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Southern Africa has been experiencing long-term changes in its climate and future projections imply that droughts should last longer and become more intense in southern Africa. Already, the region has been experiencing an increase in consecutive drought years. This study contributes to the literature by using bio-economic modeling to simulate the impact of future droughts on food security in southern Africa and identify plausible pathways for enhancing regional food security under drought. Food production and food security in southern Africa were projected under drought using an adjusted version of a multi-market and multi-commodity global model, the International Model for the Policy Analysis of Agricultural Commodities and Trade (IMPACT), version 3.2. The results suggest that with moderate economic growth and no drought, southern Africa would not become wealthy enough to mitigate food insecurity by 2040. In this context, recurrent droughts would worsen food security by severely affecting the production of maize, the key staple food in the region. With consecutive two-year regional droughts, like what was experienced in 2014/15 and 2015/16, most countries would experience an increase of at least 10% in the number of people at risk of hunger within a single year. Key measures which could help enhance food security under droughts include (1) breeding for stress-resilient maize (resistance to both heat and drought stresses); (2) promote crop and diet diversification, especially in countries highly dependent on maize as a staple food crop; and (3) invest in rainwater harvesting.

Keywords
 southern Africa; drought; bio-economic modeling; food security; strategic foresight


1 Introduction

Africa in general and Southern Africa in particular has been experiencing long-term changes in climate. More specifically, the observed mean surface air temperature has been increasing across Africa since 1980 and this is consistent with global warming trends (Hulme et al., 2001; Nicholson et al., 2013). In southern Africa, rising temperatures have also been observed (Sheffield and Wood, 2008; Jury, 2013). In addition, studies have shown that droughts are lasting longer and have also become more intense across the region whereas their frequency has increased in the northern part of the region (Fauchereau et al., 2003). In South Africa, the frequency of two-year consecutive drought has increased (Rouault and Richard, 2005).

Projections suggest that average precipitation would decrease in southern Africa, although heavy precipitation events are projected to increase. Consecutive dry days are also projected to increase across the region compared to today (Kitoh and Endo, 2016). In terms of weather extremes, an increase in the duration and intensity of droughts is projected for southern Africa (Seneviratne et al., 2012).

As a key staple food in the region, maize is a priority crop which receives considerable national attention. In Zambia, the bulk of the agricultural subsidies is directed toward maize (Culas and Hanjra, 2011). In Malawi, where the bulk of the maize is produced for own home consumption, the government operates a price band system to support maize production and control consumer prices (FAO, 2015). In Lesotho, Zimbabwe, Eswatini and Mozambique, maize also plays a central role in national food security policies (Mphale et al., 2003; Mudimu, 2003; Manyatsi and Mhazo, 2014; FAO, 2016).

However, maize is sensitive to soil moisture stress especially at flowering stage (Cairns et al., 2012). Jayanthi et al. (2014) used past weather data to estimate drought risk for maize production in the sub-regions of Malawi and Mozambique. The southern region of Malawi was found to be more prone to drought compared to the northern region. They made a similar conclusion for Mozambique where the southern region is expected to have drought return periods of 1 to 4 years which is lower than that of the northern region. Kamali et al. (2018) used biophysical and social indicators to assess drought vulnerability for maize in sub-Saharan Africa. They showed that southern Africa is more vulnerable to physical drought for maize. However, societal factors including national drought policy responses significantly influence maize vulnerability to drought across sub-Saharan Africa.

Given the future drought projections, it might be prudent to consider alternative crops as staple food in southern Africa. This foresight study contributes to the current literature by quantifying the bio-economic impact of future droughts in southern Africa; the results from this study should support disaster policies in southern Africa. The objectives of the study are:

• Simulation of the impact of future droughts on food security in southern Africa

• Identification of plausible pathways for enhancing regional food security under drought

The next section of the paper provides some background information on the importance of maize in the food diet and on the impact of past droughts on maize and agricultural production in southern Africa. The conceptual framework used in this study is described in section 3; results are presented in section 4 and they are followed by discussion in section 5. Section 6 concludes.



2 Background

This section analyzes current food consumption patterns in southern Africa to highlight the role of maize in the average diet. The section also describes the impact of past droughts on agricultural production in southern Africa. The crops considered in the analysis include maize, the key staple food crop, and major cash crops such as soybean, groundnut, cotton and tobacco. Cassava and cowpea which are drought-tolerant are also considered for contrast.


2.1 Key staple foods in southern Africa

Cereals provide 49% of the average per capita daily caloric intake in southern Africa followed by starchy roots; vegetable oils; meat, fish and eggs; and sugar & sweeteners (Figure 1). Across all countries in southern Africa, except Angola, cereals have the highest share among all food items, in terms of caloric intake. In Angola, starchy roots account for the highest share of daily caloric intake followed by cereals (Figure 1).

[image: Figure 1]

FIGURE 1
 Contribution of staple food groups to daily caloric intake in southern Africa – average of 2009 to 2011). Source: authors’ computations using data from FAOSTAT (2018).


Cereal (wheat, maize, rice, oats, barley, rye, millet, and sorghum) consumption in southern Africa is 203 kg/person. However, maize accounts for 61% of cereal consumption. Compared to the world average, maize food consumption per capita in southern Africa is four times higher. It’s only in Madagascar that rice dominates cereal consumption (Table 1).



TABLE 1 Consumption of staple food items in southern Africa – average between 2009 and 2011.
[image: Table1]

The consumption of starchy roots as food in southern Africa stands at around 128 kg per person per year which is more than twice the world average. There are six countries in southern Africa where per capita food consumption of starchy roots is much higher than the world average; these countries also account for 58% of the total population in southern Africa. They include Angola, Malawi, Mozambique, Madagascar, Namibia, and Zambia. Across the region, cassava dominates consumption of starchy roots (Table 1).

Per capita consumption of vegetable oils in southern Africa is two-thirds that of the world average. It’s only in South Africa that per capita consumption of vegetable oils is 1.11 times higher than that of the world average. In all other countries in southern Africa, except Angola, per capita consumption is half that of the world average or less. In addition, southern Africa is heavily dependent on imports to meet its vegetable oils requirements with approximately 64% of the consumed vegetable oils being imported. For some countries, namely, Zambia, Eswatini, Namibia and Botswana, imports account for 90% of total vegetable oil consumption. Palm oil tops vegetable oil consumption in southern Africa (Table 1).

Per capita consumption of meat, eggs & aquatic products in southern Africa is below that of the world average. The region is also a net importer, although it currently imports about 5% of its total consumption requirement. Poultry dominates regional meat consumption (Table 1).

Southern Africa is a net exporter of sugar and sweeteners: the region’s exports amount to 17% of its total consumption (Table 1). Per capita consumption of sugar and sweeteners is close to that of the world average, although in Eswatini, consumption is 10 times higher than that of the world average. In Eswatini, most of the sugar consumed is allocated to other uses apart from food. For southern Africa, the consumption of sugar and sweeteners as food was 20 kg/capita/year on average between 2009 and 2011, which is slightly below than the world average, 24 kg/capita/year (Table 1).



