 **
Western Highlands -0.2006 ** -0.1308 -0.0996 -0.1524 *
Wave 2 (1=yes) 0.0615 0.1485 *** 0.0087 0.0395
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Table A3.5: Per-capita total expenditure - control variables.

25 years 10 years 5 years 3 years
Female hh’s head -0.2643 *** -0.2788 *** -0.2724 *** -0.2741 ***
Single hh’s head 0.3356 *** 0.3593 *** 0.3509 *** 0.3545 ***
hh’s size -0.0958 *** -0.1020 *** -0.0994 *** -0.1010 ***
hh’s age -0.0015 -0.0018 -0.0016 -0.0015
hh’s avg yrs of education 0.2296 *** 0.2456 *** 0.2437 *** 0.2487 ***
hh’s Dependency Ratio -0.0942 *** -0.1008 *** -0.0972 *** -0.0968 ***
Land tenure (1=owned) -0.0704 *** -0.0812 *** -0.0756 *** -0.0718 ***
Land operated (hectares) 0.0106 0.0120 0.0110 0.0107
Home-mkt distance (Km) -0.0115 * -0.0092 -0.0108 -0.0122 *
Home-School distance (Km) -0.0015 -0.0021 * -0.0014 -0.0017
Agr. Wealth Index -0.0058 *** -0.0062 *** -0.0059 *** -0.0060 ***
Wealth Index 0.0247 *** 0.0263 *** 0.0255 *** 0.0258 ***
Radio tenure (1=owned) 0.0752 *** 0.0845 *** 0.0794 *** 0.0776 ***
Cell. tenure (1=owned) 0.1058 *** 0.1165 *** 0.1127 *** 0.1121 ***
Death of HH Member (1=occurred) 0.0142 0.0109 0.0142 0.0145
Illness of HH Member (1=occurred) 0.1178 *** 0.1277 *** 0.1200 *** 0.1172 ***
Road density (Km/15Km EA radius) -0.0190 -0.0115 -0.0100 0.0018
SLM practices (1=yes) 0.0068 0.0024 0.0090 0.0113
Gov AG extension advices (1=yes) 0.0053 0.0126 0.0048 0.0145
Access to credit 0.1726 *** 0.1826 *** 0.1804 *** 0.1829 ***
Smallholders (1=yes) 0.0055 0.0090 0.0103 0.0097
Coastal Plains 0.0357 -0.0566 0.0117 -0.1115
Eastern Plateaux and Mountain Blocks -0.2215 *** -0.2383 *** -0.2203 ** -0.2544 ***
High Plains and Plateaux 0.0682 0.0338 0.1440 0.0656
Inland Sediments -0.0624 -0.0949 -0.0187 -0.0819
Rukwa-Ruaha Rift Zone-Alluvial Flats -0.0997 -0.1201 -0.0303 -0.1040
Ufipa Plateau -0.0227 -0.0256 0.0180 -0.0136
Volcanoes and Rift Depressions 0.0555 0.0278 0.0695 0.0394
Western Highlands 0.1049 0.0975 0.0830 0.0381
Wave 2 (1=yes) 0.0145 0.0030 -0.0225 -0.0065
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Table A3.6: Food expenditure’s share - control variables.

25 years 10 years 5 years 3 years
Female hh’s head -0.0070 -0.0073 -0.0073 -0.0070
Single hh’s head -0.0130 * -0.0116 -0.0123 * -0.0129 *
hh’s size -0.0006 -0.0006 -0.0006 -0.0006
hh’s age 0.0005 *** 0.0005 *** 0.0005 *** 0.0005 ***
hh’s avg yrs of education -0.0314 *** -0.0313 *** -0.0315 *** -0.0309 ***
hh’s Dependency Ratio 0.0040 0.0045 0.0047 * 0.0045
Land tenure (1=owned) 0.0050 0.0070 0.0055 0.0048
Land operated (hectares) 0.0033 0.0032 0.0035 0.0034
Home-mkt distance (Km) -0.0020 -0.0017 -0.0015 -0.0019
Home-School distance (Km) 0.0002 0.0003 0.0002 0.0001
Agr. Wealth Index -0.0009 *** -0.0009 *** -0.0009 *** -0.0009 ***
Wealth Index -0.0048 *** -0.0047 *** -0.0047 *** -0.0047 ***
Radio tenure (1=owned) -0.0006 -0.0015 -0.0003 0.0005
Cell. tenure (1=owned) -0.0682 *** -0.0686 *** -0.0678 *** -0.0682 ***
Death of HH Member (1=occurred) -0.0023 -0.0005 -0.0009 -0.0012
Illness of HH Member (1=occurred) -0.0391 *** -0.0406 *** -0.0405 *** -0.0408 ***
Road density (Km/15Km EA radius) -0.0082 -0.0062 -0.0071 -0.0077
SLM practices (1=yes) 0.0068 0.0075 0.0069 0.0049
Gov AG extension advices (1=yes) 0.0008 0.0002 0.0017 0.0001
Access to credit -0.0393 *** -0.0406 *** -0.0402 *** -0.0394 ***
Smallholders (1=yes) 0.0091 0.0098 0.0109 0.0098
Coastal Plains 0.0155 0.0219 0.0084 0.0292 *
Eastern Plateaux and Mountain Blocks 0.0237 0.0266 * 0.0144 0.0229
High Plains and Plateaux 0.0188 0.0420 ** 0.0272 * 0.0297 **
Inland Sediments 0.0100 0.0260 * 0.0058 0.0169
Rukwa-Ruaha Rift Zone-Alluvial Flats 0.0324 * 0.0506 *** 0.0374 ** 0.0413 **
Ufipa Plateau -0.0014 0.0016 -0.0050 -0.0111
Volcanoes and Rift Depressions -0.0016 0.0026 0.0010 0.0043
Western Highlands 0.0124 0.0063 0.0134 0.0157
Wave 2 (1=yes) 0.0147 ** 0.0097 0.0169 ** 0.0084
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Table A3.7: Per-capita daily calories intake - control variables.

