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Abstract: - Climate change is increasingly affecting water resources, posing significant challenges for
agriculture, especially in regions reliant on irrigation. This paper examines the impact of climate change on
irrigation water demand, focusing on changes in temperature, precipitation patterns, and evapotranspiration
rates. Using data from different climate models and agricultural regions, the study assesses how these factors
influence water requirements for key crops. Policy recommendations are provided to enhance water
management strategies in the face of climate variability.
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1. Introduction

Agriculture is highly sensitive to climate change, particularly in regions where irrigation is essential for crop
production. Rising temperatures, changing precipitation patterns, and increasing evapotranspiration rates due to
climate change are expected to alter irrigation water demand significantly. Understanding these impacts is crucial
for developing adaptive water management strategies to ensure food security and sustainable agriculture. This
paper assesses the impact of climate change on irrigation water demand by analyzing climate model projections
and their implications for water use in agriculture.

2. Literature Review

The relationship between climate change and irrigation water demand has been widely studied, with research
indicating that rising temperatures and altered precipitation patterns will increase water requirements for crops
(Allen et al., 1998). Evapotranspiration, a key factor in determining irrigation needs, is expected to increase with
global warming, leading to higher water demand (Turral et al., 2011). However, the extent of these changes varies
by region, crop type, and local climate conditions.

2.1. Temperature Increases

Rising temperatures are expected to increase crop water requirements due to higher evapotranspiration rates.
Studies show that for every 1°C increase in temperature, evapotranspiration can increase by 5-10% depending on
the region (FAO, 2017).

2.2. Changes in Precipitation Patterns

Climate change is expected to alter precipitation patterns, leading to more frequent and intense droughts in some
regions and increased rainfall in others. These changes will affect the availability of water for irrigation, with
some regions facing increased water scarcity (Molden, 2007).
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2.3. Impact on Crop Water Requirements

Different crops have varying sensitivities to climate change, with some requiring significantly more water under
warmer conditions. For instance, crops like rice and wheat are highly sensitive to temperature changes, affecting
their irrigation needs (Rockstrom et al., 2009).

3. Methodology

This study uses a combination of climate model projections, historical weather data, and crop water requirement
models to assess the impact of climate change on irrigation water demand. The analysis focuses on key agricultural
regions, including South Asia, Sub-Saharan Africa, and the Mediterranean, where irrigation is critical for crop
production. The study also examines different climate scenarios to understand the range of potential impacts.

4. Data Analysis and Results
4.1. Projected Temperature Increases and Their Impact on Water Demand

Table 1 presents projected temperature increases by 2050 for selected regions and the corresponding increase in
irrigation water demand for key crops.

Table 1: Projected Temperature Increases and Irrigation Water Demand by 2050

Region Projected Temperature Increase (°C) | Increase in Water Demand (%)
South Asia 2.0 15%
Sub-Saharan Africa | 2.5 20%
Mediterranean 1.8 10%
Central America 2.2 18%

4.2. Changes in Precipitation and Their Effect on Water Availability

Figure 1 illustrates the projected changes in precipitation patterns by 2050, highlighting regions expected to
experience significant decreases in rainfall, which will further increase irrigation water demand.

Projected Changes in Precipitation by 2050
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Figure 1: Projected Changes in Precipitation by 2050

https://www.intwater.com 14




- International Water and Irrigation
INTERNATIONAL } Volume 42 Issue 2 (2023)
RAIGATION ISSN: 03345807

; Pages 13 - 17

www.intwater.com

4.3. Impact of Evapotranspiration on Irrigation Needs

Figure 2 shows the projected changes in evapotranspiration rates by 2050 for selected regions, emphasizing the
need for increased irrigation to meet crop water requirements under warmer conditions.

Projected Changes in Evapotranspiration Rates by 2050
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Figure 2: Projected Changes in Evapotranspiration Rates by 2050

4.4. Regional Variations in Irrigation Water Demand

Table 2 compares the projected increases in irrigation water demand across different regions, highlighting
significant regional variations due to differences in climate change impacts and crop types.

Table 2: Regional Variations in Projected Irrigation Water Demand by 2050

Region Crop Projected Increase in Water Demand (%)
South Asia Rice 20%
Sub-Saharan Africa | Maize 25%
Mediterranean Olives 15%
Central America Sugarcane | 18%

4.5. Adaptation Strategies for Managing Water Demand

Figure 3 outlines potential adaptation strategies for managing increased irrigation water demand under climate
change, including water-saving technologies, crop diversification, and improved water management practices.

Adaptation Strategies for Managing Increased Irrigation Water Demand
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Figure 3: Adaptation Strategies for Managing Increased Irrigation Water Demand
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5. Discussion

The data analysis indicates that climate change will significantly increase irrigation water demand across various
regions, with temperature increases and changes in precipitation patterns being the primary drivers. The most
affected regions are those already experiencing water scarcity, such as South Asia and Sub-Saharan Africa. To
address these challenges, it is crucial to implement adaptive strategies that enhance water use efficiency, promote
the adoption of drought-resistant crops, and improve water management infrastructure.

5.1. Policy Recommendations

. Promote Water-Saving Technologies: Governments should incentivize the adoption of water-saving
technologies, such as drip irrigation and precision agriculture, to reduce water use.

