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Introduction

Population increase by 2050 expected to be +50% globally; +60% in less developed countries; more than
doubling in Sub-Saharan Africa (Kalvova, 2005). Agriculture is the largest user of water; the sector is highly dependent on
water resources, accounting for 70% of total water withdrawals; some 40% of the global food crop is derived from
irrigated agriculture (Novicky, 2009). Agriculture is in competition with other water users and has impacted negatively on
the environment. Food and water supply are key human sectors exposed to climate change. Climate-change impacts are
already being felt in many countries; further global warming will be unavoidable (Frederick,1999)

Climate change is one of the most important phenomena in our contemporary world. IPCC (2007) defines climate
change as a change in the state of the climate that can be identified (e.g., by using statistical tests) by changes in the mean
and /or the variability of its properties, and that persists for an extended period typically decades or longer. In its most
recent assessment, the Intergovernmental Panel on Climate Change (IPCC) reported that all of Africa is likely to warm
during this century, with the drier subtropical regions warming more than the moist tropics (Huntington, 2004). These
changes in the physical environment in thus determines the water supply of plants, influences the air and heat regimes,
biological activity and plant nutrient status of soil (Montgomery, 2007).

The most significant variables of climate change are temperature and rainfall. Potential future changes is rather
difficult, due to the uncertainties in the forecast of global and long-term temperature and precipitation patterns (including
their spatial and temporal variability) combined with the changing hydrological cycle such as alternations in precipitation
patterns, soil moisture conditions, surface runoff and river flow and discharge.

Many of the world’s countries already struggle under existing water stress from pressures such as irrigation
demands, industrial pollution and water borne sewerage (Groisman, 2005). These pressures will be significantly
exacerbated by climate change, which for many regions will result in reduced rainfall and increasing temperatures, further
reducing the availability of water for drinking, household use, agriculture and industry. As these competing demands
intensify under climate change, effective governance for balancing water demands will become essential, particularly in
the face of strong pressures to prioritize industrial uses over other uses such as drinking supplies. Storm event of high
intensity causes erodibility and surface flow which leads to reserviour sedimentation (Olotu et al., 2009). Reservoir
capacity of Awara dam has greatly reduced as a result of continuous sedimentation and siltation.

Having considered global water-stress problems mainly as result of climate variability, this research study is
aimed at stimulating and modeling Awara reserviour capacity and river flow in order to provide realistic and robust output
for developing and managing effective water resource system.

Materials and methods
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High spatial resolution (0.5°x0.5°, total 66,420 grid cells); and simulation of both water availability (streamflow)
and water use at daily-basis was applied. The meteorological input for 10-year at (0.5° x 0.5% 10 hourly resolution) using
daily climatic variables such as air temperature, specific humidity, wind speed, precipitation, short and long wave radiation
and precipitation. A Geographical and reserviour map was used. Domestic and industrial data such as domestic and
industrial water supply data was simulated to create maximum water supply. Hydrological data such as rainfall (mm),
temperature (0°), river discharge (m®s) and sediment load were obtained from the three gauging stations (Oyimo, Otaloke
and Gbegbeda gauging stations respectively). Runoff data were computed from the obtained rainfall using the following
expressions: Projection of precipitation and temperature used the CLIMGEN models, and hydrological analysis and water
management simulation used the WEAP software. The geographic map of the study area is shown below:
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Results and discussion
CLM-Based Flow Measurement of Surface

Computation of energy and water fluxes including surface runoff using CLM-Based flow and in calculating
surface runoff, CLM represents the effects of limited infiltration of soils (i.e. Hortonian flow) as well as runoff from
saturated surface conditions, and it also considers the effects of frozen soil conditions and root density on soil hydraulic
conductivity.
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Fig.1: Calibration of Mean Annual Runoff

A linear regression through the origin results in Fig.1 an R? of 0.99, suggesting that the CLM runoff captures the
regional wetness and dryness at the large spatial scale of the ASRs. In capturing the temporal variabilty and spatial signal
of the climate the CLM runoff has shown to be a better tool for analysis of relative climate change impacts, but bias
correction is needed if the model is to properly balance water supply with water demand and represent water stress.

