Chapter 4

CLIMATE CHANGE IMPACTS ON CROP YIELDS

Timothy S. Thomas, Paul Dorosh, and Richard Robertson

Introduction
It is commonly thought that climate change is likely to have major effects on
Ethiopian agriculture and the country’s overall development over the next
fifty years and beyond. Indeed, each of the 32 major climate change mod-
els used in our analysis indicate a high probability of significant increases in
average world temperatures by 2055 as well as an increase in median tempera-
tures in Ethiopia. The prognosis for rainfall in Ethiopia is much less certain,
although on average the simulation models suggest a relatively small increase
in rainfall for the country overall. Moreover, there is a growing consensus that
climate variability will increase in all regions of the world (IPCC 2018).
Earlier studies of the likely effects of climate change in Ethiopia point
to both positive and negative effects. Studies using hydrological models to
assess the potential effects of climate change on water flow in various basins
in Ethiopia (Dile, Berndtsson, and Setegn 2013; Wagena et al. 2016) gen-
erally suggest significant increases in water availability with potential ben-
efits for irrigation as well as increases in variability and flooding (sce also
Taye, Willems, and Block 2015; Nawaz et al. 2010; Kim, Kaluarachchi, and
Smakhtin 2008; Kim and Kaluarachchi 2009).! Admassu et al. (2013) used
a crop model linked to a multimarket model of supply and demand of agri-
cultural commodities to project climate effects on key crops in Ethiopia
between 2000 and 2050. Based on output of four climate models, their anal-
ysis shows yield gains of over 25 percent in much of the eastern highlands and
north-central highlands, but large yield reductions and loss of areas suitable

1 Intheir analysis of the upper Blue Nile Basin for 2010-2100, Dile, Berndtsson, and Setegn
(2013) find that climate change may result in an annual increase in flow volume for the Gilgel
Abay River, benefiting local small-scale irrigation activities. Likewise, Wagena et al. (2016)
used watershed models to analyze water flows in the highlands of the Blue Nile Basin for two
periods (2041-2065 and 2075-2099) based on four climate scenarios from six climate models.
Their results indicate that the Tana and Beles Basins will have large (22-27 percent) increases in
mean annual flow, as well as 16 percent to 19 percent increases in sediment concentrations, with
potentially large net benefits for hydropower generation.
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for growing maize in the eastern and southwestern parts of central Ethiopia.”
Robinson, Willenbockel, and Strzepek (2012) included general equilibrium
effects in their analysis of potential effects on water flows, crops, infrastruc-
ture, and economic output, concluding that, in the absence of adaptation
investments, Ethiopia’s GDP in 2050 would be up to 10 percent below the
counterfactual baseline of no climate change.?

This chapter presents a further analysis of the potential effects of projected
climate change scenarios for cereal crop yields in Ethiopia in 2035, 2055,
and 2085. The methodology used in determining the direct effect of climate
on crop yields (described in detail below) is similar to that of Admassu et al.
(2013) but differs in using agroecological zones more closely corresponding to
cropping patterns in Ethiopia as well as by drawing on the results of a wider
array of climate models.* In particular, we use coefficients from regressions of
simulated yields from a crop simulation model, the Decision Support System
for Agrotechnology Transfer (DSSAT) crop systems model, with climate vari-
ables as explanatory variables. In the discussion of our simulation results in
this chapter, we provide an explicit comparison with the results of Admassu et
al. (2013).

First we summarize the results of the major climate models for rainfall and
temperature across six main agroecological zones in Ethiopia. Thereafter, we
present results of the crop yield models for three of the major cereal crops in
Ethiopia: wheat, maize, and sorghum. (Unfortunately, no crop model is avail-
able for teff.) We then construct long-term yield growth trends consistent with
historical yield growth and yield gaps between Ethiopia and comparator coun-
tries in Africa south of the Sahara. The last part of the chapter presents a brief
summary and conclusions.

2 Inthese simulations maize yields rise through 2020 before leveling off between 2020 and 2050.
Rainfed wheat yields generally decline in response to climate change, with one of the climate
models Admassu et al. (2013) used showing large losses. The crop model results for sorghum are
very similar to those for maize.