25 years 10 years 5 years 3 years
Female hh’s head 0.0180 0.0245 0.0226 0.0217
Single hh’s head -0.0092 -0.0117 -0.0101 -0.0092
hh’s size -0.0451 *** -0.0477 *** -0.0447 *** -0.0444 ***
hh’s age 0.0002 0.0001 0.0003 0.0003
hh’s avg yrs of education 0.0433 ** 0.0449 ** 0.0463 ** 0.0456 **
hh’s Dependency Ratio -0.0401 *** -0.0434 *** -0.0394 *** -0.0402 ***
Land tenure (1=owned) 0.0045 -0.0011 -0.0048 -0.0009
Land operated (hectares) 0.0320 *** 0.0355 *** 0.0329 *** 0.0331 ***
Home-mkt distance (Km) 0.0007 0.0009 0.0005 -0.0012
Home-School distance (Km) -0.0008 -0.0012 -0.0006 -0.0004
Agr. Wealth Index -0.0038 *** -0.0038 *** -0.0035 *** -0.0034 ***
Wealth Index 0.0052 *** 0.0053 *** 0.0053 *** 0.0055 ***
Radio tenure (1=owned) 0.0725 *** 0.0790 *** 0.0807 *** 0.0783 ***
Cell. tenure (1=owned) 0.0584 *** 0.0633 *** 0.0604 *** 0.0608 ***
Death of HH Member (1=occurred) -0.0103 -0.0061 -0.0081 -0.0084
Illness of HH Member (1=occurred) 0.0145 0.0191 0.0144 0.0172
Road density (Km/15Km EA radius) 0.0058 0.0038 -0.0004 -0.0099
SLM practices (1=yes) 0.0325 ** 0.0385 ** 0.0334 ** 0.0333 **
Gov AG extension advices (1=yes) 0.0317 0.0279 0.0291 0.0357
Access to credit 0.0461 * 0.0510 * 0.0463 * 0.0487 *
Smallholders (1=yes) 0.0205 0.0180 0.0222 0.0230
Coastal Plains -0.0743 -0.1098 * -0.0361 -0.0617
Eastern Plateaux and Mountain Blocks -0.0252 -0.0039 -0.0267 -0.0347
High Plains and Plateaux 0.0820 0.1189 ** 0.1590 *** 0.0990 *
Inland Sediments 0.1093 *** 0.1658 *** 0.1542 *** 0.1089 **
Rukwa-Ruaha Rift Zone-Alluvial Flats -0.0323 0.0113 0.0328 -0.0121
Ufipa Plateau 0.0089 0.0349 0.0603 0.0368
Volcanoes and Rift Depressions 0.0132 0.0372 0.0174 -0.0169
Western Highlands 0.1218 *** 0.1153 *** 0.0996 ** 0.0815 **
Wave 2 (1=yes) 0.0243 0.0030 0.0543 ** 0.0429
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Table A3.8: Per-capita total gross income - interaction with extension advice dummy. Elasticities
(at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no -0.560 -0.852 ** -0.186 -0.077
Extension advice: yes -0.658 -0.671 * -0.304 -0.140
RP-B-SD
Extension advice: no -0.790 -0.431 -0.367 ** -0.046
Extension advice: yes -0.726 0.165 -0.286 * -0.055
SI shock: extreme → equable
Extension advice: no 0.028 0.091 -0.068 0.063
Extension advice: yes 0.444 0.386 ** 0.221 0.026
SI shock: equable → extreme
Extension advice: no 0.061 0.101 0.044 0.026
Extension advice: yes 0.094 0.161 0.107 -0.025
SS Shortfall - 2nd quartile
Extension advice: no -0.035 -0.063 0.010 -0.048
Extension advice: yes 0.139 0.291 * 0.013 -0.096
SS shortfall - 3rd quartile
Extension advice: no -0.091 -0.083 -0.105 -0.032
Extension advice: yes 0.307 ** 0.193 0.235 0.230
SS shortfall - 4th quartile
Extension advice: no 0.042 -0.135 -0.287 * -0.146
Extension advice: yes 0.230 0.214 0.118 0.168
RP-B-COV / 1983-2012 B-COV
Extension advice: no 0.126 ** 0.006 0.039
Extension advice: yes 0.091 0.080 0.272

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no -3.981 *** -4.172 *** -3.550 ** -3.656 **
Extension advice: yes -2.663 -1.560 -1.690 -2.071
RP-B-SD
Extension advice: no 0.105 0.231 -0.018 0.016
Extension advice: yes -0.020 0.251 0.048 -0.101
SS # Dekads > RP-AVG - 2nd quartile
Extension advice: no 0.040 0.097 0.002 -0.056
Extension advice: yes -0.153 -0.207 -0.046 0.172
SS # Dekads > RP-AVG - 3rd quartile
Extension advice: no -0.056 0.027 0.039 0.048
Extension advice: yes 0.004 -0.089 0.090 -0.002
SS # Dekads > RP-AVG - 4th quartile
Extension advice: no -0.076 -0.021 0.022 -0.175 ***
Extension advice: yes -0.364 -0.327 -0.276 -0.306 *
R2 0.168 0.169 0.168 0.169
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Table A3.9: Per-capita total gross income - interaction with access to credit dummy. Elasticities (at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no -0.432 -0.734 ** -0.164 -0.016
Access to credit: yes -0.974 -0.847 -0.313 -0.619
RP-B-SD
Access to credit: no -0.779 * -0.344 -0.340 ** -0.020
Access to credit: yes -0.159 0.086 -0.150 0.034
SI shock: extreme → equable
Access to credit: no 0.046 0.125 -0.023 0.070
Access to credit: yes -1.134 *** -0.227 -0.133 -0.143
SI shock: equable → extreme
Access to credit: no 0.052 0.087 0.054 0.020
Access to credit: yes -0.117 -0.139 -0.198 0.030
SS Shortfall - 2nd quartile
Access to credit: no -0.005 0.019 0.037 -0.004
Access to credit: yes -0.148 -0.580 ** -0.205 -0.663 *
SS shortfall - 3rd quartile
Access to credit: no 0.002 -0.026 -0.026 0.032
Access to credit: yes -0.461 -0.466 -0.509 * -0.646 *
SS shortfall - 4th quartile
Access to credit: no 0.092 -0.011 -0.142 -0.049
Access to credit: yes -0.365 -1.299 -0.819 -0.646
RP-B-COV / 1983-2012 B-COV
Access to credit: no 0.138 ** 0.006 0.014
Access to credit: yes -0.085 0.025 0.279

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no -3.126 ** -2.927 ** -2.971 ** -3.142 **
Access to credit: yes -8.181 *** -7.776 ** -7.754 *** -7.906 ***
RP-B-SD
Access to credit: no 0.107 0.300 * 0.071 0.040
Access to credit: yes -0.144 -0.160 -0.594 ** -0.250 *
SS # Dekads > RP-AVG - 2nd quartile
Access to credit: no 0.003 0.041 -0.066 -0.048
Access to credit: yes 0.072 0.128 0.588 *** -0.021
SS # Dekads > RP-AVG - 3rd quartile
Access to credit: no -0.095 -0.027 -0.006 -0.028
Access to credit: yes 0.364 0.506 ** 0.331 0.721 ***
SS # Dekads > RP-AVG - 4th quartile
Access to credit: no -0.181 -0.104 -0.078 -0.212 ***
Access to credit: yes 0.254 0.374 * 0.339 0.179
R2 0.177 0.178 0.179 0.184
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Table A3.10: Per-capita total gross income - interaction with smallholders dummy. Elasticities (at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no 0.247 -0.185 0.277 0.440
Smallholders: yes -0.655 -0.878 ** -0.261 -0.135
RP-B-SD
Smallholders: no -0.657 -0.511 -0.281 -0.020
Smallholders: yes -0.771 -0.315 -0.340 * -0.032
SI shock: extreme → equable
Smallholders: no 0.184 0.102 0.190 0.298 *
Smallholders: yes 0.000 0.076 -0.077 0.013
SI shock: equable → extreme
Smallholders: no -0.039 -0.072 0.085 0.078
Smallholders: yes 0.063 0.108 0.033 -0.002
SS Shortfall - 2nd quartile
Smallholders: no 0.188 * 0.137 0.236 * 0.236 **
Smallholders: yes -0.064 -0.064 -0.058 -0.134 **
SS shortfall - 3rd quartile
Smallholders: no 0.128 0.157 0.271 ** 0.274 **
Smallholders: yes -0.080 -0.088 -0.153 * -0.077
SS shortfall - 4th quartile
Smallholders: no 0.025 -0.272 -0.202 -0.003
Smallholders: yes 0.036 -0.119 -0.279 * -0.157
RP-B-COV / 1983-2012 B-COV
Smallholders: no 0.263 ** 0.198 0.128
Smallholders: yes 0.101 -0.025 0.035