Discharge rating

14-year streamflow and discharges from 1999 to 2006 shown in Table 1 allowed us to separate the records into
three similar periods in length, so as to represent different stages of streamflow regulation by reservoirs in the Awara River
watershed. Once a set of characteristics for the watershed have been selected, there is a further assumption that the rainfall-
runoff processes will stay reasonably constant under changing precipitation and temperature conditions.

Table 1: Metrological and hydrological data of River Awara

Year Rainfall (mm) Runoff (mm) Discharge (m3/day)
1997 1125 1023.8 10,231
1998 1036.7 939.2 9390.2
1999 1200 1093.4 10930
2000 12145 1106.6 11066
2001 1200 1093.6 10934.7
2002 1250 1140.4 11400
2003 1300 1187.4 11874
2004 1305 1192.1 119215
2005 1330 1215.6 12156
2006 1322 1208 12080
2007 1346 1231 12310.9
Source: Field study, 2011
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Fig.1: Calibration and validation of river discharge
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Figure.1 shows the measured and simulated time series of streamflow. The trend of simulated flow is reasonably
close to the trend of observed streamflow and both the calibration and validation periods show a similar fit to the data.
However, there are some differences in the observed and simulated values with R? =0.8 and 0.9 respectively. The storage
capacity of Awara reservoir is 321.3 million m® (MCM) and initial storage estimated at 111.4 million m3, this storage was
obtained in the month of January, 1997. The projected reserviour storage was simulated using WEAP model as shown in
Fig.2.
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Figure 3 shows the simulation outp of precipitation for the region. Based on this simulation, the precipitation in
increased in 1997 and dropped in 2008 and pick by 15% from 1999. The reason that pattern is so similar over time is that
the monthly projected precipitation was based on changes in percentage, which were added or subtracted from each year.
Several model studies suggest changes in radiative forcing have played a part in observed trends in mean precipitation.
The combination of decreased precipitation in some regions and increased evapotranspiration in most regions indicates
that many areas would face decreases in overall available precipitation, affecting their water supplies. Projected available
precipitation varies greatly depending on geographic region.
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Figure3: Projected water demand
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WEAP analysis shows that climate change would have significant impacts on water supplies throughout the
country in the coming decades, with over 700 towns and villages in Nigeria facing greater risks of water shortages due to
the effects of climate change. Future water demand is integral to effective water resource management. The model is
capable of forecasting demand for numerous water use sectors, at various spatial scales and time horizons. The output of
sensitivity simulation analysis is shown in Fig3.1.
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Fig.4: Calibrated and simulated air temperature

The temperature changes would have significant effects on many aspects of life in Nigeria. Some of the most
profound potential changes are concerned with water, which is certainly scarce and precious here already. Predicted 21st-
century climate change is likely to diminish the water supply to the entire Northern part of the country. As the earth’s
temperature continues to rise, it has significant impact on our fresh water supplies with the potential for devastating effects
on these resources. As temperatures increase, evaporation increases, sometimes resulting in droughts. As of 2008, the
Nigeria has been experiencing one of the most severe, multi-state, multi-year droughts in decades. The analysis in Fig.4
shows the sensitivity simulation for 14-year period of measures and simulated tempwrature values.

Conclusion

In this research study, two simulation models (CLIMGEN and WEAP) were used to perform sensitivity analysis
on potential impacts of climate change on the water resources in the portion on river, Awara, Nigeria. CLIMGEN was used
to generate outputs of global and hemispheric-mean temperatures within resolution (0.5°x0.5°, total 66,420 grid cells).
Integration of the applied models using long-term historic meteorological and hydrological variables provides monthly
projected changes in temperature, precipitation and river discharges. WEAP model was calibrated to an existing data set
for the Awara River Basin. Water management and climate change adaptation plans will be essential to lessen the impacts,
they cannot be expected to counter the effects of a warming climate for better water resources management.

