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Abstract- In Kabul city water resources have been increasingly stressed duo to population growth and climate change. These
research is about to know the present and future impact of climate change on water resources, in this study region and global
data is collected and the soil and water assessment tools (SWAT2012) was applied to evaluate the water availability in the Kabul
river basin. In this study the simulated analyses period was (2008-2012), two most sensitively parameter was considered
temperature and precipitation. Three deferent climate change scenarios (A1, B1 and A1B) being applied to the model for
simulation of past and future water availability. Snowfall, rainfall, evaporation, surface water and evapotranspiration is
investigated hydrodynamic characteristic.

Based on the result a warmer climate is expected for the study area with a projected change of temperature between 1.5°C and
2.90°C for winter and summer season. Based on A2 scenario the snowfall is expected to decrease for the months of November,
December, January, and February especially between 20% to 40% due to increasing temperature in the mentioned months. The
output of (SWAT2012) model was showed that the stream runoff in the months of January, February, March and April is
increasing between (35% to 45%) and runoff is expected to decrease in the months of June, July, August, and September between
(40% to 50%).
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1.INTRODUCTION

Climate change is very big challenge to the world us we know those country which they are new in development they need to
energy to reach their high energy requirement for developing, so its producing the greenhouse gases which affect the
atmosphere layer and affecting the water resources. Climate change affects global hydrological cycle, which increases the risk
of drought and flood.

Climate change effect on water hydrology system which increase average level of ocean, melting of ice, air temperature, sea
level and other factors. By affecting these factors its predicate that water resources will be affected in future by global
warming. Climate change also effect on runoff, evaporation and evapotranspiration, it's the big problem to the water
hydrology system. Many studied shows that the potential impact of climate change effects on agriculture sector and food
production.

1.1 Afghanistan river basins overview

Afghanistan is a landlocked country with total area of 652,238 km?2. Its border by Tajikistan, Turkmenistan and Uzbekistan to
the north, Pakistan to the east, China to the northeast and Iran to the west. Afghanistan basin according to its topography and
water resources divided into 5 major river basin.

Kabul river basin

Helmand river basin

Harrirud Murghab river basin
North river basin

Amu river basin

A
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Afghanistan River Basins

Rabul River Basin

Fig -1: Afghanistan five river basin map
2. Material and method
2.1 Study area

Kabul river basin is trans-boundary catchment. Its located in the east part of Afghanistan and Chatral valleys of Pakistan. North
latitude is between (33" - 37" ) and east longitude is 67 -74" as shown in figure 1.2 with drainage area of 65202 km?. This
basin is divided into 23 sub-basin and 10 provinces, including Kabul, located in this drainage area. The upper catchment of the
Kabul river basin consist of steep mountains valleys in the Hindokash mountain range, which reach over 7500 m above the sea
level. The Kabul river basin is divided into four distinct areas.

1. Thelogar-maidan Kabul areas
2. Panjshir-Ghorband areas
3. Lower Kabul comprises areas
4. Loghman and kunar area

Finally all these tributaries and river joint in the Aba area of Nangarhar province and pass the border throughout the Pakistan
territory.
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Fig -2: Kabul river basin map, study area
2.2 Data collection and method

For collection the data and method two steps were applied step one of the study, collections of primary data through the
serving of area and second step is collection of secondary data form the relevant ministry of water and energy and published
studies.

e primary data

1. observation of field

2. questionaries’

e secondary data

1. Demographic data

2. Hydro climatic data

2.3 Climate change Scenarios

Global climate change impact on both social and natural system, water resources and ecosystem partially both affected by
climate change. Global warming can sooner hydrological cycle by increasing both evapotranspiration and evaporation rates. In
present scenario by mitigate the greenhouse gases can decrease the effect of climate change on water hydrological system,
evapotranspiration and evaporation is both important variable can be vary by changing temperature.

The first and primary anthropogenic source for the greenhouse gases to emitting the pollution to the environment its carbon
di oxide (CO2), which is producing by burning the fossil fuel. However scientists are assured about the effect of climate change
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and global warming duo to human activities that haw large warming will be and what will be the impact of climate change in
deferent part of the earth.

In present time climate change is one of the big environment challenges to the earth, rising temperature, milting polar ice,
increasing the world free water and changing the waterway from its consequences.