2.2 Past drought effects in southern Africa

Between 2000 and 2016, all countries experienced incidences of drought: Botswana and Zimbabwe experienced the highest number of drought events with 5 and 7 years out of 16, respectively. On the other hand, with only 2 drought reports, Zambia and Angola experienced the least number of droughts (Table 2).



TABLE 2 Past drought years (marked with “d”) and corresponding maize production (000 MT) in 11 countries in southern Africa.
[image: Table2]

Drought reduces maize production by 3 to 67.7%, rice production by 3.5 to 62.4%, soybean production by 5.7 to 46.9%, groundnut production by 3.6 to 51.8%, and cotton production by 12.9 to 67.4% across countries in southern Africa (Table 3). In two countries, namely Zambia and Zimbabwe, cotton, tobacco and groundnut production decrease substantially due to drought. For maize, all countries except Angola experience a reduction in yields due to drought. In Mozambique, Namibia, South Africa, Eswatini, Zambia and Zimbabwe, reduced area under maize also occurs. Production changes due to drought are a result of effects on yield (kg/ha) and/or area (ha) and these effects vary across countries and crops. For example, in Madagascar, groundnut production increases by 1.5% under drought (Table 3). However, the yield effect from the drought is 1.1% whereas the area effect is about 0.40%.1 On the other hand, groundnut production in Malawi increases by 18.8% under drought. However, the analysis of this change reveals that groundnut yield decreases by 9.9% under drought whereas acreage increases by 32%.2 Malawian farmers are known to replace maize with groundnut when faced with drought (Okori, 2018).



TABLE 3 Estimated effects of droughts on crop production, yield, and acreage.
[image: Table3]

Drought reduces available food supply and drives up food prices. In addition, drought erodes consumers’ income, especially for smallholder farmers who experience a reduction in agricultural production and hence income. These farmers find it difficult to purchase imported food, which has become more expensive. Here, the two-year droughts of 2014/15 and 2015/16 cropping seasons are used to analyze the impact of drought on food prices in southern Africa. In 2016, after two years of consecutive droughts, total maize production across southern Africa was 34% lower compared to that for 2014, a year characterized by no drought in the region except in Madagascar (Table 3). Real food prices were substantially higher in 2016 compared to 2014 across the region except in Angola, Botswana, and Zimbabwe (Table 3). In Angola, nominal food prices were substantially higher in 2016 compared to that for 2014. However, the Consumer Price Index (CPI) decreased substantially between the two years such that real food prices did not change much. For Botswana and Zimbabwe, there were small changes in the nominal Food Price Index (FPI) and CPI; hence, real food prices did not change much in 2016 compared to 2014. These results are consistent with reports on food insecurity which imply that less than 3% of the population in Angola and Botswana was food insecure in 2016 after a two-year drought. Zimbabwe is a peculiar case where more than 25% of the population was food insecure in 2016, after two consecutive drought years but real food prices were smaller in 2016 compared to 2014. Here, it might be that droughts affected food security by primarily reducing incomes and hence food purchasing power (Table 3).




3 Materials and methods: bio-economic modeling approach


3.1 Projections on food production, consumption, and food security in southern Africa

Projections on food production and food security under drought scenarios in southern Africa were estimated using a process-based structural framework which combines crop, climate, hydrology, and economic models to globally project production, consumption, and food security under alternative scenarios of population and income growth (Islam et al., 2016).

The framework involves gridded crop modeling which is used to simulate pixel-level rainfed and irrigated crop yields under various climate change models (Figure 2). The simulated yields are inputted into an economic model, the International Model for the Policy Analysis of Agricultural Commodities and Trade (IMPACT), version 3.2 (Robinson et al., 2015). Within IMPACT, the simulated crop yields are adjusted over time by intrinsic productivity growth rates (IPRs) to reflect technological advancement in agriculture. IPRs are measured by combining expert knowledge with past trends in Total Factor Productivity (Robinson et al., 2013). Other inputs in IMPACT include exogenous trends on global population and income growth; these trends are derived from the Shared Socio-economic Pathways (SSP) (O’Neill et al., 2014). For this study, SSP4 is used; it involves moderate but unequal economic and population growth across all countries (Robinson et al., 2013). IMPACT uses input data on crop yields, irrigated water availability, population and income growth to project agricultural production, consumption, and trade. These results are further analyzed to project food and nutrition security outcomes (Figure 2).

[image: Figure 2]

FIGURE 2
 Structural framework used to project drought effects. Source: authors’ illustration using Robinson et al. (2015) and Islam et al. (2016).


In IMPACT, legumes such as soybean and groundnut are classified between traded and non-traded. Traded legumes can be exported and their prices vary with global markets. Non-traded legumes are entirely allocated to domestic processing and are priced based on national supply and demand. The pricing system for non-traded legumes can be considered as that of a contract farming system where prices are delinked from world markets. For this study, exogenous databases in IMPACT 3.2 were adjusted to reflect the increase of 25% in maize and soybean production in SSA between 2005 and 2011.



3.2 Incorporating drought effects into the IMPACT model

The yield and acreage penalties from drought were incorporated into the IMPACT model as exogenous shocks to crop yields and/or acreage for drought years (Figure 2). For each country, crop acreage would be reduced by an exogenous rate, “[image: image]” under drought. Then, the following year, crop acreage would be returned to trend using Equation (1):

[image: image]

Where:

[image: image]= area recovery rate which brings crop acreage back to trend for commodity “c” in country “cty” at year “t” plus the number of drought years “n”; “n” = 1, 2…, “n” consecutive drought years.

[image: image]= acreage loss brought by drought for commodity “c” in country “cty” during year “t”.

The same approach is used for incorporating yield loss from drought into the IMPACT model. After the drought year, crop yield is brought back to trend using Equation (2):

[image: image]

Where:

[image: image]= recovery rate which brings yield back to trend for commodity “c” in country “cty” at year “t” plus the number of drought years “n”; “n” = 1, 2…, “n” consecutive drought years.

[image: image]= yield loss from drought for commodity “c” in country “cty” during year “t”.

In IMPACT, only the yield and acreage losses (Table 1) from drought were used. For example, the positive yield increase for Angola was not inputted as an exogenous shock in the model; similarly, the positive acreage changes for Malawi and Madagascar were not inputted into the model (Table 1). It can be safely assumed that the yield and acreage losses are mainly caused by drought, an external physical event. However, positive yield and acreage losses are mainly influenced by socio-economic factors, including relative price changes; hence, they can be considered as an indirect effect of drought. An optimization model such as IMPACT should be able to capture the indirect effects of droughts. In IMPACT, food production units for each country are defined relative to water basins and it is assumed that farmers in each food production units allocate land and other inputs across agricultural commodities depending on relative output prices. In the model, consumer demand for food is dependent on population growth and preferences which vary and change over time based on income changes. IMPACT solves for long-run optimal international trade through the following Equation (3) expression (Robinson et al., 2015):

[image: image]

Where:

[image: image]= net exports in thousand metric tonnes for country “cty” and commodity “c” for year “t”.