References

Abdein, Amna Abdelmoneim Elsayied. "Flood Impact Assessment Using Hec-Ras and Gis Techniques Dinder River, Southeast Sudan." Water and
Environmental Sustainability 1.3 (2021): 14-19. Print.

Abdolhakim, Islam. "Assessing the Overwhelming Metals in Roadside Soils of Fundamental Roads in Jos City, Nigeria." Water and Environmental
Sustainability 1.3 (2021): 1-6. Print.

Achebe, Kingsley Mohammed, and Olagunju. "Employing Spider Webs for Environmental Investigation of Suspended Trace Metals in Residential and
Industrial Areas." Water and Environmental Sustainability 1.4 (2021): 22-26. Print.

Alaei, Moslem, et al. "Evaluation of Germination Properties of Different Durum Wheat Genotypes under Osmotic Stress.” Middle-East J. Sci. Res 6.6
(2010): 642-46. Print.

Alerto, Saviour. "Occurring the Paraquat Residues in Various Nigerian." Water and Environmental Sustainability 3.1 (2021): 29-32. Print.

Aletor, Saviour. "Environmentally Induced Alternative Livelihood Strategies among the Artisanal Fishers of the Kainji Lake Basin, Nigeria." Water and
Environmental Sustainability 1.1 (2021): 1-7. Print.

Barth, Oliver. "The Effect of Supplemental Instruction on Educational Accomplishments and Behaviors of Organic Chemistry Scholars." Water and
Environmental Sustainability 1.1 (2021): 30-36. Print.

Baruah, Sanji. "Assessing Heavy Metal Bioaccumulation in Freshwater Fish at the Gingee River in Puducherry, India." Water and Environmental
Sustainability 1.4 (2021): 1-4. Print.

Bi, Dezhong, et al. "Molecular Identification and Genetic Diversity in Hypericum L.: A High Value Medicinal Plant Using Rapd Markers Markers."
Genetika 53.1 (2021): 393-405. Print.

Cheng, Xiao, et al. "Genetic Diversity and Comparative Study of Genomic DNA Extraction Protocols in Tamarix L. Species." Caryologia 74.2 (2021):
131-39. Print.

Elsayied Abdein, A. A. "The Efficiency of Nitrogen Utilization and Root Nodules' Life Cycle in Alfalfa after Various Mineral Fertilization and
Cultivation of Soil." Water and Environmental Sustainability 2.4 (2022): 13-20. Print.

145



World Essays J. Vol., 10 (4), 141-146, 2022

Gholamin, Roza, and Majid Khayatnezhad. "Assessment of the Correlation between Chlorophyll Content and Drought Resistance in Corn Cultivars (Zea
Mays)." Helix-The Scientific Explorer| Peer Reviewed Bimonthly International Journal 10.05 (2020): 93-97. Print.

---. "Study of Bread Wheat Genotype Physiological and Biochemical Responses to Drought Stress." Helix 10.5 (2020): 87-92. Print.

---. "The Study of Path Analysis for Durum Wheat (Triticum Durum Desf.) Yield Components." Bioscience Biotechnology Research Communications
13.4 (2020): 2139-44. Print.

Gholamin, Roza, et al. "Effects of Polyethylene Glycol and Nacl Stress on Two Cultivars of Wheat (Triticum Durum) at Germination and Early Seeding
Stages." Am Eurasian J Agric Environ Sci 9.1 (2010): 86-90. Print.

Guo, Haibing, et al. "Parameter Extraction of the Sofc Mathematical Model Based on Fractional Order Version of Dragonfly Algorithm." International
Journal of Hydrogen Energy 47.57 (2022): 24059-68. Print.

Hewitt, Erica. "Ecological Plunging and Wireless Filming for Science Education: A New Zealand Pilot Experimeent." Water and Environmental
Sustainability 1.1 (2021): 24-29. Print.