Fig -3: climate changes in region

One of the important impacts of changing climatic conditions is the distribution of precipitation, the spread of droughts and
their continuity, and to a large extent, the negative impact on global water resources. Rising up the temperature and amount of
evapotranspiration and also decreasing rainfall increases the phenomenon of desertification and salinity of the soil. Increasing
temperature and rising winter temperatures mean that winter and summer temperatures will decrease, including the
consequences of reducing groundwater injection and reducing water resources. The issue of climate change affects the
quantity and quality of water resources and affects the needs of industries, agriculture, and drinking water supply.

It is have a close connection between the climate system and hydrological cycle. Any change in the climate changes all the
elements of hydrology, conversely is also happens. Flood waters, river discharge, groundwater, flood and drought are all
affected by rainfall, which is one of the most important climatic elements.

Due to the human activity increase in CO2 and consequently global warming and its impact on national and regional water
resources, it seems necessary to consider the impact of the above changes on water resource management planning.
Increasing the temperature of the globe between 1 and 4 degrees in the present century reflects the dimensions of the
frequency of disasters such as droughts and floods that can affect surface water, underground, land drainage, and so on, Kabul
has little role in climate change and greenhouse gas contamination, but it is more harmful than other parts of the area, Climate
change affects Kabul province in 3 parts; first, surface and underground water resources; second agriculture; and third, forests
and grasslands, it is a concern that with further climate change, Kabul faces more problems such as the water crisis and food

supply.

Climate change affects Kabul province in three stages; first stage, surface and underground water resources; second stage
agriculture; and third stage, forests and grasslands, it is a concern that with further climate change, Kabul faces more problems
such as the water crisis and food supply.
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2.4 Water resources

The snow pack in the mountains in the north and northeastern regions in the river basin constitutes the major runoff in the
basin so water supply varies from year to year. In general, more than 72 percent of the runoff occurs between May and
September and 40 percent occurs between October to April.

A trans- Basin division also transports water from the Chateral valleys, Pakistan to the Kabul river basin Figure 4.

There are four aquifers in the Kabul area. The Paghman-Darulam area has 2 aquifers lying along the course of the Paghman
river and the upper Kabul river. The two other aquifers are located in the Logar sub basin. The main sources of recharge for
this aquifer are infiltration of surface water from the river, irrigation and the ditches and canals. These aquifers are the main
source of domestic water supply and supplemental for irrigation purpose. There are dams and reservoirs and lakes in the
basin and their functions for generating electricity, irrigation and domestic water use are important. During June and July the
peak runoff increasing due to snow melt while the peak demands for water usually is during July and August because of
demand from the Agriculture sector. Further there are more some reservoirs and lakes are used for irrigation, domestic
purposes.

Mean monthly discharge at Dakah station from (2008 - 2012)
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Fig -4: Mean monthly discharge at Dakah station in the period of (2008 - 2012)
2.5 Water availability in the Kabul city

In estimated survey during (2019) identified that the Kabul city has population of around 4.1 million it’s growing rapidly, by
growing of population increase the demand of water in current city, In Afghanistan the Kabul city is first growths population
city. Water availability in the Kabul city the availibilty of water resources is biotic to economic and social wellbeing and rebuild
of Afghanistan.

In present years the population of Kabul city is growing, its effects on the water availability and recent drought placed new
stress to Kabul city. Population growth and recent drought both caused many wells to become contaminated and dry in the
future. According to (Milly and others, 2005) there will be for long time drought, dry will, in future if the global warming is
rapidly on Afghanistan Kabul city.
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Table -1: Impact climate of climate change on water resources anticipate with change of climate

Sources major impact component potential effect of CC

Aquatic system

» Level of water in aquifer

e Level of water in surface
water

e Stream flows

* Flux of water in subsurface

¢ Duo to flood fail of dam
¢ Duo to sedimentation fail of dam
* Drought

Water supply system

e Per capita water demand
» Demand for agriculture

¢ Increasing the level of water demand
behind the project

Quality of water

e Temperature of water
¢ Brininess water
o Concentration of contaminate

¢ Duo to flood fail of dam
¢ Duo to sedimentation fail of dam
* Drought

Water managing system

e stream flow

e Level of water in surface
water

* Level of water in aquifer

* Reducing the water supply system

e On water treatment system reduce the
load

¢ Change in production of hydropower

Hydrologic sources

e Runoff water
e Transpiration
e Recharge
water

e temperature
e Evaporation

of contaminate

¢ Duo to flood fail of dam

¢ Duo to sedimentation fail of dam
» Change in soil moisture

» Shortage of water
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3. Result and discussion
3.1 Precipitation consistency analysis