The annual solution on international trade generates world and national price signals which are used to project long-run agricultural production and food consumption. Net exports defined as a function of production, demand, and stocks is written in Equation (4): 

[image: image]

Where:

[image: image]= annual production of commodity “c”: by country “cty” for year “t”.

[image: image]= annual consumption of commodity “c” by country “cty” for year “t”.

[image: image]= annual stock of commodity “c” by country “cty” for year “t”.

The projections on national food production and consumption are then used to estimate food security using the equations and coefficients derived from Fischer et al. (2005). More specifically, the share of people at risk of hunger is defined through Equation (5):

[image: image]

Where:

[image: image]= share of the population which is at risk of hunger for country “cty” and for year “t”.

[image: image]= relative kilocaloric consumption in country “cty” in year “t”.

And where relative caloric consumption is in Equation (6):

[image: image]

Where:

[image: image]= average caloric consumption in country “cty” for year “t”.

[image: image]= minimum caloric consumption in country “cty” for year “t”.

As a process-based modeling framework which assess long-run trends for “what if” scenarios, IMPACT cannot be used to estimate multiple solutions for a single scenario. Hence confidence intervals on projected estimates cannot defined with IMPACT, unlike what could be done with purely statistical models.

In IMPACT, the price effect caused by drought is inputted as an additional markup on national food prices (Figure 2). In a drought year, the marketing margin for national food prices were adjusted upward by a coefficient, “[image: image]”, reflecting the change in food prices brought by drought as estimated in Table 3. For Angola and Botswana, where food prices slightly decrease under drought, no price shock was inputted into IMPACT. For Zimbabwe, the drought price effect used is the same as that of its major food trade partner, South Africa. For each country, the food price effect brought by drought was applied to all food commodities irrespectively. Given that yearly prices are endogenously estimated in IMPACT, no recovery rate is applied to prices in non-drought years unlike what is done for crop yields and acreage. When a country is faced with consecutive droughts, the price effect from drought is multiplied by two for the second consecutive year and by ‘n’ for the nth consecutive drought year. In addition, when drought decreases regional maize production by more than 21%, the price increase from drought is also applied to all countries in IMPACT to reflect regional food scarcity. The 21% threshold reflects the regional production difference in 2015 and 2016 (2-year consecutive drought) compared to 2010 and 2011 which are also two years characterized by no drought across the whole region (Table 2).

The frequency of reported droughts per country (Table 2) between 2000 and 2016 was used to project future occurrences of drought. For example, if there were two reported droughts in any given country between 2000 and 2016, the drought frequency would be 11.8%; this frequency was then multiplied by 16, the number of years between 2020 and 2035, to project the number of future incidences of drought. Drought years were then randomly selected to match the projected number of droughts between 2020 and 2035 (Table 4). Based on the projected drought events, all countries except South Africa and Angola would experience at least two consecutive drought events between 2025 and 2040. For each drought year in a country, the corresponding price increase was also estimated. For example, Mozambique is projected to experience drought in 2027 (Table 4); that year, food prices across the country would increase by 10%. The next year, droughts would reduce regional production by at least 25%. Hence, Mozambique would again experience an increase in food prices even if the country itself would not experience drought (Table 4).



TABLE 4 Projected drought events and drought price effects across southern Africa between 2025 and 2040.
[image: Table4]

In IMPACT, tobacco is bundled with “other crops” for all countries. However, for Malawi, Zimbabwe and Zambia, tobacco dominates “other crops” in the IMPACT model. For these countries, production values for ‘other crops’ in the base year (three-year moving average for 2005) in the model are very similar to the three-year moving average tobacco production for 2005, based on FAOSTAT: the difference is less than 15%. Hence, in this study, it is assumed that drought affects tobacco production in Malawi, Zimbabwe, and Zambia; these three countries accounted for 73% of tobacco production in southern Africa between 2004 and 2006.

One limitation of the methodology is that IMPACT, as a partial equilibrium model, does not capture the indirect effects of droughts on the industrial and service sectors; it only focuses on the agricultural sector. For countries which depend heavily on agriculture, droughts are likely to negatively affect the industrial and service sectors. The compounding effects of drought on these sectors should further worsen food insecurity; some of these effects are captured through the observed price effects used in this study (Table 4). However, these observed price effects are also reflecting the impact of policy measures which were deployed in each country toward disaster management. As such, the simulated results from IMPACT on the effect of droughts on the number of people at risk of hunger is likely to be underestimated for some countries.




4 Results: projected droughts effects in southern Africa


4.1 Baseline results: projections on food production, food consumption, and food security in southern Africa under a scenario involving moderate economic growth and no drought

This section shows how changes in population and income will influence production and food security in southern Africa by 2040. The section highlights the importance of non-climate drivers, such as population and income changes, in influencing food security in the region. The results in this section also serve as a baseline to assess the impact of droughts in southern Africa over the same time frame (2010 to 2040).


4.1.1 Projections on per capita consumption under the ‘no drought’ scenario

Per capital food consumption is projected to increase across southern Africa by 2035, assuming moderate but unequal growth in per capita incomes. Across the region, stimulant consumption would experience the highest increase followed by meat, fruits, pulses, vegetables, and cereals (Figure 3A). The rise in meat consumption would be reflecting the impact of rising incomes as per capita consumption of all meat products including pork, poultry, lamb, and beef would substantially rise (Figures 3A,B).

[image: Figure 3]

FIGURE 3
 Projected changes in consumption patterns in southern Africa under the ‘no drought’ scenario - 2040 versus 2010 (%); (A) Food groups; (B) Meat; (C) Cereals; (D) Starchy roots; (E) vegetable oils; (F) use shares for selected cereals, roots and tubers Source: authors’ computations using results from IMPACT3.2.


Per capita consumption of cereals would increase by a little more than 10% between 2010 and 2040. Maize would still dominate cereal consumption by 2035 followed by wheat and rice each of which would still account for more than 10% of cereal consumption (Figure 3C). Per capita consumption of wheat would not change between 2010 and 2035; for maize and rice, consumption would increase by about 15 and 20%, respectively (Figure 3C). Among these three cereals, only maize would experience substantial changes in utilization. In 2010, the share of maize consumed as food was about 70% whereas 25% of all consumed maize was allocated to animal feed (Figure 3F). By 2035, these values would change to about 60% for food and 35% for animal feed, reflecting the positive impact of rising incomes on the demand for livestock-based products. For rice and wheat, utilization patterns would not change substantially between 2010 and 2035, as these two cereals would still be primarily consumed as food in 2040 (Figure 3F).