3 Robinson, Willenbockel, and Strzepek (2012) used a system of hydrology, crop, road, and other
models to simulate the possible effects of changes in precipitation and temperature as reflected
in projections from four of 22 global climate models available at the time of the study. Unlike
the main analysis here, which is based on the average results from a set of 31 global climate mod-
els, the Robinson, Willenbockel, and Strzepek (2012) analysis was designed to provide an esti-
mate of the range of outcomes, so was based on four extreme projections: the wettest and driest
projections on a global scale, and the wettest and driest projections for Ethiopia. Agricultural
GDP is highest under the driest global climate projection but falls in other projections, in part
due to damage from extreme floods in some years.

4 Also, unlike Admassu et al. (2013), our modeling approach does not include effects of changes
in incomes and prices.
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Climate Change Scenarios:
Rainfall and Temperature Projections
Our analysis draws on temperature and rainfall outcomes from simulations
of 32 downscaled global climate models for 2035, 2055, and 2085 (Ramirez
and Jarvis 2008).” We use the simulated monthly means of rainfall and tem-
perature by 5 arc minute grid cells (pixels equivalent in size to about 9 kilo-
meters X 9 kilometers at the equator) from each global climate model. We use
the absolute deviations from the mean temperature and rainfall from each of
the 31 years (1980 to 2010) from the AQMERRA database (Ruane, Goldberg,
and Chryssanthacopoulos 2015) to generate a set of 992 (32 x 31) simulated
temperature and rainfall outcomes for each of the grid cells that encompass
Ethiopia for each of the three simulation years (2035, 2055, and 2085).° We
use climate models to tell us how much the mean of the distribution should
change under climate change, and we use historical weather to give plausi-
ble variation to those means, with the purpose of simulating a distribution of
what future weather might look like.

Thus, for global climate model 72, grid cell 7, climate realization # and sim-
ulation year T (=2035, 2055, or 2085), mean rainfall (or temperature) R, is cal-
culated as:

Rm,i,t,T) = r(m,i, T) + e(i,1),
where 7(m, i,T) = mean (or median) simulated value of rainfall (or
temperature) from model 7 for grid cell i and year 7; and
e(3,) = deviation from mean rainfall (or temperature) from historic
climate realization from 1980 through 2010 ( = 1,31).

Table 4.1 presents the results for rainfall and temperature for the six agro-
ecological zones in Ethiopia defined in Schmidt and Thomas (2018). As a
base for comparison, we use the average climate conditions for the 1960-1990
period from WorldClim (v. 1.4, Hijmans et al. 2005). Taken together, the
outputs from these 32 climate models suggest that Ethiopia will likely have

5 Throughout this chapter, “1975” may be used as a shorthand notation for averages for the 1960—
1990 period; “2013” for averages for the 2012-2015 period; “2035” for averages for the 2020-
2049 period; “2055” for averages for the 2040-2060 period; and “2085” for averages for the
2070-2099 period. The latter three periods are based on Ramirez-Villegas and Jarvis (2010).

6 Note that this procedure implicitly assumes that the distribution of percentage deviations from
mean temperature and rainfall realizations from the 1980-2010 period remains the same for
future periods.
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a moderate increase in rainfall in all agroecologies in the main growing sea-
son (May—October), with a median increase in precipitation of 39 millime-
ters above the mean precipitation of 595 millimeters in the 1960-1990 period
(Figure 4.1). The mean daily maximum temperatures of the warmest month
in the main growing season (May-October), however, are likely to be consid-
erably higher than in the base period, with a median increase of 2.6 degrees C.
This increase is approximately equal to the median temperature increase value
for eastern Africa, but less than the global median temperature increase.

The largest absolute increases in mean daily maximum temperatures are
expected to be in the drought-prone highlands—a median increase of 2.9
degrees C, from 29.0 degrees C in the 1960-1990 period to 31.9 degrees C
in the 2041-2070 period. Likewise, this agroecological zone has the larg-
est extreme temperature gains, with an increase of 5.4 degrees C in the top
2.5 percent of the temperature distribution across the sample of model simula-
tions (Figure 4.2).

Potential Effects of Climate Change on Maize,
Wheat, and Sorghum Yields

To estimate the effects of climate change on crop yields, we employ results of
simulations using the Decision Support System for Agrotechnology Transfer
(DSSAT) suite of crop models.” We use yields calculated by DSSAT along
with the corresponding weather input into those models to estimate param-
eters in a regression that describe how weather variables and other important
agronomic variables influence yield. We then take these regression parame-
ter estimates and use them to estimate the effects of simulated climate change
outcomes on yields.