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no -3.857 ** -3.858 ** -4.531 ** -3.999 **
Smallholders: yes -3.806 ** -3.642 ** -3.339 ** -3.526 **
RP-B-SD
Smallholders: no -0.035 -0.026 -0.171 -0.159
Smallholders: yes 0.114 0.281 0.017 0.012
SS # Dekads > RP-AVG - 2nd quartile
Smallholders: no -0.128 -0.231 -0.061 -0.140
Smallholders: yes 0.038 0.103 0.010 -0.014
SS # Dekads > RP-AVG - 3rd quartile
Smallholders: no -0.303 -0.247 * -0.061 -0.009
Smallholders: yes -0.015 0.061 0.046 0.048
SS # Dekads > RP-AVG - 4th quartile
Smallholders: no -0.206 -0.046 -0.014 -0.187
Smallholders: yes -0.080 -0.044 -0.013 -0.190 ***
R2 0.168 0.169 0.168 0.169
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Table A3.11: Per-capita food expenditure - interaction with extension advice dummy. Elasticities (at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no 0.210 ** 0.100 0.223 *** 0.185 ***
Extension advice: yes 0.512 *** 0.251 0.283 * 0.351 ***
RP-B-SD
Extension advice: no 0.138 0.062 -0.077 * -0.023
Extension advice: yes 0.388 ** 0.166 0.033 0.068
SI shock: extreme → equable
Extension advice: no 0.045 0.069 0.006 0.017
Extension advice: yes 0.000 0.032 0.036 0.024
SI shock: equable → extreme
Extension advice: no -0.036 -0.055 * -0.057 * -0.058 *
Extension advice: yes -0.029 0.052 0.102 -0.016
SS Shortfall - 2nd quartile
Extension advice: no 0.021 -0.000 0.009 -0.019
Extension advice: yes 0.047 0.038 0.012 -0.048
SS shortfall - 3rd quartile
Extension advice: no 0.020 0.006 0.042 0.014
Extension advice: yes -0.012 -0.013 0.033 0.039
SS shortfall - 4th quartile
Extension advice: no 0.141 *** 0.051 0.099 ** 0.052
Extension advice: yes 0.117 0.062 0.031 -0.018
RP-B-COV / 1983-2012 B-COV
Extension advice: no -0.056 * -0.022 0.021
Extension advice: yes -0.086 0.001 -0.129

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no -1.422 ** -1.740 *** -0.963 * -0.659
Extension advice: yes -0.128 0.026 -0.165 0.301
RP-B-SD
Extension advice: no -0.128 ** -0.140 ** -0.125 *** -0.142 ***
Extension advice: yes 0.009 0.005 -0.040 -0.114 *
SS # Dekads > RP-AVG - 2nd quartile
Extension advice: no -0.055 * -0.001 0.044 0.050
Extension advice: yes -0.086 0.035 0.213 ** 0.177
SS # Dekads > RP-AVG - 3rd quartile
Extension advice: no 0.020 0.045 0.028 0.083 **
Extension advice: yes 0.074 0.077 0.013 -0.028
SS # Dekads > RP-AVG - 4th quartile
Extension advice: no -0.118 ** -0.059 -0.026 -0.055 *
Extension advice: yes 0.066 0.061 0.008 0.020
R2 0.330 0.324 0.326 0.326
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Table A3.12: Per-capita food expenditure - interaction with access to credit dummy. Elasticities (at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no 0.223 ** 0.117 0.231 *** 0.198 ***
Access to credit: yes 0.317 -0.090 0.232 0.114
RP-B-SD
Access to credit: no 0.171 * 0.103 -0.069 -0.003
Access to credit: yes 0.177 -0.162 -0.045 -0.157 *
SI shock: extreme → equable
Access to credit: no 0.048 0.067 0.005 0.012
Access to credit: yes -0.707 *** -0.097 -0.043 -0.046
SI shock: equable → extreme
Access to credit: no -0.037 -0.044 -0.042 -0.049
Access to credit: yes 0.051 -0.060 -0.085 -0.111
SS Shortfall - 2nd quartile
Access to credit: no 0.024 0.011 -0.000 -0.029
Access to credit: yes -0.025 -0.055 0.090 0.019
SS shortfall - 3rd quartile
Access to credit: no 0.035 0.006 0.051 * 0.024
Access to credit: yes -0.182 * -0.070 -0.077 -0.049
SS shortfall - 4th quartile
Access to credit: no 0.155 *** 0.072 * 0.101 *** 0.054
Access to credit: yes 0.007 -0.084 0.059 -0.012
RP-B-COV / 1983-2012 B-COV
Access to credit: no -0.057 * -0.008 -0.004
Access to credit: yes -0.022 -0.151 0.216 **

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no -1.268 ** -1.451 ** -0.870 -0.483
Access to credit: yes -2.035 ** -2.721 ** -2.130 ** -1.284
RP-B-SD
Access to credit: no -0.126 ** -0.121 ** -0.116 ** -0.139 ***
Access to credit: yes -0.025 -0.052 -0.162 * -0.130 *
SS # Dekads > RP-AVG - 2nd quartile
Access to credit: no -0.057 ** -0.003 0.061 * 0.068 **
Access to credit: yes -0.033 0.144 0.208 -0.052
SS # Dekads > RP-AVG - 3rd quartile
Access to credit: no 0.027 0.047 0.036 0.077 **
Access to credit: yes 0.049 0.070 -0.067 -0.083
SS # Dekads > RP-AVG - 4th quartile
Access to credit: no -0.103 ** -0.043 -0.013 -0.045
Access to credit: yes -0.116 -0.081 -0.110 -0.111
R2 0.331 0.324 0.326 0.325
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Table A3.13: Per-capita food expenditure - interaction with smallholders dummy. Elasticities (at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no 0.369 ** 0.055 0.208 0.174
Smallholders: yes 0.195 ** 0.108 0.232 *** 0.204 ***
RP-B-SD
Smallholders: no 0.274 * 0.134 0.035 0.002
Smallholders: yes 0.140 0.079 -0.077 -0.013
SI shock: extreme → equable
Smallholders: no 0.021 -0.063 -0.049 -0.043
Smallholders: yes 0.049 0.083 0.024 0.019
SI shock: equable → extreme
Smallholders: no -0.015 0.007 0.057 -0.078
Smallholders: yes -0.036 -0.059 * -0.054 * -0.050
SS Shortfall - 2nd quartile
Smallholders: no 0.005 0.075 -0.005 0.033
Smallholders: yes 0.024 -0.005 0.008 -0.036
SS shortfall - 3rd quartile
Smallholders: no -0.030 0.124 * 0.043 0.106 *
Smallholders: yes 0.022 -0.017 0.036 -0.001
SS shortfall - 4th quartile
Smallholders: no -0.042 -0.082 -0.112 -0.156
Smallholders: yes 0.162 *** 0.070 0.106 *** 0.067 *
RP-B-COV / 1983-2012 B-COV
Smallholders: no -0.195 *** -0.076 0.053
Smallholders: yes -0.025 -0.015 -0.001