For root and tubers, per capita consumption in southern Africa would not change much between 2010 and 2040. In 2010, cassava and potato dominated the consumption of roots and tubers, each accounting for more than 10% of consumption. In 2040, the same two products would still dominate consumption. Cassava alone would still be accounting for more than 60% of the consumption of roots and tubers, but its utilization would change between 2010 and 2040, with a reduction in the share allocated to animal feed and an increase in the shares allocated to food and other uses. This would partly stem from the rising income inequalities between countries which would push the poorer countries toward increasing their consumption of cassava as food. A similar trend would be observed for sweet potato (Figures 3A,D,F).

By 2040, the consumption of vegetable oils would still be dominated by palm oil, soybean oil, sunflower oil, and other oils (Figure 3E). Palm oil would experience an increase of about 1.5% in per capita consumption whereas the consumption of soybean and sunflower oils would decrease by about 5 and 20%, respectively (Figure 3E). Overall, per capita consumption of vegetable oils (processed oils) would decrease by 5% (Figure 3A). For sugar, regional per capita consumption would decrease by about 5% also (Figure 3A). For pulses, regional per capita consumption would increase by about 25% between 2010 and 2040 (Figure 3A); such increase would be associated with an increase in per capita consumption in all countries although for some countries the increase would be less than 5% whereas in others, it would be much higher (Figure 3A).



4.1.2 Projections on aggregate food consumption, production, and net trade under the ‘no drought’ scenario

At a regional level, meat consumption would increase by about 110% between 2010 and 2040. This commodity along with vegetables, fruits and pulses would experience the highest consumption change over time after stimulants. Cereals would follow with an increase of about 90%. Egg consumption would experience the smallest consumption change with a value of 55% (Figure 4A).

[image: Figure 4]

FIGURE 4
 Projected production and consumption changes in southern Africa under the ‘no drought’ 928 scenario - 2040 versus 2010; (A) consumption versus production changes; (B) changes in the share of net exports in consumption; (C) changes in maize and cassava productivity; (D) changes in meat productivity; (E) changes in oilseeds productivity Source: authors’ computations using results from IMPACT 3.2.


By 2040, food production too would have increased in the region thanks to technological advancement in agriculture. However, such growth would be slower compared to the growth in food demand (Figure 4A). The production of meat, stimulants, pulses, and fruits would change by about 100%, each. The region would become more import-dependent for its key staple food groups, namely cereals, roots & tubers, vegetable oils and meat. The region which was self-sufficient for roots & tubers in 2010 would be importing about 15% of its consumption requirements by 2040 (Figure 4B). For fruits and sugar, the region would remain a net exporter by 2040.

The higher reliance on food imports would be partially caused by low crop productivity coupled with small changes in crop area in southern Africa. For example, maize is currently grown in all countries in southern Africa whereas cassava, which is consumed in all countries, is only grown in 6 countries, namely Angola, Madagascar, Malawi, Mozambique, Zambia, and Zimbabwe. The maize and cassava acreages are projected to increase by 16 and 13% respectively, between 2010 and 2040. Similarly, cassava yield would increase by 21% whereas maize yield would increase by 49%. The growth in acreage and yield would not be enough to ensure that production keeps pace with demand (Figure 4C).

For vegetable oils, the picture is mixed. Acreage for sunflower would decrease over time and yields would increase by less than 50%. Hence, total production would increase by 25% for nontraded sunflower; it would reduce by −1% for traded sunflower. Acreage would decrease for non-traded soybean and would barely change the same for traded soybean. However, yields would improve substantially and especially in South Africa and Zambia. Hence, regional soybean grain production would increase substantially between 2010 and 2040 (Figure 4C).

All countries would be producing beef, poultry, and pork by 2040. The animal population would increase for beef, poultry, and pork, although it would increase more for poultry. Yields would also increase for all three meat commodities, although the increase would be smaller for beef compared to poultry and pork. Poultry production would more than double, but this would not be the case for the other meat-based commodities. Hence, total meat production would less than double compared to demand (Figures 4A,C).



4.1.3 Projections on food security under the ‘no drought’ scenario

At the regional level, the number of people at risk of hunger would increase by about 30% between 2010 and 2040 to reach about 53 million people in 2035 (Figure 5A). All countries would experience an increase in the number of people at risk of hunger except for the wealthier countries like Botswana, South Africa, and Namibia which would experience a reduction in the number of people at risk. In relative terms, food security would improve slightly, as the regional share of the population at risk would decrease slightly from 23% in 2010 to 20% in 2040 (Figure 5B). The share of people at risk would decrease for all countries except Eswatini which would experience an increase of about 2 percentage points. Poorer countries which would register slight reductions (less than 5 percentage points) in the share of their population at risk consist of Malawi, Lesotho, and Angola.

[image: Figure 5]

FIGURE 5
 Projected change in the number of people at risk of hunger in southern Africa under the ‘no drought’ scenario – 2040 versus 2010; (A) Population at risk of hunger (million people) (B) Share of the population at risk of hunger (%) AGO: Angola; BOT: Botswana; LSO: Lesotho; MDG: Madagascar; MWI: Malawi MOZ: Mozambique; NAM: Namibia; S. Afr.: South Africa; SWZ: Eswatini; ZMB: Zambia; ZWE: Zimbabwe Source: authors’ computations using results from IMPACT 3.2.





4.2 Projected impacts of recurrent droughts in southern Africa under moderate economic growth


4.2.1 Impact on production

The recurrent droughts would affect agricultural production which would become much more erratic (Figures 6A–J). Maize would experience the largest reduction in production under drought when compared to other food crops. For example, with the projected drought in 2025, regional maize production would decrease by about 25% compared to a scenario involving no drought (Figure 6A). For all other crops, the change in production in 2025 would range between −8 and 5% (Figures 6B–J). Across all years, cowpea, a drought-tolerant pulse, would experience the largest increase in production under the scenario involving recurrent droughts. More specifically, regional cowpea production would rise by close to 20% in the years when Malawi, a major cowpea producer, would be affected by drought (Figure 6).

[image: Figure 6]

FIGURE 6
 Projected impact of droughts on agricultural production and net maize exports for southern Africa; (A) maize; (B) rice; (C) soybean; (D) groundnut; (E) pigeon pea; (F) beans; (G) cowpea; (H) cassava; (I) cotton; (J) tobacco; (K) net maize exports Source: authors’ computations using results from IMPACT 3.2.