For analyzing the precipitation available metrological data from Ministry of energy and water for the period of (2008-2012)
were used, to evaluate the precipitation. The primary result is shown that the annual precipitation is record have close
similarly. For the most distinguished result tree time data was analyzed in SWAT model past, present and future from (1967-
2012).Then monthly precipitation changes estimated by combination the three GCMs.

Table -2: precipitation analysis using three GCMs in the Kabul River

© 2020, IRJET |

GCMs Scenario Annul precipitation (mm)
Past (1962-2000) | Present (2008-2012) Future (2046- | PBIAS (%)
2064)
CNRM-CH3 A2 525 515 554 6
A1B 525 515 555 5
B1 525 515 544 4
CCCM3.2 A2 523 515 504 -5
A1B 523 515 528 2
B1 523 515 447 -14

Impact Factor value: 7.529
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MIROC3.2 A2 491 515 575 16
A1B 491 515 473 -3
B1 491 515 455 -7

Annual Water Balance - Kabul River Basin
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Fig -4: Annual water balance in the Kabul River
3.2 Temperature change analysis

One of the mean aim of this study to analyses the past, present and future temperature to known about the change of climate
change in study area. The result is based on four GCMs, future climatic data were analyzed for prediction to identify the mean
temperature from past, to current to future. The result is shown in below figure that the overall annual temperature is
increasing.
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Fig -5: comparison of past, present and future temperature based on four GCMs

Table -3: change of annual temperature based scenarios

Mean temperature trend by (°C)
Past (1961-2000) Current (2008-2012) Future (2046-2064) AT
CNRM-CH3 A2 6.51 8.09 8.97 2.47
AlB | 6.51 8.09 8.13 1.63
B1 6.51 8.09 8.21 1.71
CCCM3.2 A2 6.56 8.09 10.22 3.66
AlB | 6.57 8.09 9.57 3.01
Bl 6.57 8.09 9.64 3.08
MIROC3.2 A2 6.54 8.09 9.72 3.22
AlB | 6.52 8.09 10.38 3.88
B1 6.54 8.09 9.64 3.11
GFDL.CM A2 6.82 8.09 10.02 3.20
AlB | 6.82 8.09 10.21 3.39
Bl 6.82 8.09 9.64 2.84
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3.3 Protection and resolution of future climate change challenge

However the climate change is the big challenge to the world, Resolution is also important to the present time, the firs
important way to control the future climate impact of climate change its mitigate the greenhouse gases (GHG), (COZ2, CO, SO2,
SO......) which helps to the global warming. There is few ways to control the global warming, those country which is need high
amount of energy for development, use friendly and environmentally energy to reduce the emission of greenhouse gases.

1. Use of renewable energy in country.

Substitution of non-renewable energy to renewable energy, reducing usage of fossil fuel in country, develops of new
technology like electronic metro station and other electronic services.

2. Global action to climate change.

UNFCCC is focus on to reduce the greenhouse gases from the sources, and mitigate the greenhouse gases emission. Face to this
problem the first conference was in Kyoto protocol in 1997, this protocol set target for 37 industrialized countries to reduce
their emission.

3. Sustainable forest management and agriculture
All country government has responsibility to save their environment and forest, reduce emission from deforestation

4. Sustainable transportation
5. Sustainable infrastructure

4.1 conclusion and recommendation

In this study the concept of vulnerability impact for water resources duo to climate change, future water availability based on
climate change was assessed. Observe and dependable metrological and hydrological data sets were the main hurdle toward
the present research. Dynamic and regression method have been applied for gap filling of existing metrological data which I
have been obtained during data collection, all observed station located in the flat areas of the basin.

Then the observed precipitation in four stations compared with tropical rainfall measuring mission (TRMM) precipitation data
set based on blocking method, the RZapplied for total variation in the both data sets the result evaluated satisfactory with R2 =
0.80, eventually tropical rainfall measuring mission (TRMM) identified as acceptable precipitation data sets. Extension of
hydro metrological networks in whole the basin is essential to create precise and dependable data base for future planning,
research and development.