Yield effects in DSSAT are calculated for each 9 kilometers by 9 kilome-
ters grid cell in a geographic grid under purely rainfed conditions. In our work
with DSSAT we use monthly weather inputs that DSSAT converts to daily
weather using an internal weather simulator. For this exercise we feed into
DSSAT rainfall and temperature outcomes from the HadGEM2_ES global
climate model (Collins et al. 2011; Martin et al. 2011) and under the RCP8.5
high emissions scenario for the 2041-2070 period and for the 2071-2099
period as well as for historical climate data from 1960 to 1990. Doing so gives

7 DSSAT is a suite of single crop models (Hoogenboom et al. 2012; Jones et al. 2003). Yields are
estimated using site-specific weather data during the growing season, soil data, and manage-
ment practices.
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FIGURE 4.1 Simulated rainfall in 2055 by agroecological zone in Ethiopia (millimeters)
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Source: Authors’ calculations from climate model simulations.

Note: DP-H = drought prone, highland; DP-L = drought prone, lowland; HMRL = humid moisture reliable, lowland; MRH-C
= moisture reliable, highland—cereal; MRH-E = moisture reliable, highland—enset; P = pastoralist. The year 2055 is the
middle year of the 2041-2070 period, on which the climate data are based.

FIGURE 4.2 Simulated temperature in 2055 by agroecological zone in Ethiopia (degrees
Celsius)
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Source: Authors’ calculations from climate model simulations.

Note: DP-H = drought prone, highland; DP-L = drought prone, lowland; HMRL = humid moisture reliable, lowland; MRH-C
= moisture reliable, highland—cereal; MRH-E = moisture reliable, highland—enset; P = pastoralist. The year 2055 is the
middle year of the 2041-2070 period, on which the climate data are based.
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us a wide range of values for the regression (ranging from no climate change
to a very large climate change represented by the HiddGEM2_ES model at the
end of the century).® A wide range of climate values helps us to ensure that the
parameter estimates provide a good fit for feasible values spanning more than
a century.

Using the output from the DSSAT model, the yield of crop ¢ (wheat, sor-
ghum, meher season maize, or belg season maize) planted on soil type s in grid
cell 7 under model simulation 7zs is estimated as follows:

Yield (c,i) = a,(c) + a,(c)*elev(i) + a,(c)*elev(i)®+ a;(c)*N(i) + a,(c)*N(i)>
+ 2320 [a5(c)"D(s.)]

530 B () rain(im) + By (0 rainim)? + s, (o) rain(im)
B templim,ms) + B, (O temp(imms)f + i, (&) temp(im)’
+ 8,,(0) rainiom) tempiom) + By, (& rain(i,m)“temp(i,m)

+ 3, (0) temp(im) rain(im)] + (6},

where rain(i,m,ms) and temp(i,m,ms) are total rainfall and mean daily max-
imum temperature, respectively, for grid cell 7 and model simulation #zs; 7
indexes the month during the growing season (with 0 being the planting
month, 1 the month after the planting month, and so on); e/ev is the elevation
of grid cell 7; IV is the starting nitrogen level for the soil in grid cell 7; and D(5,7)
is a categorical value of 1 if the soil in grid cell i is of type s and 0 otherwise.”
Parameters from this regression are then used to estimate yields for each crop
for each 9 kilometer by 9 kilometer grid cell across Ethiopia using the rainfall
and temperature outcomes from all 32 global climate models for each of 31
weather realizations.

For each pixel and crop, the DSSAT algorithm searches for the plant-
ing month that gives the highest yield based on the prediction from the
regression, with the constraint that the planting month has to align with
those recognized as feasible by agronomic professionals that work with
Ethiopian agriculture.

Average yield changes for each of Ethiopia’s six agroecological zones are
calculated using weights from the spatially disaggregated estimates of area

8 Note that the yield calculations ignore possible carbon dioxide fertilization effects.

9 Because more spatially disaggregated data are not available, we assume that the soil type, rain-
fall, and temperature are uniform within each grid cell.
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cultivated for each crop from IFPRI’s Spatial Production Allocation Model
(SPAM) (You, Wood, and Wood-Sichra 2006; You et al. 2014).