For oilseeds, an interesting scenario would develop that would highlight the effect of local prices being delinked from world markets; such situation can happen through contract farming when farmers’ prices are fixed earlier in the season. In the model, Madagascar, Malawi, South Africa, Zambia, and Zimbabwe produce traded soybeans which can be exported. In addition, South Africa, Zambia, and Zimbabwe produce non-traded soybean which is entirely allocated to domestic uses and for which prices are only defined through local supply and demand. Traded groundnut is produced in all countries except Lesotho; for nontraded groundnuts, non-producing countries are Lesotho, Namibia and Eswatini. In 2030, three of the largest maize producers in the region would experience a drought: South Africa, Malawi, and Mozambique. This would lead to the highest regional food price hike experienced in the region due to drought between 2025 and 2040. In South Africa, maize production would decrease by 46% in 2030 under the scenario involving droughts compared to the scenario involving no drought (Table 5). This reduction in production would be linked to a reduction of about 32% in yield and 20% in acreage for maize. The freed acreage would be allocated to more profitable crops less affected by the drought. In this case, such crops would turn out to be pulses and nontraded oilseeds. Nontraded soybean and groundnut would experience the largest increase in producer price under drought, reflecting that the demand response to shocks is usually more inelastic for nontraded compared to traded commodities. In addition, the producer price increase for nontraded oilseeds would be higher for soybean than that for groundnut; this would be caused partly by soybean becoming scarcer due to the higher negative impact of drought on soybean compared to groundnut yields in South Africa. The higher increase in the producer price for nontraded soybean would translate into the highest increase in the acreage allocated to this commodity. Nontraded groundnut would follow with an acreage increase of 36%. Hence, nontraded soybean and groundnut production would increase by 58 and 22%, respectively (Table 5). This would translate into an increase of about 21% in total soybean production in South Africa and an increase of about 15% at the regional level (Figure 6).



TABLE 5 Bio-economic impact of drought on crop production in South Africa (year 2030) and Angola (year 2027).
[image: Table5]

Another interesting development relates to cassava production which would not increase when there is drought. This result reflects that cassava is not a preferred food in the region nor is it considered a cash crop unlike oilseeds and selected pulses. The highest reduction in cassava production would occur in 2026 and 2027 when Angola, the largest cassava producer in the region, would be experiencing two consecutive droughts. By 2027, maize production in Angola would decrease by 71% with an associated acreage reduction of 22% (Table 5). Here too, the freed acreage would be allocated to more profitable crops less affected by drought. In this case, cotton would experience the highest increase in acreage, followed by tobacco, rice (18%), and nontraded groundnuts (18%). Cassava’s yield would be negatively affected by drought in Angola, although less severely compared to maize. More specifically, cassava’s yield would decrease by 30% in 2027 compared to a reduction of 63% for maize (Table 5). Some of the land freed from maize and other crops would be allocated to cassava which would experience an increase of about 5% in acreage. All in all, cassava production would decrease by 27% in 2027, after two years of consecutive droughts. In 2027, other cassava-producing countries would also experience drought, namely Madagascar, Mozambique, and Zimbabwe. Mozambique would reduce its cassava production by 32% whereas Madagascar and Zimbabwe would increase their cassava production by 3 and 19%, respectively. Hence, regional cassava production would decrease by 20% (Figure 6).

Apart from cowpea and soybean, another crop which would experience an increase in production under drought is bean although, for some years, regional bean production would be smaller under the scenario involving recurrent droughts compared to the scenario involving no drought. For example, with the scenario involving recurrent droughts, bean production would be lowest in 2027, a year when drought would affect two key bean producers (Angola and Madagascar) accounting for 50% of regional production. Angola would experience a reduction of 71% in bean production (Table 5) whereas for Madagascar, the reduction would be smaller (around 14%), since bean is less affected by drought in this country (Table 3). Regional bean production under drought would be highest in 2031, 2032, and 2037 when production would be around 7% higher under the scenario involving recurrent droughts compared to the one involving no drought. In 2031, none of the key bean producers, namely Angola, Madagascar, Malawi, and South Africa would experience a drought. However, Zimbabwe which accounts for 10% of regional bean production, would experience a drought which would lead to reduction in national maize production (−59%) and an increase in bean production (96%). The bean production increase in Zimbabwe would translate into an increase in regional bean production for 2031.



4.2.2 Impact on food security

Under a scenario involving no drought, the volume of net maize exports out of southern Africa is projected to slightly decrease between 2025 and 2040. However, recurrent droughts would introduce more volatility in maize trade and make it difficult for policy-makers to adequately respond to droughts. Drought would also reduce regional maize consumption by eroding the purchasing power for maize through higher consumer prices and/or reduced incomes. As a result, net maize exports would in general be smaller in volume compared to a scenario involving no drought (Figure 6K). In addition, the region would find itself importing maize whenever South Africa, the largest maize producer and exporter in the region, would be hit by a drought (Figure 6K; Table 4).

By reducing food availability and consumption, droughts would worsen food insecurity across southern Africa. The highest increase in the number of people at risk would occur in 2030 (Figure 7A), the year characterized by the highest decrease in regional maize production. Across all years, the countries which would experience the highest increase in the number of at-risk people would be Mozambique and Zimbabwe. In 2031, Mozambique would experience a second consecutive drought year and the number of people at risk of hunger would reach 1.9 million people. In Zimbabwe, following three consecutive drought years, the number of people at risk of hunger would be highest in 2029 with 1.7 million people (Figure 7A).
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FIGURE 7
 Projected impact of droughts on food security in southern Africa; (A) Population at risk of hunger (million people) (B) Share of the population at risk of hunger (%) AGO: Angola; BOT: Botswana; LSO: Lesotho; MDG: Madagascar; MWI: Malawi MOZ: Mozambique; NAM: Namibia; S. Afr.: South Africa; SWZ: Eswatini; ZMB: Zambia; ZWE: Zimbabwe Source: authors’ computations using results from IMPACT 3.2.


In terms of percentage change, Lesotho, a country with a small population, would experience the largest increase in the number of people at risk under droughts. In 2030, the regional maize shortage would lead to an increase of 26% in the number of people at risk in this country (Figure 7B). However, from 2031, three consecutive drought years would follow in the country such that by 2033, there would be an increase of 76% in the number of people at risk compared to a scenario involving no droughts. Other countries which would experience substantial relative increases in the number of people at risk include South Africa, Zimbabwe, Namibia, Mozambique, and Eswatini. South Africa would experience the largest proportional increase in the number of people at risk of hunger in 2025 when the country would experience an increase of about 60% in the number of people at risk of hunger compared to a scenario involving no droughts Figure 7B).