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no -0.790 -1.162 -0.665 -0.164
Smallholders: yes -1.448 ** -1.644 *** -1.087 * -0.644
RP-B-SD
Smallholders: no -0.144 * -0.114 -0.093 -0.153 **
Smallholders: yes -0.110 * -0.119 ** -0.132 *** -0.136 ***
SS # Dekads > RP-AVG - 2nd quartile
Smallholders: no 0.008 -0.025 0.007 -0.002
Smallholders: yes -0.066 ** 0.007 0.080 ** 0.078 **
SS # Dekads > RP-AVG - 3rd quartile
Smallholders: no 0.108 * -0.023 0.012 0.103 **
Smallholders: yes 0.014 0.064 * 0.031 0.063 *
SS # Dekads > RP-AVG - 4th quartile
Smallholders: no 0.016 -0.010 0.049 0.033
Smallholders: yes -0.120 ** -0.049 -0.032 -0.060 *
R2 0.332 0.326 0.325 0.327
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Table A3.14: Per-capita own-produced crop value - interaction with extension advice dummy. Elasticities
(at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no -0.073 -0.265 -0.011 -0.009
Extension advice: yes -0.312 -0.262 -0.060 0.037
RP-B-SD
Extension advice: no 0.075 -0.147 -0.072 -0.007
Extension advice: yes 0.094 0.103 0.114 0.105
SI shock: extreme → equable
Extension advice: no 0.048 0.137 * 0.078 0.112 *
Extension advice: yes 0.356 ** 0.187 * 0.085 0.196
SI shock: equable → extreme
Extension advice: no 0.001 -0.053 -0.060 -0.074
Extension advice: yes 0.144 0.159 0.197 0.071
SS Shortfall - 2nd quartile
Extension advice: no 0.134 *** 0.079 0.085 * -0.044
Extension advice: yes 0.142 * 0.104 0.156 0.093
SS shortfall - 3rd quartile
Extension advice: no -0.023 0.015 0.084 * 0.064
Extension advice: yes 0.153 0.157 0.160 0.044
SS shortfall - 4th quartile
Extension advice: no 0.020 -0.095 -0.019 -0.178 **
Extension advice: yes 0.325 0.179 0.012 -0.205
RP-B-COV / 1983-2012 B-COV
Extension advice: no -0.044 -0.108 -0.012
Extension advice: yes -0.082 -0.001 -0.063

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no -0.882 -1.465 * -1.193 -0.841
Extension advice: yes 0.195 0.565 0.253 0.418
RP-B-SD
Extension advice: no 0.044 -0.153 -0.200 ** -0.172 **
Extension advice: yes -0.010 -0.180 -0.222 -0.281 **
SS # Dekads > RP-AVG - 2nd quartile
Extension advice: no -0.110 ** 0.102 * -0.002 0.002
Extension advice: yes -0.229 ** 0.086 0.004 -0.012
SS # Dekads > RP-AVG - 3rd quartile
Extension advice: no -0.095 * 0.028 0.006 0.017
Extension advice: yes -0.179 -0.046 0.030 -0.091
SS # Dekads > RP-AVG - 4th quartile
Extension advice: no -0.051 0.068 0.039 0.038
Extension advice: yes -0.028 0.074 -0.049 -0.001
R2 0.194 0.194 0.194 0.197
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Table A3.15: Per-capita own-produced crop value - interaction with access to credit dummy. Elasticities (at
means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no -0.092 -0.277 * -0.020 -0.000
Access to credit: yes 0.113 -0.199 0.173 -0.008
RP-B-SD
Access to credit: no 0.094 -0.126 -0.070 0.000
Access to credit: yes 0.099 0.051 0.242 0.173
SI shock: extreme → equable
Access to credit: no 0.078 0.119 0.084 0.106 *
Access to credit: yes -1.687 *** 0.290 ** -0.207 0.128
SI shock: equable → extreme
Access to credit: no 0.020 -0.035 -0.035 -0.067
Access to credit: yes -0.028 0.077 -0.065 0.138
SS Shortfall - 2nd quartile
Access to credit: no 0.123 *** 0.080 0.077 -0.036
Access to credit: yes 0.196 * 0.077 0.277 ** 0.023
SS shortfall - 3rd quartile
Access to credit: no -0.007 0.025 0.091 ** 0.061
Access to credit: yes -0.015 0.098 0.085 0.017
SS shortfall - 4th quartile
Access to credit: no 0.048 -0.050 -0.015 -0.183 **
Access to credit: yes 0.097 -0.191 -0.046 -0.365
RP-B-COV / 1983-2012 B-COV
Access to credit: no -0.040 -0.083 -0.025
Access to credit: yes -0.177 -0.321 0.016

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no -0.705 -1.113 -0.959 -0.625
Access to credit: yes -2.358 ** -2.724 ** -2.942 ** -2.141 **
RP-B-SD
Access to credit: no 0.033 -0.143 -0.196 ** -0.184 ***
Access to credit: yes 0.007 -0.133 -0.269 * -0.128
SS # Dekads > RP-AVG - 2nd quartile
Access to credit: no -0.127 ** 0.097 * -0.008 0.004
Access to credit: yes -0.057 0.161 0.220 -0.070
SS # Dekads > RP-AVG - 3rd quartile
Access to credit: no -0.103 * 0.016 0.009 0.007
Access to credit: yes -0.060 0.137 0.093 -0.160
SS # Dekads > RP-AVG - 4th quartile
Access to credit: no -0.038 0.067 0.045 0.032
Access to credit: yes -0.166 0.051 -0.136 -0.025
R2 0.192 0.192 0.193 0.196
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Table A3.16: Per-capita own-produced crop value - interaction with smallholders dummy. Elasticities (at
means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no -0.039 -0.197 0.130 0.064
Smallholders: yes -0.102 -0.279 * -0.042 -0.016
RP-B-SD
Smallholders: no 0.103 0.055 0.059 0.135 *
Smallholders: yes 0.102 -0.139 -0.065 -0.019
SI shock: extreme → equable
Smallholders: no 0.149 -0.003 0.026 0.117
Smallholders: yes 0.068 0.155 * 0.087 0.111 *
SI shock: equable → extreme
Smallholders: no 0.006 -0.062 -0.081 -0.023
Smallholders: yes 0.030 -0.021 -0.023 -0.066
SS Shortfall - 2nd quartile
Smallholders: no 0.106 * 0.111 0.023 -0.072
Smallholders: yes 0.136 *** 0.072 0.111 ** -0.032
SS shortfall - 3rd quartile
Smallholders: no -0.084 0.099 0.050 0.027
Smallholders: yes 0.012 0.014 0.103 ** 0.069
SS shortfall - 4th quartile
Smallholders: no 0.040 -0.029 -0.148 -0.528 ***
Smallholders: yes 0.062 -0.070 0.009 -0.123
RP-B-COV / 1983-2012 B-COV
Smallholders: no -0.104 -0.169 -0.113
Smallholders: yes -0.040 -0.081 0.002