Implications of Climate Change on Crop Yields

Opverall, the simulated net effects of increases in average rainfall and higher
average temperatures are relatively small. Simulated maize yields are higher on
average in the climate change simulations, with average yields 1.2 percent and
4.2 percent higher than 2013 yields in 2035 and 2085, respectively (Table 4.2;
Figure 4.3; Figure 4.4). Average wheat yields are only 0.3 percent lower in
2035 than in 2013, and only 1.1 percent and 2.7 percent lower by 2055 and
2085, respectively, than in 2013 (Table 4.2; Figure 4.3; Figure 4.5). Sorghum

TABLE 4.2 Simulated crop yields in Ethiopia with climate change

Crop 2013 2035 2055 2085

Maize
Yield: Climate change with no technical change (kilograms per hectare)* 3,372 3,414 3,460 3,515

Climate change effect, relative to 2013 (%) na. 1.2 2.6 4.2
Yield: Technical change only (kilograms per hectare)® 3,372 4,644 6,255 9,777
Cumulative technical change, relative to 2013 (%) na. 388 86.9 1921
Yield: Technical change with climate change (kilograms per hectare) 3,372 4,702 6,418 10,191
Cumulative technical change with climate change (%) na. 405 91.8 2045
Wheat

Yield: Climate change with no technical change (kilograms per hectare)* 2,475 2,467 2,447 2,409
Climate change effect, relative to 2013 (%) na. -03 -11 =27
Yield: Technical change only (kilograms per hectare)® 2,475 3,065 3,740 5,041
Cumulative technical change, relative to 2013 (%) na. 239 511 1037
Yield: Technical change with climate change (kilograms per hectare) 2,475 3,056 3,698 4,908
Cumulative technical change with climate change (%) na. 235 494 983
Sorghum

Yield: Climate change with no technical change (kilograms per hectare)* 2,336 2,350 2,349 2,314
Climate change effect, relative to 2013 (%) na. 0.6 0.6 -0.9
Yield: Technical change only (kilograms per hectare)® 2,336 2,893 3,530 4,758
Cumulative technical change, relative to 2013 (%) na. 239 511 1037
Yield: Technical change with climate change (kilograms per hectare) 2,336 2,911 3,550 4,714
Cumulative technical change with climate change (%) na. 246 520 101.8

Source: Authors’ calculations from model simulations.

Note: n.a. = not applicable

a. Based on average of actual yields for 2012 to 2015 (FAO 2019) and percentage changes from climate model simulations.
b. Using assumed yield annual growth rates (maize 1.5 percent, wheat 1.0 percent, sorghum 1.0 percent).
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yields in 2035 and 2055 are 0.6 percent higher than in 2013; by 2085, how-
ever, sorghum yields are 0.9 percent lower than in 2013 (Table 4.2; Figure 4.3;
Figure 4.6).

Moreover, the simulated effects of climate change on yields vary some-
what across regions. For maize, median maize yields in the three highland

FIGURE 4.3 Simulated climate change impacts on crop yields in Ethiopia relative to 2013
yields (%)
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Source: Authors’ calculations from model simulations.

FIGURE 4.4 Simulated climate change impacts on maize yields in Ethiopia, 2015-2085
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FIGURE 4.5 Simulated climate change impacts on wheat yields in Ethiopia, 2015-2085
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FIGURE 4.6 Simulated climate change impacts on sorghum yields in Ethiopia, 2015-2085
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TABLE 4.3 Simulated climate change effects on maize yields by agroecological zone in
Ethiopia, relative to 2013 yields (%)

Drought prone Humid moisture reliable
Highland-  Highland-

Year Highland Lowland Lowland cereal enset Pastoralist ~ Ethiopia
2035

P2.5 0.0 -1.5 0.3 1.1 -0.5 -0.4 0.8
P25 1.2 0.2 0.3 1.3 0.6 0.2 1.2
Median 1.8 0.5 02 1.3 1.0 0.9 1.3
P75 1.7 1.3 0.5 1.4 1.7 1.6 1.4
P97.5 24 1.6 0.4 1.7 23 2.8 1.6
2055

P2.5 -0.8 -4.8 0.1 2.4 -0.8 -2.3 1.8
P25 2.3 -0.4 0.2 3.0 1.7 0.0 2.8
Median 32 0.9 0.3 3.1 23 1.5 29
P75 32 3.0 0.6 34 36 24 3.1
P97.5 5.1 39 0.7 4.1 4.9 5.8 3.8
2085

P2.5 -1.2 -85 2.7 4.6 -1.1 -5.0 3.1
P25 39 -0.9 -0.8 5.4 3.8 -0.7 5.2
Median 55 2.8 -0.5 57 5.6 1.9 55
P75 6.6 6.6 0.0 6.0 72 5.5 6.0
P97.5 9.0 8.7 0.9 7.3 9.1 10.5 6.6

Source: Authors’ calculations from model simulations.