. Enhance Water Management Practices: Improved water management practices, including better
irrigation scheduling and rainwater harvesting, can help mitigate the impact of increased water demand.

. Invest in Climate-Resilient Crops: Developing and promoting the use of climate-resilient crop varieties
that require less water and are more tolerant to heat and drought can help reduce irrigation water demand.

. Strengthen Regional Cooperation: Cross-border cooperation is essential for managing shared water
resources in regions where climate change impacts are most severe.

6. Conclusion

Climate change is expected to significantly increase irrigation water demand, particularly in regions already facing
water scarcity. Addressing this challenge requires a combination of technological innovations, improved water
management practices, and policy interventions that promote sustainable water use. By implementing adaptive
strategies, it is possible to mitigate the impact of climate change on agriculture and ensure food security for future
generations.

7. References

[1] Allen, R. G., Pereira, L. S., Raes, D., & Smith, M. (1998). Crop evapotranspiration - Guidelines for
computing crop water requirements. FAO Irrigation and Drainage Paper 56. FAO.

[2] FAO. (2017). Climate-Smart Agriculture: Sourcebook. Food and Agriculture Organization of the United
Nations.

[3] Molden, D. (Ed.). (2007). Water for Food, Water for Life: A Comprehensive Assessment of Water
Management in Agriculture. Earthscan and International Water Management Institute.

[4] Rockstrom, J., Falkenmark, M., Karlberg, L., Hoff, H., Rost, S., & Gerten, D. (2009). Future water
availability for global food production: The potential of green water for increasing resilience to global
change. Water Resources Research, 45(7), WO0A12.

[5] Turral, H., Burke, J., & Faurés, J. M. (2011). Climate change, water, and food security. FAO Water Reports,
36, 1-174.

[6] Allen, R. G., Pereira, L. S., Raes, D., & Smith, M. (1998). Crop Evapotranspiration - Guidelines for
Computing Crop Water Requirements. FAO Irrigation and Drainage Paper 56. Food and Agriculture
Organization (FAO).

[7] FAO. (2017). Climate-Smart Agriculture: Sourcebook. Food and Agriculture Organization of the United
Nations.

[8] Molden, D. (Ed.). (2007). Water for Food, Water for Life: A Comprehensive Assessment of Water
Management in Agriculture. Earthscan and International Water Management Institute.

https://www.intwater.com 16




International Water and Irrigation
Volume 42 Issue 2 (2023)

ISSN: 03345807

Pages 13 -17

INTERNATIONAL
.

554 03365007

www.intwater.com

[9] Rockstrém, J., Falkenmark, M., Karlberg, L., Hoff, H., Rost, S., & Gerten, D. (2009). Future water
availability for global food production: The potential of green water for increasing resilience to global
change. Water Resources Research, 45(7), WO0A12.

[10] Turral, H., Burke, J., & Faurgs, J. M. (2011). Climate change, water, and food security. FAO Water Reports,
36, 1-174.

[11] Trenberth, K. E., Fasullo, J. T., & Shepherd, T. G. (2015). Attribution of climate extreme events. Nature
Climate Change, 5(8), 725-730.

[12]Wada, Y., Van Beek, L. P. H., Wanders, N., & Bierkens, M. F. P. (2013). Human water consumption
intensifies hydrological drought worldwide. Environmental Research Letters, 8(3), 034036.

[13]Fischer, G., Tubiello, F. N., van Velthuizen, H., & Wiberg, D. A. (2007). Climate change impacts on
irrigation water requirements: Effects of mitigation, 1990-2080. Technological Forecasting and Social
Change, 74(7), 1083-1107.

[14] Rosenzweig, C., & Parry, M. L. (1994). Potential impact of climate change on world food supply. Nature,
367(6459), 133-138.

[15] Smith, P., Martino, D., Cai, Z., Gwary, D., Janzen, H., Kumar, P., ... & Smith, J. (2007). Agriculture. In
Climate Change 2007: Mitigation of Climate Change (pp. 497-540). Cambridge University Press.

[16] Lobell, D. B., Schlenker, W., & Costa-Roberts, J. (2011). Climate trends and global crop production since
1980. Science, 333(6042), 616-620.

[17]Mueller, N. D., Gerber, J. S., Johnston, M., Ray, D. K., Ramankutty, N., & Foley, J. A. (2012). Closing yield
gaps through nutrient and water management. Nature, 490(7419), 254-257.

[18] Elliott, J., Deryng, D., Miller, C., Frieler, K., Konzmann, M., Gerten, D., ... & Wisser, D. (2014). Constraints
and potentials of future irrigation water availability on agricultural production under climate change.
Proceedings of the National Academy of Sciences, 111(9), 3239-3244.

[19]Portmann, F. T., Siebert, S., & Ddll, P. (2010). MIRCA2000—Global monthly irrigated and rainfed crop
areas around the year 2000: A new high-resolution data set for agricultural and hydrological modeling.
Global Biogeochemical Cycles, 24(1), GB1011.

[20] Roudier, P., Sultan, B., Quirion, P., & Berg, A. (2011). The impact of future climate change on West African
crop yields: What does the recent literature say? Global Environmental Change, 21(3), 1073-1083.

https://www.intwater.com 17