4.3 Projected impacts of two-year consecutive regional droughts in southern Africa under moderate economic growth

In this section, an analysis is done on the impact of droughts with a longer duration given that such droughts are projected to increase in the future in southern Africa. More specifically, projected future drought occurrences are re-arranged to generate regional two-year droughts like the ones experienced in 2014/15 and 2015/16 in southern Africa. In this case, maize would experience extremely large reductions compared to other crops. For example, maize production would decrease by more than 40% in 2027. With Zambia among the countries that would experience consecutive droughts in 2026, regional maize production would decrease by 38 and 42% in 2026 and 2027, respectively. By contrast, tobacco’s maximum production loss would reach about 15% and would occur in 2028, 2029, 2031, and 2032. For cotton, the maximum production loss caused by drought would occur in 2029 with a value of about 20%. Crops which would experience significant increases in production during the regional consecutive drought years are cowpea, soybean and, to a lesser extent, bean (Figure 8).

[image: Figure 8]

FIGURE 8
 Projected impact of regional two-year droughts on agricultural production in southern Africa; (A) maize; (B) rice; (C) soybean; (D) groundnut; (E) pigeon pea; (F) beans; (G) cowpea; (H) cassava; (I) cotton; (J) tobacco Source: authors’ computations using results from IMPACT 3.2.


The impact of the regional consecutive droughts on food security would be substantial. The minimal number of people at risk due to the regional recurrent droughts would be more than 6 million in 2027. Countries which would experience substantial increases in the number of people at risk would consist of Zimbabwe, followed by Mozambique, Malawi, South Africa, Madagascar, and Zambia (Figure 9A).
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FIGURE 9
 Projected impact of two-year droughts on food security in southern Africa; (A) Population at 957 risk of hunger (million people) (B) Share of the population at risk of hunger (%) AGO: Angola; BOT: Botswana; LSO: Lesotho; MDG: Madagascar; MWI: Malawi MOZ: Mozambique; NAM: Namibia; S. Afr.: South Africa; SWZ: Eswatini; ZMB: Zambia; ZWE: Zimbabwe Source: authors’ computations using results from IMPACT 3.2.


In relative terms, among all countries, South Africa would experience the highest proportional increase in the number of people at risk; indeed, in 2027 the number of people at risk would nearly double in South Africa due to the recurrent drought. Apart from South Africa, all other countries except Angola, Botswana, Madagascar, and Zambia would experience an increase of at least 10% in the number of people at risk during the regional consecutive droughts in 2021/22 and 2026/27 (Figure 9B).



4.4 Model validation: projected versus reported values for production and food security under drought in southern Africa


4.4.1 Model validation: production under drought in southern Africa

To validate the model, simulated results on the impact of droughts on crop production are compared with reported data from FAOSTAT; such an approach is used to assess the ability of IMPACT at making reliable projections. In general, production changes due to drought are similar between the reported and simulated results for all countries and across all crops (Table 6). Also, the magnitudes of the changes are similar between the simulated and reported values (Table 6). Some of the discrepancies can be explained by the assumptions in IMPACT not fully reflecting the socio-economic environment affecting crop production under drought. For example, the reported values on production changes under drought suggest that farmers in Malawi do reallocate maize acreage to other crops in a drought year and also tend better to these crops such that the country even experiences an increase in the production of beans, followed by groundnuts, cassava, cotton and tobacco (Table 3). However, the same does not happen in neighboring Zambia where a different land tenure system does not provide farmers with the incentives to quickly adjust acreage under drought (Okori, 2018). Hence, the reported values suggest a reduction in the Zambian production of all crops in a drought year (Table 3). In the optimization model, IMPACT, it is assumed that farmers can reallocate crop acreage when faced with a drought and can also re-adjust input (labor, fertilizer, supplemental irrigation, etc.) allocation across crops. Here, IMPACT is able to simulate the behavior of Malawian farmers and implies a national increase in the production of beans, cowpea, cotton, groundnuts and tobacco in a drought year. For Zambia, the simulated results imply that the country should maintain its rice production levels in a drought year and should increase its production of cassava, cotton, and groundnuts.



TABLE 6 Reported versus simulated effect of drought on crop production and food security in southern Africa (%).
[image: Table6]

As a process-based model, IMPACT should also be well calibrated. In this study, the share of net imports in consumption for all food groups in southern Africa can be used to assess whether IMPACT is well calibrated. The observed moving average value of the share of net imports in southern Africa for different food groups in 2010 is shown in Table 1 and is derived from FAOSTAT. The simulated moving average value from IMPACT for 2010 is shown in Figure 4B. Observed and simulated 2010 values are similar, and this suggests that IMPACT is well calibrated.



4.4.2 Model validation: Food insecurity under drought In southern Africa

Simulated results on the impact of droughts on food insecurity are also compared with past reported data across southern Africa for the purposes of assessing the quality of the projected results from IMPACT. The simulated results on droughts effects on food insecurity are generally smaller than those reported across southern Africa in 2015 and 2016. For example, reported values suggest that the number of food insecure people in Malawi increased by 116% in 2015 a drought year compared to 2014 a non-drought year (Southern African Development Community, 2016). In 2016, a second consecutive drought year, the number of food insecure people increased by 395% compared to 2014 (Southern African Development Community, 2016). However, the simulated results imply that the number of people at risk of hunger in Malawi would increase by 7% in a first drought year in 2031; for a second consecutive drought year in 2032, the number of people at risk would increase by 10%. Similar results are found for Mozambique, Namibia, Zambia, and Zimbabwe. The higher reported values from SADC (2016) include people who are food insecure for reasons other than drought. In addition, droughts usually negatively affect rural incomes and most likely reduce purchasing power by a higher value than what has been used in this study. Hence, the simulated results can be considered as the lower limit on the impact of droughts on food security (Table 6).

The simulated results imply a higher increase in the number of people at risk in a second consecutive drought year compared to a first drought year. This is also the case in the reported results from SADC (2016) for most countries. In addition, the reported share of the population which was food insecure in 2016 was less than 5% in Angola and Botswana (Table 3). Such result is consistent with the results from the food price analysis which implied no food price increase in 2016 in real terms. The simulated results also imply no change in the number of people at risk due to droughts in these two countries (Table 6).





