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GENERAL SUMMARY

Various adaptation options are available to the anticipated climate change and variability impacts
on potato production systems in the study area. However, impact estimation and adaptation
potential evaluation are critical tasks to identify the most viable adaptation options. This study was
thus designed to (i) perform climate analysis, (ii) evaluate the performance of SUBSTOR-Potato
model, (iii) evaluate impacts of climate change and management practices, and (iv) assess the
adaptation role of management practices on potato production in various agroecosystems (AESS)
found in the Choke Mountain Watersheds of Northwest Ethiopian highlands. A simulation study
conducted for climate change and management practices impacts assessment using a crop
simulation model. Two potato varieties (medium maturing and late maturing), three planting dates
(March 01, April 01 and June 01) determined based on information from climate analysis and key
informants, and four nitrogen rates (0 kg/ha, 40 kg/ha, 80 kg/ha, and 120 kg/ha N) were selected
to evaluate their adaptation impacts on potato yield in three climate periods and two scenarios.
Input data needed for the study collected from primary and secondary sources. Climate analysis
performed at landscape level, whereas the model calibrated and evaluated using field measured
data from three AESs. Water limited potential yield, yield gap, and climate change and
management practices impact assessment performed using a validated model. Results revealed that
all AES warmed significantly in all seasons over the historical analysis period (1981-2016) with
higher magnitude of trend in high elevation AES. Rainfall variability was also large across AES,
with largest interannual variability found in the dry season. Trends in temperature extremes are

generally consistent across sites and AES, but with different implications for agricultural activities
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in the different AES. Future projections showed significant wetting and increase in precipitation
(8-1015 mm additional rainfall) and temperature extremes (More summer days, few chill days,
and higher day and night temperature) across AES. High inter-annual variability of rainfall onset
(49-84 days) and cessation (41-66 days) dates was observed, and length of the growing period
exhibited a significant trend (extended by 6-17 days in some areas and shortened by up to 7 days
in other sites) in some AES and greater variability in higher elevation AES (78 — 102 days).
Significant increasing trends and variability in dry spells and onset date may severely affect crop
production that necessitate the revision of AES specific crop production calendar to minimize crop
failure. The results also emphasize the importance of AES-based improved seasonal weather
forecasts and tailored climate information services to guide farm decisions. It also concluded that
AES level analysis could better provide actionable information for decision makers and growers
than site specific and scattered studies. Model evaluation results confirmed that SUBSTOR-Potato
model has strong ability to reproduce observed values and is suitable to simulate tuber yield in
tropical highlands and similar agroecologies. Results of simulation studies showed that planting
season temperature and rainfall had increased in the future climate periods with possible impacts
on potato yield. Results further revealed that climate change in the area showed a wider range yield
impact (0.25% to 281%) across periods and sites compared to the current practice (6 — 41 t/ha) and
major benefit is found in high altitude AESs and in the mid-century period. Future climate change
will also resulted in change in water limited potential yield that ranges from —7 t/ha (in AES3) to
40 t/ha (in AESs) in mid-century climate period under RCP8.5. Adaptation option assessment
results showed that switching to late maturing variety (-15.4%-180.3%), delayed (June 01)
planting time (4.7 — 21.8%) and high nitrogen (120 kg/ha) rate (9.55-28.8%) gave better results.
Adaptation role assessment showed that late and mid-planting of late variety with higher nitrogen
rates had positive impacts under the current climate and strong adaptation impact in the near-term
period. In the mid-century climate period, mid-planting of both varieties with higher nitrogen rates
had impact in the current climate with adaptation role in the future climate. Thus, moving the
planting time to mid-planting time would have strong adaptation role and minimize GHG
emissions, thereby balances trade-off between productivity and mitigation activities.

Keywords: Adaptation, climate change, climate extremes, crop simulation model, maladaptation,
simulation
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CHAPTER 1. GENERAL INTRODUCTION
1.1 Background Justification

Climate change is unequivocal phenomenon globally affecting many systems including
agriculture. Depending on the location of the area in the globe, some areas getting drier and
warmer, and other areas becoming warmer with heavy precipitation and frequent extremes (Gebre
Hadgu et al., 2015a). The climates of Africa is both varied range from humid equatorial regimes,
through seasonally arid tropical regimes, to sub-tropical Mediterranean-type climates and varying
climates exhibit differing degrees of temporal variability, particularly with regard to rainfall
(Hulme et al., 2001), and understanding and predicting these spatiotemporal variations has become
the major challenge.

Long-term climate change driven alterations in rainfall patterns, rainfall variability, and
temperature are most likely increase the frequency of droughts and floods in Ethiopia (Samy et al.,
2019). The country's heavy dependence on rain-fed and subsistence agriculture (Cheung et al.,
2008) increases its vulnerability to the adverse effects of these changes (Amogne Asfaw et al.,
2018; Aklilu Mekasha et al., 2014; Belay Simane et al., 2012). More than 80% of the total
cultivated area (Diro et al., 2011) is directly dependent on summer rainfall and any potential
change in seasonal rainfall critically influence crop production and the well-being of small holder
farmers in the region (Suryabhagavan, 2017). Nearly 90% of Ethiopia’s population lives in the
Highlands (Belay Simane et al., 2012), which include the critical Blue Nile Highlands—a region
that holds special importance due to its role in domestic agricultural production and international
water resources (Zaitchik et al., 2012).