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no -0.619 -0.840 -0.877 -0.359
Smallholders: yes -0.821 -1.348 -1.214 -0.747
RP-B-SD
Smallholders: no -0.174 -0.258 ** -0.358 *** -0.284 ***
Smallholders: yes 0.080 -0.124 -0.170 ** -0.165 **
SS # Dekads > RP-AVG - 2nd quartile
Smallholders: no -0.094 0.095 0.204 * 0.102
Smallholders: yes -0.125 ** 0.098 -0.063 -0.019
SS # Dekads > RP-AVG - 3rd quartile
Smallholders: no 0.093 0.113 0.041 0.085
Smallholders: yes -0.145 ** -0.001 0.003 -0.021
SS # Dekads > RP-AVG - 4th quartile
Smallholders: no 0.068 0.127 0.133 0.159 **
Smallholders: yes -0.079 0.047 0.011 0.005
R2 0.194 0.193 0.194 0.198
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Table A3.17: Per-capita purchased crop value - interaction with extension advice dummy. Elasticities (at
means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no 0.750 *** 0.653 *** 0.563 *** 0.576 ***
Extension advice: yes 0.812 *** 0.521 ** 0.367 ** 0.542 ***
RP-B-SD
Extension advice: no 0.394 *** 0.325 *** -0.031 -0.028
Extension advice: yes 0.167 0.189 -0.066 0.124
SI shock: extreme → equable
Extension advice: no 0.010 -0.107 0.015 -0.048
Extension advice: yes -0.366 -0.181 -0.033 -0.045
SI shock: equable → extreme
Extension advice: no -0.104 ** -0.087 ** -0.042 -0.068
Extension advice: yes 0.199 ** 0.236 *** 0.286 *** 0.250 ***
SS Shortfall - 2nd quartile
Extension advice: no -0.002 -0.094 ** -0.039 0.008
Extension advice: yes -0.005 -0.121 0.016 0.064
SS shortfall - 3rd quartile
Extension advice: no 0.033 0.036 0.038 0.047
Extension advice: yes -0.127 -0.238 ** -0.046 0.028
SS shortfall - 4th quartile
Extension advice: no 0.240 *** 0.194 *** 0.120 ** 0.172 ***
Extension advice: yes 0.243 * 0.278 *** 0.084 0.085
RP-B-COV / 1983-2012 B-COV
Extension advice: no -0.003 -0.001 0.003
Extension advice: yes -0.013 0.004 -0.272 *

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no -3.087 *** -2.599 ** -1.523 -1.569 *
Extension advice: yes -3.142 *** -3.028 *** -1.510 -1.331
RP-B-SD
Extension advice: no -0.288 *** -0.058 0.085 -0.005
Extension advice: yes -0.177 0.109 0.202 ** 0.100
SS # Dekads > RP-AVG - 2nd quartile
Extension advice: no 0.038 0.029 -0.005 -0.025
Extension advice: yes -0.137 -0.157 0.084 0.048
SS # Dekads > RP-AVG - 3rd quartile
Extension advice: no -0.006 -0.009 -0.035 0.011
Extension advice: yes 0.060 -0.028 0.037 -0.005
SS # Dekads > RP-AVG - 4th quartile
Extension advice: no -0.060 -0.053 -0.027 -0.099 **
Extension advice: yes 0.092 -0.134 -0.018 -0.028
R2 0.417 0.414 0.403 0.407
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Table A3.18: Per-capita purchased crop value - interaction with access to credit dummy. Elasticities (at
means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no 0.712 *** 0.642 *** 0.547 *** 0.577 ***
Access to credit: yes 1.189 *** 0.623 ** 0.685 *** 0.467 ***
RP-B-SD
Access to credit: no 0.385 *** 0.352 *** -0.011 -0.007
Access to credit: yes 0.570 ** -0.073 -0.296 *** -0.192 *
SI shock: extreme → equable
Access to credit: no -0.021 -0.112 0.008 -0.055
Access to credit: yes -0.170 * -0.385 0.075 0.019
SI shock: equable → extreme
Access to credit: no -0.075 ** -0.056 -0.017 -0.040
Access to credit: yes 0.049 -0.021 0.082 0.065
SS Shortfall - 2nd quartile
Access to credit: no -0.003 -0.094 ** -0.045 -0.000
Access to credit: yes -0.075 -0.140 0.003 0.155
SS shortfall - 3rd quartile
Access to credit: no 0.041 0.025 0.042 0.055 *
Access to credit: yes -0.230 * -0.150 -0.055 0.007
SS shortfall - 4th quartile
Access to credit: no 0.259 *** 0.221 *** 0.118 ** 0.164 ***
Access to credit: yes -0.001 -0.080 0.145 0.165
RP-B-COV / 1983-2012 B-COV
Access to credit: no 0.003 -0.004 -0.030
Access to credit: yes 0.010 0.080 0.287 **

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no -3.105 *** -2.426 ** -1.518 -1.460
Access to credit: yes -3.451 *** -3.931 *** -2.499 *** -2.250 **
RP-B-SD
Access to credit: no -0.289 *** -0.027 0.103 * 0.007
Access to credit: yes -0.192 -0.037 0.010 0.005
SS # Dekads > RP-AVG - 2nd quartile
Access to credit: no 0.021 0.010 0.013 -0.011
Access to credit: yes 0.044 0.152 -0.241 -0.206
SS # Dekads > RP-AVG - 3rd quartile
Access to credit: no -0.013 -0.019 -0.031 0.009
Access to credit: yes 0.086 0.038 -0.008 -0.063
SS # Dekads > RP-AVG - 4th quartile
Access to credit: no -0.076 -0.068 -0.025 -0.089 **
Access to credit: yes 0.153 0.075 -0.011 -0.164 *
R2 0.417 0.414 0.404 0.408
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Table A3.19: Per-capita purchased crop value - interaction with smallholders dummy. Elasticities (at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no 1.379 *** 1.156 *** 0.731 *** 0.827 ***
Smallholders: yes 0.655 *** 0.580 *** 0.513 *** 0.542 ***
RP-B-SD
Smallholders: no 0.541 * 0.233 -0.115 -0.185 **
Smallholders: yes 0.338 ** 0.326 *** -0.022 0.000
SI shock: extreme → equable
Smallholders: no -0.644 -0.440 -0.257 -0.234 *
Smallholders: yes 0.019 -0.091 0.034 -0.029
SI shock: equable → extreme
Smallholders: no 0.077 0.137 0.232 ** 0.083
Smallholders: yes -0.084 ** -0.071 * -0.032 -0.051
SS Shortfall - 2nd quartile
Smallholders: no -0.031 -0.142 -0.036 0.086
Smallholders: yes 0.000 -0.088 * -0.042 0.003
SS shortfall - 3rd quartile
Smallholders: no 0.088 0.091 0.044 0.116
Smallholders: yes 0.011 0.008 0.028 0.040
SS shortfall - 4th quartile
Smallholders: no 0.244 * -0.001 0.078 0.253 ***
Smallholders: yes 0.234 *** 0.219 *** 0.108 ** 0.148 ***
RP-B-COV / 1983-2012 B-COV
Smallholders: no -0.043 0.139 0.248 **
Smallholders: yes 0.015 -0.017 -0.043