5 Discussion

The study results have illustrated how drought would jeopardize future food security in southern Africa given that for its food security, the region strongly depends on maize, a crop which is very sensitive to drought. More specifically, the study has shown that with moderate economic growth and no future droughts, food security would only slightly improve in southern Africa by 2040. In other words, the region would not become wealthy enough to produce or import enough food to eliminate food insecurity. In this context, recurrent droughts would worsen food security by severely affecting the production of maize which would remain a staple food by 2040. Indeed, compared to other food and cash crops, maize would experience the largest reduction in production under drought. With consecutive two-year regional droughts, most countries would experience an increase of at least 10% in the number of people at risk of hunger within one single year and this would have serious implications for humanitarian aid. Not much has been documented on the effectiveness of humanitarian aid in southern Africa. Most countries in southern Africa have a government department dedicated to disaster management; but they face various challenges including budgetary and technical constraints to support disaster management (Republic of Botswana, 1996; Parliament of Lesotho, 1997; Government of Zimbabwe, 2001; Parliament of the Republic of South Africa, 2002; National Assembly (Angola), 2003; King and Parliament of Swaziland, 2006; Government of Zambia, 2010; Republic of Namibia, 2012; Parliament of Malawi, 2014; Assemblee Nationale (Madagascar), 2015; Matos and Ndapassoa, 2020; Republic of Mozambique, 2020). Based on the World Bank, an effective “response and reconstruction” strategy after disaster should include three components: initial response; assessment and policy making; and reconstruction (Jha et al., 2010). The initial response should last about 2 weeks after the disaster and should entail conducting a rapid needs assessment and launching an emergency response. The “assessment and policy making” component should last about 2 months after the disaster and should be closely linked to the reconstruction component. Detailed assessment needs should be conducted within the 2-month period; in addition, a reconstruction plan should be defined and approved by the government over that period. The reconstruction component should kick in at the same time as component two, but it should last longer: 2 years and above. That component should include an institutional and financial strategy; it should also include community participation in designing and implementing a reconstruction strategy. The reconstruction component should also include a risk management strategy. All activities linked to the ‘response and reconstruction’ strategy should also be monitored and evaluated to assess their effectiveness and inform future activities (Jha et al., 2010).

As noted in the literature, drought vulnerability is influenced by both physical and socio-economic factors (Shiferaw et al., 2014; Kamali et al., 2018). Socio-economic factors are linked to governance, demography, technological advancement, and economic development (Shiferaw et al., 2014). Some policy measures which could be used to reduce drought vulnerability in southern Africa are related to breeding for stress-resilient maize, crop diversification, and rainwater harvesting.

Enhancing food security in southern Africa under drought would call for breeding and deploying maize that is tolerant to both drought and heat stresses. International breeding efforts have led to the development of drought-tolerant maize varieties and ex post studies on have shown that these varieties perform quite well under mild or moderate drought conditions in Uganda and Nigeria (Wossen et al., 2017; Simtowe et al., 2019). However, additional efforts are required to develop improved maize varieties which are early-maturing and have some tolerance to both heat and drought stresses. Early maturity provides an effective drought avoidance strategy by completing flowering, the most sensitive stage to moisture deficit, before the onset of drought thus escaping terminal drought (Badu-Apraku and Fakorede, 2013).

In addition, some countries should diversify away from maize as a staple food to enhance food security under drought. In countries such as Lesotho, Malawi, Mozambique, South Africa, Eswatini, Zambia, and Zimbabwe, maize provides at least 20% of daily caloric intake. In these countries, measures should be undertaken to promote the consumption of drought-tolerant crops such as cowpea and cassava. In Angola where cassava dominates consumption and maize contributes to 14% of daily caloric intake, the recurrent drought of 2014/15 and 2015/16 did not significantly affect food security (Southern African Development Community, 2016). Various studies have also shown the potential for drought-tolerant secondary crops to enhance food security in southern Africa. For example, cassava was identified as a food commodity which could enhance food security in Zambia during drought years (Dorosh et al., 2009). The crop was also found to have the ability to substantially enhance food security in Madagascar during the lean months when rice, the staple food, becomes scarce (Dostie et al., 2002). In Mozambique, cassava consumption varies across urban and rural landscapes. Rural households tend to use cassava to enhance food security during lean months; however, urban consumers, who are less poor, tend to prefer cereals to roots and tubers (Handa and Mlay, 2006). In Malawi, cassava products were shown to have enhanced food security for Malawian households exposed to cassava-based food from some projects in the 1990s (Rusike et al., 2010); in addition, Mango et al. (2018) find that higher crop diversification for selected famers in 4 districts in central Malawi was associated with enhanced food security for rural farm households (Mango et al., 2018). They recommended that the government in Malawi intensifies its policy drive on crop diversification within the country.

Some of the measures which could be used to enhance crop diversification are related to strategic food reserves which are operated in few countries: Malawi, Zambia, and Zimbabwe (Grain Marketing Board (Zimbabwe), 2021; Food Reserve Agency (Zambia), 2022; National Food Reserve Agency (Malawi), 2022). Every year, at harvest time, governments in these countries purchase food produce (mainly maize) from farmers within the country. Policies on strategic food reserves could be adjusted to increase the share of drought-tolerant crops such as dried cassava chips and cowpea purchased annually by governments. In addition, government policy measures in southern Africa could be implemented to ensure that public organizations and parastatals, such as prisons, hospitals, and schools which provide daily meals to a multitude, increase the proportion of drought-tolerant crops in human diets. For rural areas, targeted interventions with awareness campaigns could be conducted to ensure long-lasting adoption of crop diversification by smallholder farmers (Low et al., 2007).

Given that mean annual rainfall is projected to decrease with an increase in heavy precipitation events during the rainy season, it would be imperative for countries in southern Africa to invest in rainwater harvesting techniques that can substantially improve food security during drought years. Indeed, more than 50% of the rainwater which falls across rainfed agricultural systems of sub-Saharan Africa is lost through evaporation, percolation or runoff (Biazin et al., 2012). In addition, enhanced rainwater management alone could double crop yields whereas integrated water and soil fertility management could triple yields across the dryland regions of sub-Saharan Africa (Rockström et al., 2002; Dile et al., 2013). Rainwater can be harvested through ex and in situ systems. The ex situ systems involve collection of rainwater through macro-catchment systems, whereas the in situ systems include micro-catchment rainwater harvesting and techniques to increase water infiltration and reduce soil evaporation (Biazin et al., 2012; Dile et al., 2013). In southern Africa, rainwater harvesting for agriculture occurs at a very small scale. Recent statistics show that only 1.7% of agricultural land receives any form of irrigation in South Africa; in Botswana, the proportion is still less than 0.5%.3 In Botswana and Zimbabwe, rainwater macro-catchment systems are used and both countries use earthen water dams; Botswana also uses cisterns (Biazin et al., 2012). Micro-catchment rainwater systems are used in Zimbabwe and South Africa; the two countries use pitting and South Africa also uses contouring (Biazin et al., 2012). Capturing rainwater to enhance water and crop productivity across southern Africa would increase food production and enhance community resilience during drought years. Indeed, ex situ rainwater harvesting techniques could be used to store water and avail it for food production in drought years. In addition, in situ rainwater harvesting techniques could be used in combination with soil fertility techniques to enhance food production during drought years. Hindrances to the adoption of rainwater harvesting techniques among African farming communities, including those in southern Africa, include high investment costs, high labour requirement, high complexity of techniques and inappropriate fit of the techniques with local practices (Mutekwa and Kusangaya, 2006; Backeberg et al., 2009; Biazin et al., 2012). As such, feasibility studies need to be conducted for targeted regions in southern Africa to ensure the promotion of tailored and well adapted rainwater harvesting techniques.