Note: Percentage changes from climate model simulations. Baseline yield values were computed from observed climate data
for 1960-1990 and from model projections for 2020-2039, then interpolated to 2012—2015. P2.5 = 2.5 percentile level of
climate model simulation yield results; P25 = 25th percentile; P75 = 75th percentile; and P97.5 = 97.5 percentile.

agroecological zones in 2035 are 2.7 percent to 5.0 percent higher than aver-
age yields in the 1960-1990 period, but only 0.6 percent to 1.5 percent

higher in the two lowland agroecological zones (excluding the pastoralist
zone) (Table 4.3). Median wheat yields are lower in each region, ranging from
—0.3 percent in the drought-prone highlands to —1.9 percent in the drought-
prone lowlands in 2035 (Table 4.4). Sorghum yields vary most across regions,
with median yields in 2035 having fallen sharply by 6.2 percent due to climate
change in the humid moisture-reliable lowlands but rising in all other regions

by between 1.4 percent and 3.7 percent (Table 4.5).
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TABLE 4.4 Simulated climate change effects on wheat yields by agroecological zone in
Ethiopia, relative to 2013 yields (%)

Drought prone Humid moisture reliable
Highland-  Highland-

Year Highland Lowland Lowland cereal enset Pastoralist  Ethiopia
2035

P2.5 -0.1 -1.4 -0.8 -0.5 -1.1 -0.9 -0.4
P25 -0.2 -1.0 -0.6 -0.4 -0.6 -0.4 -0.3
Median -0.1 -0.7 -04 -0.3 -0.6 -0.6 -03
P75 -0.1 -0.4 -0.4 -0.3 -0.5 -0.2 -0.3
P97.5 0.2 -0.2 0.3 -0.1 -0.3 -0.2 -0.1
2055

P2.5 -0.3 -4.0 -2.5 -1.7 -2.8 -2.4 -1.5
P25 -0.9 -25 -1.8 -14 -2.2 -1.4 -1.2
Median -0.6 -1.7 -1.1 -1.2 -1.8 -14 -1.2
P75 -0.6 -1.1 -0.7 -1.0 -1.4 -0.7 -1.0
P97.5 0.2 -0.5 -0.8 -0.5 -0.9 -0.6 -0.4
2085

P2.5 -1.8 -5.8 -5.3 -45 -7.1 -34 -4.3
P25 -2.5 -4.1 -39 -35 -4.9 -25 -3.2
Median -2.0 -3.1 -2.6 -28 -39 -2.3 -2.7
P75 -1.3 -2.2 -1.3 -2.2 -3.2 -0.9 -2.1
P97.5 0.0 -1.3 -0.1 -1.1 -1.7 -05 -1.1

Source: Authors’ calculations from model simulations.

Note: Percentage changes from climate model simulations. Baseline yield values were computed from observed climate data
for 1960-1990 and from model projections for 2020-2039, then interpolated to 2012-2015. P2.5 = 2.5 percentile level of
climate model simulation yield results; P25 = 25th percentile; P75 = 75th percentile; and P97.5 = 97.5 percentile.

Implications of Technical Change Coupled
with Climate Change on Crop Yields

Given that cereal yields in Ethiopia are considerably lower than those

in most developed countries, there is substantial potential for techni-

cal change through increased use of improved seeds and fertilizer and bet-
ter water management to lead to significant increases in cereal yields over
time (van Ittersum et al. 2016). Maize, wheat, and sorghum yields increased
by 4.6 percent, 7.2 percent, and 2.3 percent per year, respectively, over the
2010/2011-2015/2016 Ethiopian calendar years." Further yield increases of

10 These calculations are based on Ethiopia, Central Statistical Agency (CSA) data. Note that the
Ethiopian calendar year begins and ends in mid-September.
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TABLE 4.5 Simulated climate change effects on sorghum yields by agroecological zone in
Ethiopia, relative to 2013 yields (%)