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no -2.998 * -2.729 -0.784 -0.973
Smallholders: yes -3.249 *** -2.653 *** -1.744 * -1.714 *
RP-B-SD
Smallholders: no -0.290 * -0.090 0.249 ** -0.004
Smallholders: yes -0.265 *** -0.016 0.081 0.009
SS # Dekads > RP-AVG - 2nd quartile
Smallholders: no -0.017 0.004 -0.172 * -0.108
Smallholders: yes 0.029 0.011 0.033 -0.006
SS # Dekads > RP-AVG - 3rd quartile
Smallholders: no -0.036 -0.077 -0.021 0.008
Smallholders: yes 0.000 -0.012 -0.027 0.013
SS # Dekads > RP-AVG - 4th quartile
Smallholders: no -0.197 -0.153 -0.077 -0.121
Smallholders: yes -0.034 -0.048 -0.012 -0.088 **
R2 0.418 0.415 0.404 0.408
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Table A3.20: Per-capita total expenditure - interaction with extension advice dummy. Elasticities (at
means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no 0.126 -0.091 0.158 * 0.207 ***
Extension advice: yes 0.206 -0.200 0.057 0.231 **
RP-B-SD
Extension advice: no -0.114 -0.032 -0.123 ** -0.007
Extension advice: yes 0.028 0.016 -0.053 0.069
SI shock: extreme → equable
Extension advice: no -0.006 -0.125 -0.009 -0.030
Extension advice: yes 0.044 0.051 0.055 -0.027
SI shock: equable → extreme
Extension advice: no 0.007 -0.002 -0.008 -0.018
Extension advice: yes 0.005 0.079 0.086 -0.027
SS Shortfall - 2nd quartile
Extension advice: no -0.013 -0.031 -0.027 -0.043
Extension advice: yes 0.069 0.118 0.066 -0.047
SS shortfall - 3rd quartile
Extension advice: no 0.002 0.020 -0.011 -0.018
Extension advice: yes 0.045 -0.040 -0.006 -0.011
SS shortfall - 4th quartile
Extension advice: no 0.101 ** 0.022 -0.054 -0.043
Extension advice: yes 0.061 0.154 -0.001 -0.087
RP-B-COV / 1983-2012 B-COV
Extension advice: no -0.000 -0.040 -0.045
Extension advice: yes 0.068 -0.013 -0.026

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no -1.759 ** -2.126 *** -1.838 ** -1.623 **
Extension advice: yes -1.036 -1.307 * -1.180 -1.157 *
RP-B-SD
Extension advice: no 0.032 0.094 0.018 -0.025
Extension advice: yes 0.121 0.194 ** 0.043 -0.056
SS # Dekads > RP-AVG - 2nd quartile
Extension advice: no -0.028 -0.016 -0.025 0.008
Extension advice: yes -0.094 -0.052 0.200 ** 0.231 ***
SS # Dekads > RP-AVG - 3rd quartile
Extension advice: no -0.064 ** -0.059 * -0.033 -0.001
Extension advice: yes 0.045 0.050 0.004 -0.078
SS # Dekads > RP-AVG - 4th quartile
Extension advice: no -0.073 -0.075 * -0.003 -0.023
Extension advice: yes 0.030 -0.084 -0.020 -0.032
R2 0.376 0.372 0.375 0.373
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Table A3.21: Per-capita total expenditure - interaction with access to credit dummy. Elasticities (at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no 0.117 -0.085 0.147 * 0.204 ***
Access to credit: yes 0.328 -0.114 0.266 0.279
RP-B-SD
Access to credit: no -0.123 0.003 -0.118 ** 0.010
Access to credit: yes 0.229 -0.083 -0.016 0.002
SI shock: extreme → equable
Access to credit: no -0.006 -0.094 0.004 -0.023
Access to credit: yes -0.533 *** -0.310 * -0.242 * -0.167
SI shock: equable → extreme
Access to credit: no 0.018 0.014 0.006 -0.003
Access to credit: yes -0.157 -0.170 -0.109 -0.161
SS Shortfall - 2nd quartile
Access to credit: no 0.005 -0.003 -0.017 -0.041
Access to credit: yes -0.078 -0.163 -0.026 -0.095
SS shortfall - 3rd quartile
Access to credit: no 0.038 0.022 0.014 0.006
Access to credit: yes -0.297 ** -0.100 -0.206 * -0.202 *
SS shortfall - 4th quartile
Access to credit: no 0.112 ** 0.064 -0.022 -0.005
Access to credit: yes 0.070 -0.211 -0.127 -0.386 **
RP-B-COV / 1983-2012 B-COV
Access to credit: no 0.012 -0.023 -0.047
Access to credit: yes -0.032 -0.151 -0.024

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no -1.502 ** -1.767 ** -1.691 ** -1.424 **
Access to credit: yes -3.215 *** -3.938 *** -3.429 *** -2.990 **
RP-B-SD
Access to credit: no 0.031 0.128 * 0.033 -0.015
Access to credit: yes 0.115 0.028 -0.073 -0.116
SS # Dekads > RP-AVG - 2nd quartile
Access to credit: no -0.022 -0.032 0.005 0.027
Access to credit: yes -0.152 0.177 0.042 0.049
SS # Dekads > RP-AVG - 3rd quartile
Access to credit: no -0.044 -0.052 -0.025 -0.014
Access to credit: yes -0.129 -0.013 -0.095 0.055
SS # Dekads > RP-AVG - 4th quartile
Access to credit: no -0.071 -0.079 * -0.008 -0.018
Access to credit: yes -0.050 -0.001 -0.037 -0.036
R2 0.383 0.377 0.381 0.378

95



Table A3.22: Per-capita total expenditure - interaction with smallholders dummy. Elasticities (at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no 0.466 * 0.032 0.219 0.277 *
Smallholders: yes 0.083 -0.100 0.137 0.205 ***
RP-B-SD
Smallholders: no 0.009 0.014 0.053 -0.002
Smallholders: yes -0.107 -0.015 -0.139 ** 0.002
SI shock: extreme → equable
Smallholders: no -0.025 -0.130 0.081 -0.072
Smallholders: yes 0.001 -0.103 -0.006 -0.023
SI shock: equable → extreme
Smallholders: no 0.057 0.056 0.159 *** 0.037
Smallholders: yes 0.005 -0.004 -0.016 -0.025
SS Shortfall - 2nd quartile
Smallholders: no -0.058 -0.104 -0.035 0.063
Smallholders: yes 0.007 -0.005 -0.017 -0.061 **
SS shortfall - 3rd quartile
Smallholders: no -0.034 0.110 * -0.065 -0.013
Smallholders: yes 0.018 0.006 0.003 -0.015
SS shortfall - 4th quartile
Smallholders: no -0.092 -0.135 -0.236 * -0.152
Smallholders: yes 0.118 ** 0.062 -0.023 -0.033
RP-B-COV / 1983-2012 B-COV
Smallholders: no -0.075 -0.197 * 0.062
Smallholders: yes 0.032 -0.019 -0.062