6 Conclusion

This study uses an integrated system modeling to quantify the bio-economic impact of future droughts in southern Africa. Results suggest that under moderate economic growth and no drought, food security in southern Africa would only slightly improve by 2040 and the region would not be able to produce or import enough food to substantially mitigate food insecurity. In this context, simulated future droughts would lead to much more erratic agricultural production in the region. Maize, the key staple food, would experience the largest reduction in production under drought when compared to other food and cash crops. Hence, drought would worsen regional food security. Countries which would experience the highest increase in the number of people at risk of hunger due to droughts would be Lesotho, Malawi, Mozambique, Namibia, Eswatini, South Africa, Zimbabwe, and Zambia. Sensitivity analysis on drought frequency suggests that consecutive two-year regional droughts similar to what happened between 2014 and 2015 would substantially affect maize production compared to other crops. Here, maize production would decrease by more than 50% in the consecutive drought year and most countries would experience an increase of at least 10% in the number of people at risk of hunger within a single year. Enhancing regional food security under drought would call for an integrated approach that includes breeding improved maize varieties with enhanced tolerance to the abiotic stresses brought about by drought; diversifying the diet to incorporate more drought-tolerant food crops such as cassava and cowpea; and investing in rainwater harvesting technologies.
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Footnotes

1   0.40 = ((1 + 1.5/100)/(1 + 1.1/100) – 1).

2   32 = ((1 + 18.8/100)/(1–9.9/100) – 1).

3   Data from World Bank, 2018
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Drought price effects (%)

Lesotho n 16 2 8 13 16 2 32 8 16 8
Madagascar 6 4 4 7 6 4 4
Malawi 6 il 4 7 4 5 8

Mozambigue 13 10 10 16 20 10 10

Nami 8 6 10 6 12 6 8

Eswatini ] 6 10 6 12 18 8 6
South Africa 2 16 2 20 16
Zambia 5 4 6 8 i 5

Zimbabwe 21 16 32 48 26 32 16 16 20 16

Source: for price effects, authors' computations from estimates in Table 3, Regional price increases occur in 2025, 2028, 2030, and 2036. In these years,regional maize production without the
price effects decreases by 28, 25, 34, and 28%, respectively, (reductions are higher than 21% threshold). Hence, the national price increases for 2025, 2028, 2030, and 2036 are 34, 18, 62, and
31% higher than those in Table 5.
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Production change (%)

Angola =61.1 51 -14.7 =518 NA —65.2 NA =245 NA 5.6
Botswana -67.7 NA NA -84 NA NA NA NA 24 NA
Lesotho —48.3 NA NA NA NA =511 NA NA NA NA
Madagascar =30 =35 =57 L5 NA 57 =26 0.1 =20.1 378
Malawi -412 =258 =295 188 -84 556 0.6 129 1.1 5.2
Mozambique  —460  —62.4 NA 180 NA 243 1166 —188 66.7 22
Namibia —41.9 NA NA -116 NA =103 NA NA NA NA
South Africa -472 0.1 =212 =299 NA =152 1.8 NA 385 639
Eswatini -432 =200 NA =231 NA -56.2 -0 NA —67.4 30.2
Zambia =393 -16.9 -127 =36 NA NA NA =52 -129 =342
Zimbabwe =56.6 6.0 -46.9 =514 NA 268.4 NA 15.8 =302 -47.9
Yield change (%)
Angola 6.5 =6.0 —66.4 =376 NA =533 NA =304 NA 52
Botswana =258 NA NA -9.6 NA NA NA NA NA NA
Lesotho =308 NA NA NA NA =522 NA NA NA NA
Madagascar =35 =36 =269 [ %4 NA -9.6 =04 0.1 NA -183
Malawi —455 -327 -264 -9.9 -167 03 ] 422 NA =71
Mozambique =37.7 =753 NA -127 NA 44 815 37.8 NA -49
Namibia =273 NA NA -10.6 NA =32 NA NA NA NA
South Africa =352 1y =250 -14.6 NA =297 0.3 NA NA 32
Eswatini =295 -247 NA -178 NA -358 =25 NA NA -109
Zambia =214 54 6.6 86 NA NA NA -13 NA 206
Zimbabwe =582 -84 =345 =382 NA 12 NA 32 NA -415

Food price change (%)

FPlbase  FPI 2016 CPIl base CP12016  Defl. FPI Defl. FPI Price ch.  Food insecure

base 2016 (V4] pop (%)
Angola 97.33 141.67 0.68 047 66.65 66.45 -0.29 26
Botswana 95.55 99.43 078 073 74.11 7277 -1.80 26
Lesotho 131.81 156.48 0.81 074 107.00 115.51 7.95 322
Madagascar 2174 38434 077 067 207.63 25823 428 6
Malawi 149.42 230.92 049 033 7266 75.70 419 359
Mozambique 74.70 100.00 0.82 0.67 61.24 6743 10.10 69
Nami 11131 13025 0.80 073 89.28 94.67 6.04 294
South Africa 8226 96.40 0.80 079 65.99 76.45 15.85 256
Eswatini 10905 13069 078 068 8152 89.49 588 75
Zambia 136.10 18334 0.76 059 104.04 107.99 379 59
Zimbabwe 96.91 90.62 092 0.96 89.04 86.67 =266 252

Sources: For crop yield penaltis, computations from authors using data on production and harvested area from FAOSTAT (2018); yield/acreage penalty =% change in yield/acreage in drought
years relative to non-drought years; for Angola, drought year is 2012; non-drought years are 2010/11; for Botswana, drought years are 2001, 2002/3, 2007/8; non-drought years are 2005/6; for
Lesotho, drought years are 2007/8 and 2012; non-drought years are 2000/1; for Madagascar, drought year is 2000; non-drought year is 1999; for Malawi, drought years are 2004/5 and 2002;
non-drought years are 1999/2000; for Mozambique, drought year is 2012; non-drought year is 2011; for Namibia, drought year is 2013; non-drought years are 2010/2012; for South Africa,
drought years are 2006/7; non-drought years are 2008/9; for Eswatini, drought years are 2001/4; non-drought years are 1999/2000; for Zambia, drought years are 2002 and 2005; non-drought
years are 2006/7; or Zimbabwe, drought years are 2005, 2007/9, and 2012/13; non-drought years are 2000/1.

NA =not applicable.

For price effects, computations from authors using data on food price indices and consumer price indices from FAOSTAT (2015).

EPI, Food Price Index; CPI, Consumer Price Index; Base, base year; for all countries, it i 2014 except Madagascar (base year =2013).

Price ch. = Price change from drought = ((Defl. FP1 2016 - Defl. P base)/ (Defl. FPI base))*100; Defl. FPI base = (FPI base)*(CPI Base); Defl. FPI 2016.=(FPI 2016)*(CPI 2016).

Food insecure pop (%) = percentage of population which was food insecure by June 2016 after 2 consecutive drought years; data on number of food insecure people i from Southern African
Development Community (2016) and population data is from World Bank (2018),
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