Jamaati-e-Somarin, Shahzad, et al. "Study of Agronomical Nitrogen Use Efficency of Durum Wheat, Affected by Nitrogen Fertilizer and Plant Density."
World Applied Sciences Journal 11.6 (2010): 674-81. Print.

K. Kabir, S.M.A. Arefin, and M. T. Hosain. "Analysis of Momentary Variations in the Quality of Water on Specific Criteria in Cole Mere." Water and
Environmental Sustainability 1.1 (2021): 8-12. Print.

Karasakal A, Talib N. "Cadmium lons Removal Analysis from Wastewater Utilizing Salvadora Persica Stem's Activated Carbon." Water and
Environmental Sustainability 2.2 (2022): 1-5. Print.

Karasakal, Arda, Majid Khayatnezhad, and Roza Gholamin. "The Durum Wheat Gene Sequence Response Assessment of Triticum Durum for
Dehydration Situations Utilizing Different Indicators of Water Deficiency." Bioscience Biotechnology Research Communications 13.4 (2020):
2050-57. Print.

---. "The Effect of Saline, Drought, and Presowing Salt Stress on Nitrate Reductase Activity in Varieties of Eleusine Coracana (Gaertn)." Bioscience
Biotechnology Research Communications 13.4 (2020): 2087-91. Print.

Khayatnezhad, M, M Zaeifizadeh, and R Gholamin. "Investigation and Selection Index for Drought Stress." Australian Journal of Basic and Applied
Sciences 4.10 (2010): 4815-22. Print.

Khayatnezhad, Majid, and Roza Gholamin. "The Effect of Drought Stress on the Superoxide Dismutase and Chlorophyll Content in Durum Wheat
Genotypes." Advancements in Life Sciences 8.2 (2021): 119-23. Print.

---. "Effects of Water and Salt Stresses on Germination and Seedling Growth in Two Durum Wheat (Triticum Durum Desf.) Genotypes." Scientific
Research and Essays 6.21 (2011): 4597-603. Print.

---. "A Modern Equation for Determining the Dry-Spell Resistance of Crops to Identify Suitable Seeds for the Breeding Program Using Modified Stress
Tolerance Index (Msti)." Bioscience Biotechnology Research Communications 13.4 (2020): 2114-17. Print.

---. "Study of Durum Wheat Genotypes' Response to Drought Stress Conditions.” Helix-The Scientific Explorer| Peer Reviewed Bimonthly International
Journal 10.05 (2020): 98-103. Print.

Khayatnezhad, Majid, et al. "Study of Nacl Salinity Effect on Wheat (Triticum Aestivum L.) Cultivars at Germination Stage." Am. Eurasian J. Agric.
Environ. Sci 9.2 (2010): 128-32. Print.

Khayatnezhad, Majid, and Fatemeh Nasehi. "Industrial Pesticides and a Methods Assessment for the Reduction of Associated Risks: A Review."
Advancements in Life Sciences 8.2 (2021): 202-10. Print.

Khayatnezhad, Majid, Mohammad Zaeifizadeh, and Roza Gholamin. "Effect of End-Season Drought Stress on Chlorophyll Fluorescence and Content of
Antioxidant Enzyme Superoxide Dismutase Enzyme (Sod) in Susceptible and Tolerant Genotypes of Durum Wheat." African Journal of
Agricultural Research 6.30 (2011): 6397-406. Print.

Khayatnezhad, Roza Gholamin, and Majid. "The Effect of Dry Season Stretch on Chlorophyll Content and Rwc of Wheat Genotypes (Triticum Durum
L.)." Bioscience Biotechnology Research Communications 13.4 (2020): 1829-33. Print.

Lin*, Haitao. "Levafix Blue Color's Visible Light Degradation Utilizing Fenton and Photo-Fenton Procedures." Water and Environmental Sustainability
2.4 (2022): 1-8. Print.