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no -1.677 ** -2.241 *** -1.989 ** -1.594 **
Smallholders: yes -1.785 ** -2.045 *** -1.888 *** -1.641 **
RP-B-SD
Smallholders: no -0.062 0.016 0.044 -0.066
Smallholders: yes 0.059 0.133 * 0.007 -0.023
SS # Dekads > RP-AVG - 2nd quartile
Smallholders: no -0.060 0.034 -0.080 -0.031
Smallholders: yes -0.027 -0.032 0.020 0.036
SS # Dekads > RP-AVG - 3rd quartile
Smallholders: no -0.081 -0.068 -0.058 -0.069
Smallholders: yes -0.046 -0.046 -0.031 -0.002
SS # Dekads > RP-AVG - 4th quartile
Smallholders: no -0.174 * -0.118 -0.066 -0.067
Smallholders: yes -0.046 -0.066 0.004 -0.015
R2 0.376 0.373 0.375 0.374
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Table A3.23: Food expenditure’s share - interaction with extension advice dummy. Elasticities (at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no -0.010 0.014 -0.008 -0.014
Extension advice: yes -0.034 -0.025 -0.015 -0.025
RP-B-SD
Extension advice: no 0.015 -0.020 0.003 -0.003
Extension advice: yes -0.045 -0.048 0.013 -0.022
SI shock: extreme → equable
Extension advice: no 0.011 0.011 0.005 0.009
Extension advice: yes -0.049 0.027 0.000 0.016
SI shock: equable → extreme
Extension advice: no 0.004 0.001 0.006 0.003
Extension advice: yes -0.001 -0.002 -0.001 -0.005
SS Shortfall - 2nd quartile
Extension advice: no 0.013 ** 0.013 * 0.012 * 0.023 ***
Extension advice: yes 0.017 0.009 0.003 0.021
SS shortfall - 3rd quartile
Extension advice: no 0.002 0.009 0.021 *** 0.018 **
Extension advice: yes -0.008 0.017 0.036 ** 0.035 *
SS shortfall - 4th quartile
Extension advice: no 0.005 -0.006 0.018 * 0.007
Extension advice: yes 0.033 0.028 0.013 0.030
RP-B-COV / 1983-2012 B-COV
Extension advice: no 0.010 0.002 -0.000
Extension advice: yes 0.024 -0.016 0.009

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no -0.006 -0.036 -0.060 -0.006
Extension advice: yes 0.206 0.154 0.158 0.135
RP-B-SD
Extension advice: no -0.011 -0.052 *** -0.027 ** -0.014 *
Extension advice: yes 0.003 -0.038 -0.002 -0.011
SS # Dekads > RP-AVG - 2nd quartile
Extension advice: no -0.010 -0.011 -0.008 -0.006
Extension advice: yes -0.005 0.006 -0.038 -0.035
SS # Dekads > RP-AVG - 3rd quartile
Extension advice: no -0.023 *** -0.018 ** -0.021 *** -0.011
Extension advice: yes -0.024 -0.025 -0.018 -0.044 **
SS # Dekads > RP-AVG - 4th quartile
Extension advice: no -0.012 -0.001 -0.006 -0.001
Extension advice: yes -0.013 -0.012 -0.010 -0.004
R2 0.270 0.273 0.273 0.273
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Table A3.24: Food expenditure’s share - interaction with access to credit dummy. Elasticities (at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no -0.008 0.012 -0.005 -0.010
Access to credit: yes -0.041 -0.030 -0.064 * -0.106 ***
RP-B-SD
Access to credit: no 0.012 -0.024 * 0.004 -0.003
Access to credit: yes -0.002 0.004 -0.003 -0.023
SI shock: extreme → equable
Access to credit: no 0.010 0.018 0.008 0.011
Access to credit: yes -0.251 *** -0.079 -0.057 -0.055
SI shock: equable → extreme
Access to credit: no 0.002 0.000 0.003 0.002
Access to credit: yes 0.032 0.005 0.044 * 0.047
SS Shortfall - 2nd quartile
Access to credit: no 0.012 * 0.008 0.009 0.022 ***
Access to credit: yes 0.034 0.070 *** 0.029 0.038
SS shortfall - 3rd quartile
Access to credit: no 0.001 0.009 0.022 *** 0.018 **
Access to credit: yes 0.003 0.026 0.012 0.028
SS shortfall - 4th quartile
Access to credit: no 0.009 -0.003 0.015 0.008
Access to credit: yes -0.009 0.002 0.037 0.004
RP-B-COV / 1983-2012 B-COV
Access to credit: no 0.012 * -0.002 -0.004
Access to credit: yes -0.003 0.030 0.052 *

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no 0.014 -0.011 -0.027 0.029
Access to credit: yes -0.146 -0.168 -0.160 -0.097
RP-B-SD
Access to credit: no -0.011 -0.052 *** -0.027 ** -0.017 **
Access to credit: yes -0.016 -0.033 -0.008 0.040 **
SS # Dekads > RP-AVG - 2nd quartile
Access to credit: no -0.011 -0.009 -0.010 -0.007
Access to credit: yes -0.005 -0.029 -0.042 -0.063 *
SS # Dekads > RP-AVG - 3rd quartile
Access to credit: no -0.024 *** -0.018 ** -0.021 *** -0.016 **
Access to credit: yes -0.020 -0.044 0.002 -0.009
SS # Dekads > RP-AVG - 4th quartile
Access to credit: no -0.011 0.001 -0.006 -0.000
Access to credit: yes -0.035 -0.048 * -0.007 -0.020
R2 0.271 0.276 0.274 0.275
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Table A3.25: Food expenditure’s share - interaction with smallholders dummy. Elasticities (at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no -0.065 -0.034 -0.061 ** -0.038
Smallholders: yes -0.004 0.015 -0.002 -0.011
RP-B-SD
Smallholders: no 0.018 -0.019 0.008 -0.028 *
Smallholders: yes 0.007 -0.019 0.002 0.000
SI shock: extreme → equable
Smallholders: no 0.033 0.051 * 0.040 * 0.010
Smallholders: yes 0.003 0.007 0.001 0.008
SI shock: equable → extreme
Smallholders: no 0.000 -0.005 0.000 -0.027 *
Smallholders: yes 0.005 0.004 0.008 0.010
SS Shortfall - 2nd quartile
Smallholders: no 0.021 * -0.008 0.007 0.007
Smallholders: yes 0.012 * 0.016 ** 0.011 0.028 ***
SS shortfall - 3rd quartile
Smallholders: no 0.009 0.024 * 0.022 * 0.026 **
Smallholders: yes -0.001 0.007 0.022 *** 0.018 **
SS shortfall - 4th quartile
Smallholders: no 0.016 -0.002 0.031 -0.008
Smallholders: yes 0.006 -0.004 0.014 0.011
RP-B-COV / 1983-2012 B-COV
Smallholders: no 0.036 *** 0.009 0.049 **
Smallholders: yes 0.004 -0.002 -0.008

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no -0.130 -0.147 -0.220 * -0.127
Smallholders: yes 0.032 -0.006 0.001 0.040
RP-B-SD
Smallholders: no 0.007 -0.031 * -0.006 -0.011
Smallholders: yes -0.016 -0.053 *** -0.028 ** -0.014
SS # Dekads > RP-AVG - 2nd quartile
Smallholders: no -0.018 -0.006 -0.025 -0.015
Smallholders: yes -0.007 -0.008 -0.009 -0.007
SS # Dekads > RP-AVG - 3rd quartile
Smallholders: no -0.022 -0.014 -0.036 ** -0.001
Smallholders: yes -0.023 *** -0.020 *** -0.019 *** -0.018 **
SS # Dekads > RP-AVG - 4th quartile
Smallholders: no -0.022 -0.004 -0.019 0.003
Smallholders: yes -0.010 -0.003 -0.005 -0.002
R2 0.271 0.275 0.274 0.276
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Table A3.26: Per-capita daily calories intake - interaction with extension advice dummy. Elasticities (at
means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no 0.081 0.032 0.099 * 0.117 **
Extension advice: yes 0.072 -0.033 -0.010 0.125
RP-B-SD
Extension advice: no 0.050 -0.023 -0.092 *** -0.027
Extension advice: yes 0.042 0.031 0.014 0.020
SI shock: extreme → equable
Extension advice: no -0.093 * -0.036 -0.007 0.020
Extension advice: yes -0.113 0.155 * 0.039 0.194 **
SI shock: equable → extreme
Extension advice: no 0.005 -0.012 -0.013 -0.001
Extension advice: yes 0.054 0.132 ** 0.151 ** 0.084
SS Shortfall - 2nd quartile
Extension advice: no 0.030 -0.004 0.002 -0.026
Extension advice: yes 0.080 0.045 0.084 -0.030
SS shortfall - 3rd quartile
Extension advice: no -0.052 ** -0.062 ** 0.027 0.010
Extension advice: yes -0.053 -0.090 0.018 0.017
SS shortfall - 4th quartile
Extension advice: no 0.011 -0.052 0.017 -0.027
Extension advice: yes 0.120 0.091 0.059 -0.034
RP-B-COV / 1983-2012 B-COV
Extension advice: no -0.018 -0.034 -0.026
Extension advice: yes -0.016 -0.128 * -0.069