Among the agricultural systems that are affected by climate change impacts, the potato farming
system is severely affected by the changes and seasonal shifts of climate variables, particularly
rainfall and temperature. Potato (Solanum tuberosum L.) is the world’s third food crop after rice
and wheat in terms of human consumption (CIP, 2021; World Potato Congress, 2021). Potato is
likely to become increasingly important for human nutrition in the future as the ratio of edible to
non-edible components is much greater than in wheat, rice and maize and because of the high
potential for increased production in many parts of the world. It is one of the major food and cash
crops in Ethiopia especially in the high and mid-altitude areas (Yazie Chanie et al., 2017; Abebe
Chindi, 2019). Main season potato production in Ethiopia shows a slow growth from 37,000 ha to
1



70,000 ha in 18 years (2001-2019) with the increase in average productivity from10.50 to 14.6
tons, and the area coverage increased by about 1400 ha every additional year with 0.38 t/ha
productivity increment every year. However, the regional area coverage showed a decreasing trend
by about 42 ha every year though productivity showed an increasing trend (0.53 additional tone
yield per ha per year) (CSA, 2020, 2019, 2017, 2016, 2015).

In East Gojam Zone, about 4500 ha of land is covered by potato during the main season with
average productivity of 13.8 — 15.4 t/ha (CSA, 2020, 2019, 2017, 2016), and the livelihoods of
many people in the Choke Mountain Watershed depend on it. Potato holds a huge promise for
improving the livelihoods of hundreds of thousands of smallholder farmers in Ethiopia’s risk-
prone highlands (Abebe Chindi, 2020). It has a promising prospect in improving the quality of the
basic diet in both rural and urban areas of the country.

Despite the potential to expand potato production, its cultivation is hindered by multiple factors
including genetic, climatic, agronomic, and edaphic factors, and climate change induced
challenges will be an added challenge for the sector. Potato is sensitive to high temperature,
moisture deficit, and frost (Yibrah Gebremedhin and Araya Alemie, 2015; Haverkort and
Verhagen, 2008; Rykaczewska, 2015) that makes its productivity very low as compared to its
genetic potential.

Potato production will influence future climatic changes. The study area climate of the twenty-
first century is likely to change, resulting in warmer summers, wetter winters and more variable
patterns of rainfall and temperature, and its extremes (Dereje Ademe et al., 20201, 2020). The
major cause of this climate change is the increasing concentration of atmospheric carbon dioxide
(IPCC, 2007). The ambient concentration has increased from 280 ppm in pre-industrial times to
current levels of about 370 ppm and is expected to reach 540-970 ppm by the end of the twenty-
first century if emissions continue at current rates (IPCC, 2001). These changes will affect the
growth, development and yield of most important agronomic crops including potato since the
sector is deeply interconnected with weather and climate; the main drivers of agricultural
production (Roudier et al., 2011). A seasonal rise in temperature will increase the developmental
rate of the crop resulting in an earlier harvest, and heat stress may result in negative effects on crop
production (Wolf and Van Oijen, 2002), and conversely, increased rainfall in drier areas may
increase the growth and development of the crop that result in higher yields. Moreover, hundreds
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of experiments, under laboratory or controlled environmental conditions, have shown that elevated
CO2 generally enhanced crop yields, though the increases in yield achievable under elevated CO-
are highly species-dependent (Kimball, 1983). Generally, change in climate elements affected crop
management practices, crop yields, farm return and profitability, and distributions and populations
of potato diseases (Southworth et al., 2000). The climate change events expected to continue in
the 21% century (IPCC, 2001) and that will affect the potato yield though the magnitude and type
of effect showed high spatial and temporal variability.

Considerable climatic and topographic variability in the East African region will bring much
spatial and temporal variation in the response of crops to climate change (Thornton et al., 2010,
2009). One of the areas found in the region with such high variability is the Choke Mountain
Watershed of the upper Blue Nile that is characterized by unpredictable and erratic rainfall,
depleted wetlands and ground water, and increased mean temperature ( Belay Simane et al., 2013,
2012). These phenomena have an overriding effect on the expansion and productivity of potato in
the area which has a negative consequence on the livelihood and food security of the residents in
the area.

Climate change is an unequivocal phenomenon (IPCC, 2001) and future climate change and
variability are expected to continue (Daccache et al., 2011) that will affect the yield and quality of
potato (Southworth et al., 2000). Both positive and negative impacts of climate change and
variability are expected on potato production and various adaptation options have been proposed
to offset the negative and tap the benefits of positive impacts (Southworth et al., 2000