Ma, Shuyan, Majid Khayatnezhad, and Amir Abbas Minaeifar. "Genetic Diversity and Relationships among Hypericum L. Species by Issr Markers: A
High Value Medicinal Plant from Northern of Iran.” Caryologia 74.1 (2021): 97-107. Print.

Mobar, S, and Bhatnagar. "Ling Women by Greenhouse Plan as Illustrated in the Post-Feminist Tamil Film 36 Vayadhinile." Water and Environmental
Sustainability 2.4 (2022): 9-12. Print.

Mobar, Sanjoli, and Pradeep Bhatnagar. "Evaluation of Atmosphere Air Quality in Hyderabad Urban, India." Water and Environmental Sustainability 2.2
(2021): 30-33. Print.

Mollasadeghi, Vahid, et al. "Classifying Bread Wheat Genotypes by Multivariable Statistical Analysis to Achieve High Yield under after Anthesis
Drought.” Middle-East J. Sci. Res 7.2 (2011): 217-20. Print.

Mollasadeghi, Vahid, et al. "Factor Analysis of Wheat Quantitative Traits on Yield under Terminal Drought." Am. Eur. J. Agric. Environ. Sci 10.2
(2011): 157-59. Print.

Niya, Kumar S. "Investigation About Water Quality at Madurai, Tamilnadu, India." Water and Environmental Sustainability 2.2 (2021): 6-9. Print.

Radmanesh, Masoud. "Evaluation of the Efficient Management of Greenhouses for Healthy Items in the Province of Alborz." Water and Environmental
Sustainability 1.1 (2021): 20-23. Print.

Rodriguez, Rubén. "The Study of Enzyme-Water Mutualism Theory." Water and Environmental Sustainability 1.1 (2021): 44-49. Print.

Si, Xingxing, et al. "Understanding Population Differentiation Using Geographical, Morphological and Genetic Characterization in Erodium Cicunium."
Indian Journal of Genetics.4 (2020): 459-67. Print.

Sun, Xiaozhou, and Majid Khayatnezhad. "Fuzzy-Probabilistic Modeling the Flood Characteristics Using Bivariate Frequency Analysis and A-Cut
Decomposition." Water Supply 21.8 (2021): 4391-403. Print.

Tamia, Shyla. "An Investigation into VValue of Eutrophication in Hosur Lakes." Water and Environmental Sustainability 1.4 (2021): 16-19. Print.

Wan, Gu. "Discussing Climate Change: Pathways, Origins, Significant Subjects and Developed Guidlines According to Research Taken Place in China."”
Water and Environmental Sustainability 1.1 (2021): 13-19. Print.

Wang, Chen, Yizi Shang, and Majid Khayatnezhad. "Fuzzy Stress-Based Modeling for Probabilistic Irrigation Planning Using Copula-Nspso." Water
Resources Management 35 (2021): 4943-59. Print.

Wang, Shicheng, et al. "An Optimal Configuration for Hybrid Sofc, Gas Turbine, and Proton Exchange Membrane Electrolyzer Using a Developed
Aquila Optimizer." International Journal of Hydrogen Energy 47.14 (2022): 8943-55. Print.

Zabihi-e-Mahmoodabad, R, et al. "Quantitative and Qualitative Yield of Potato Tuber by Used of Nitrogen Fertilizer and Plant Density." American-
Eurasian Journal of Agricultural and Environmental Science 9.3 (2010): 310-18. Print.

Zaefizadeh, Mohammad, et al. "Discriminate Analyses of the Osmotic Stress Tolerance of Different Sub-Convars of Durum Wheat During Germination."
Adv. Environ. Biol 5.1 (2011): 74-81. Print.

Zheng, Ruonan, et al. "Comparative Study and Genetic Diversity in Salvia (Lamiaceae) Using Rapd Molecular Markers." Caryologia 74.2 (2021): 45-56.
Print.

Zile Huma, Guangsi Lin, Syed Lakhte Hyder. "Promoting Resilience and Health of Urban Citizen through Urban Green Space." Water and
Environmental Sustainability 1.1 (2021): 37-43. Print.

146