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Extension advice: no -1.387 *** -1.761 *** -1.371 *** -1.270 ***
Extension advice: yes -1.216 ** -1.160 ** -1.034 ** -1.103 **
RP-B-SD
Extension advice: no -0.112 ** -0.126 *** -0.130 *** -0.116 ***
Extension advice: yes -0.171 ** -0.125 * -0.065 -0.113 **
SS # Dekads > RP-AVG - 2nd quartile
Extension advice: no 0.015 0.046 * 0.113 *** 0.070 ***
Extension advice: yes -0.011 0.137 ** 0.157 * 0.141 *
SS # Dekads > RP-AVG - 3rd quartile
Extension advice: no 0.065 *** 0.084 *** 0.021 0.028
Extension advice: yes 0.049 0.118 * 0.038 -0.011
SS # Dekads > RP-AVG - 4th quartile
Extension advice: no -0.005 0.027 -0.002 -0.012
Extension advice: yes 0.046 0.030 -0.047 0.007
R2 0.181 0.179 0.178 0.178
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Table A3.27: Per-capita daily calories intake - interaction with access to credit dummy. Elasticities (at
means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no 0.081 0.038 0.097 * 0.126 ***
Access to credit: yes -0.017 -0.212 0.045 -0.006
RP-B-SD
Access to credit: no 0.068 0.002 -0.069 ** -0.014
Access to credit: yes -0.088 -0.230 ** -0.191 *** -0.157 ***
SI shock: extreme → equable
Access to credit: no -0.084 -0.004 0.008 0.042
Access to credit: yes -1.089 *** -0.176 ** -0.139 -0.194 **
SI shock: equable → extreme
Access to credit: no 0.004 -0.001 -0.004 0.005
Access to credit: yes 0.132 * 0.078 0.095 0.120
SS Shortfall - 2nd quartile
Access to credit: no 0.042 ** -0.008 0.009 -0.029
Access to credit: yes -0.056 0.088 0.025 0.001
SS shortfall - 3rd quartile
Access to credit: no -0.048 ** -0.062 ** 0.035 0.013
Access to credit: yes -0.074 -0.065 -0.050 0.026
SS shortfall - 4th quartile
Access to credit: no 0.025 -0.044 0.014 -0.028
Access to credit: yes 0.043 0.076 0.199 *** 0.054
RP-B-COV / 1983-2012 B-COV
Access to credit: no -0.020 -0.052 -0.039
Access to credit: yes 0.048 0.100 0.184 **

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Access to credit: no -1.353 *** -1.695 *** -1.384 *** -1.265 ***
Access to credit: yes -1.747 *** -2.365 *** -1.605 *** -1.184 ***
RP-B-SD
Access to credit: no -0.122 *** -0.126 *** -0.125 *** -0.122 ***
Access to credit: yes -0.060 -0.052 -0.110 -0.034
SS # Dekads > RP-AVG - 2nd quartile
Access to credit: no 0.018 0.056 ** 0.123 *** 0.083 ***
Access to credit: yes -0.062 0.067 0.081 -0.026
SS # Dekads > RP-AVG - 3rd quartile
Access to credit: no 0.071 *** 0.093 *** 0.025 0.029
Access to credit: yes -0.010 -0.005 -0.003 -0.125 *
SS # Dekads > RP-AVG - 4th quartile
Access to credit: no -0.003 0.033 -0.004 -0.009
Access to credit: yes -0.031 -0.081 -0.035 -0.091
R2 0.181 0.177 0.179 0.180
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Table A3.28: Per-capita daily calories intake - interaction with smallholders dummy. Elasticities (at means).

Rainfall
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no 0.057 0.069 0.128 0.106
Smallholders: yes 0.080 0.028 0.080 0.118 **
RP-B-SD
Smallholders: no 0.130 0.084 -0.028 -0.020
Smallholders: yes 0.043 -0.017 -0.084 ** -0.023
SI shock: extreme → equable
Smallholders: no -0.013 0.104 0.075 0.092
Smallholders: yes -0.102 ** -0.034 -0.006 0.021
SI shock: equable → extreme
Smallholders: no 0.028 -0.004 0.021 0.003
Smallholders: yes 0.008 0.002 -0.001 0.009
SS Shortfall - 2nd quartile
Smallholders: no 0.029 0.011 0.022 0.007
Smallholders: yes 0.036 -0.004 0.007 -0.031
SS shortfall - 3rd quartile
Smallholders: no -0.098 * -0.048 0.003 -0.010
Smallholders: yes -0.046 * -0.064 ** 0.035 0.020
SS shortfall - 4th quartile
Smallholders: no -0.033 -0.136 * -0.105 -0.152 **
Smallholders: yes 0.030 -0.023 0.040 0.002
RP-B-COV / 1983-2012 B-COV
Smallholders: no -0.059 -0.063 0.029
Smallholders: yes -0.006 -0.040 -0.037

Maximum temperature
25 years 10 years 5 years 3 years

Inverse of RP-B-AVG
Smallholders: no -1.176 *** -1.397 *** -1.203 *** -1.078 ***
Smallholders: yes -1.413 *** -1.747 *** -1.454 *** -1.310 ***
RP-B-SD
Smallholders: no -0.158 ** -0.155 ** -0.181 *** -0.166 ***
Smallholders: yes -0.106 ** -0.114 ** -0.108 *** -0.104 ***
SS # Dekads > RP-AVG - 2nd quartile
Smallholders: no 0.017 0.058 0.076 0.053
Smallholders: yes 0.016 0.055 * 0.130 *** 0.084 ***
SS # Dekads > RP-AVG - 3rd quartile
Smallholders: no 0.063 0.047 -0.029 0.066
Smallholders: yes 0.070 *** 0.097 *** 0.030 0.016
SS # Dekads > RP-AVG - 4th quartile
Smallholders: no 0.029 0.057 0.006 -0.035
Smallholders: yes -0.004 0.026 -0.008 -0.008
R2 0.180 0.178 0.178 0.179
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Annex 4: Supplementary figures1

1All figures in this paper are the authors’ own elaborations.
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Figure A4.1: Marginal effect of rainfall AVG (mm) on per-capita gross total income by reference period.

(a) 25 years (b) 10 years

(c) 5 years (d) 3 years
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Figure A4.2: Marginal effect of rainfall SD (mm) on per-capita gross total income by reference period.

(a) 25 years (b) 10 years

(c) 5 years (d) 3 years
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