Drought prone Humid moisture reliable
Highland-  Highland-

Year Highland Lowland Lowland cereal enset Pastoralist  Ethiopia
2035

P2.5 0.4 1.0 -3.3 1.3 0.1 0.6 0.4
P25 0.6 1.0 -29 1.4 0.8 0.8 0.5
Median 0.8 1.1 -2.3 1.3 0.9 0.5 0.6
P75 0.7 1.3 -1.2 1.4 1.4 1.1 0.6
P97.5 1.6 17 -0.7 1.7 2.3 17 0.8
2055

P2.5 0.1 1.0 -10.1 2.8 1.3 -0.1 0.4
P25 0.3 1.7 -8.8 2.8 1.9 0.4 0.4
Median 0.8 1.8 -6.9 26 2.0 0.6 0.5
P75 0.5 20 -4.9 27 25 1.3 0.7
P97.5 25 4.1 -2.9 33 6.2 3.0 1.3
2085

P2.5 -4.7 0.4 -25.2 2.8 1.6 =37 -3.3
P25 -2.2 1.8 -19.3 3.1 2.8 -1.2 =21
Median -0.6 2.3 -16.0 34 3.0 -0.3 -0.9
P75 -0.3 2.8 -12.5 3.8 3.7 21 -0.5
P97.5 4.4 74 -1.9 5.2 11.5 5.6 2.6

Source: Authors’ calculations from model simulations.

Notes: Percentage changes from climate model simulations. Baseline yield values were computed from observed climate
data for 1960-1990 and from model projections for 2020-2039, then interpolated to 2012-2015. P2.5 = 2.5 percentile level
of climate model simulation yield results; P25 = 25th percentile; P75 = 75th percentile; and P97.5 = 97.5 percentile.

this magnitude are not likely, however, so we model a much more moderate
growth in yields due to technical change of 1.5 percent per year for maize and
1.0 percent per year for wheat and sorghum. Under these assumptions techni-
cal change (with no climate change) would result in a 38.8 percent increase in
maize yields between 2013 and 2035; wheat and sorghum yields would each
increase by 23.9 percent (see Table 4.2; Figure 4.7).

Even with these rather modest rates of yield gains from technical change,
the effects of technical change are far greater than the effects of climate
change, so that average yields of maize, wheat, and sorghum overall, tak-
ing into account the effects of climate change on yields, will increase by
40.5 percent, 23.5 percent, and 24.6 percent, respectively, between 2013 and
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FIGURE 4.7 Simulated yields in 2035 in Ethiopia with technical change and climate change
relative to 2013 yields (%)
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Source: Authors’ calculations from model simulations.
Note: Yields estimated from percentage changes in yields from climate change model simulations.

2035 (Table 4.2; Figure 4.7). By 2055 the total yield gains would be sub-
stantially larger—91.8 percent for maize, 49.4 for wheat, and 52.0 percent
for sorghum.

Conclusion

The model simulations suggest that climate change will likely have only rela-
tively small effects on average yields of maize, wheat, and sorghum in Ethiopia
in 2035 and even in 2055. Although temperatures are expected to increase,
average rainfall is also expected to increase in most regions of the coun-

try. Thus agronomic conditions for cultivation of these crops may actually
improve in large parts of the country, especially the highlands, that currently
have moderate average temperatures.

Nonetheless, crop yields will need to increase to enable cereal production
to keep pace with expected demand growth due to increases in population
and per capita incomes. This in turn will require continued public and pri-
vate investments in agriculture and rural infrastructure as well as policies that
maintain incentives for modern input use and adoption of new technology.
These investments and policies are particularly important because in many
parts of the country land degradation is reducing yields, necessitating further
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investments in sustainable land management as well as increased fertilizer use
to enable even moderate yield gains (Schmidt et al. 2017).

Moreover, even if future changes in climate have only moderate impacts
on average crop yields in Ethiopia, there is growing evidence that weather out-
comes, particularly rainfall, are likely to become more variable in the future.
For example, Pendergrass et al. (2017) suggest that precipitation variabil-
ity over land rises by 4 percent to 5 percent for every degree Celsius increase
in temperature. Thus there could still be substantial effects on crop produc-
tion and household welfare (as well as on livestock) due to extreme events—
droughts, floods, or extremely high temperatures. And because the effects of
rainfall on yield is more U-shaped than linear, a rise in variability, even with-
out a shift in the mean, almost always leads to a reduction in average yields
and not just yields under extreme weather. The findings presented in this
chapter are no cause for complacency in Ethiopian agriculture in the face of
climate change.
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