SWAT2012 model and GIS used for modeling hydrology spatially estimation of current (2008-2012) available water resources
in the Kabul river basin, Afghanistan. For this research the SWAT model applied to quantify the current water availability,
calibration scenario tested. The optimal scenario result for the simulated monthly and yearly flow the SWAT runoff simulation
were tested again measured runoff data.

Then the annually simulated averaged stream discharge (244.0 mm) is 86% of the measured average value (284.0 mm). So the
water yield results of simulation shown underestimate less than 14.1% of observed annual stream discharge.

In this study totally 11 combination were applied in the SWAT model to project future monthly and yearly water availability
based on high, medium and law emission greenhouse gases (GHG) till 2064 to assess change in temperature, precipitation and
hydrology component in the study area.

For future projected temperature, precipitation and water stream runoff four GCMs and three climate scenario (A2, Alb and
B1) were used in the Kabul river basin for the period of (1961-2065). Based on the results of the 3 climate scenarios, the trend
of impact of climate change is similar.

A warmer climate is expected for the study area with a projected change of temperature between 1.5°C and 2.90°C for winter
and summer season. Based on A2 scenario the snowfall is expected to decrease for the months of November, December,
January, and February especially between 20% to 40% due to increasing temperature in the mentioned months.
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Generally based on these three scenario rainfall expected to increase slightly and snowfall is anticipated to decrease
significantly in 2064. The output of (SWAT2012) model was showed that the stream runoff in the months of January,
February, March and April is increasing between (35% to 45%), and runoff is expected to decrease in the months of June, July,
August, and September between (40% to 50%).

Acknowledgment

[ am highly grateful to Prof Dr. Dominic (Dean of the School of Civil Engineering) for giving me proper guidance and advice
and facility for the successful completion of my thesis.

It gives me great pleasure to express my deep sense of gratitude and indebtedness to my guide Asst prof Jagan.] (Asst.
Professor, School Of Civil Engineering) for his valuable support and encouraging mentality throughout the project. I am highly
obliged to him for providing me this opportunity to carry out the ideas and work during my project period and helping me to
gain the successful completion of my Project. [ am also highly obliged to Dr. Sushil Kumar Singh (Assoc. Professor, School Of
Civil Engineering) project coordinator for providing me all the facilities in all activities and for his support and valuable
encouragement throughout my project.

I am grateful for my past and present members of research groups, friends and Afghanistan Ministry of Energy and Water for
helping me with the ideas and making my M.Tech life a wonderful learning experience. I would like to express our sincere
gratitude to the various regional and international agencies for providing the data required for this study.

My special thanks are going to all of the faculties for encouraging me constantly to work hard in this project. I pay my respect
and love to my parents and all other family members and friends for their help and encouragement throughout this course of
project work.

References

1. Sultan Mahmood Mahmoodi, 2008. Integrated Water Resources Management for Rural Development and
Environmental Protection in Afghanistan. Journal of Development in Sustainable Agriculture.

2. World Bank .2012. Report: Investment plan for Kabul river basin: Afghanistan Water Resources Development

(AWARD) Technical Assessment Project-Technical and Implementation Support Consultancy (TISC), implemented by

Landell Mills :8 - 32.

Assessment of Future Climate Change Impacts on Water Resources of Upper Sind River Basin, Jul 2, 2013.

India Using SWAT Model, Boini Narsimlu & Ashvin K. Gosain & Baghu R. Chahar, 15 May 2013.

5. Impacts of climate change on surface water quality in relation to drinking water production, Delpla, A.-V. Jung, E.
Baures, M. Clement, O. Thomas, 3 July 2009.

6. A review of the potential impacts of climate change on surface water quality, P. G. whitehead , R. L. Wilby , R. W.
BATTARBEE , M. KERNAN & A. ]. Wade, 21 Dec 2009.

7. Availability of Water in the Kabul River Basin, Afghanistan, By T.]. Mack, M.P. Chornack, T.B. Coplen, L.N. Plummer,

M.T. Rezai,1 and .M. Verstraeten, May 2010.

8. IMPACT ASSESSMENT OF CLIMATE CHANGE ON WATER RESOURCES IN THE KABUL RIVER BASIN, AFGHANISTAN,
Mohammad Tayib Bromand,2015.

9. Impact of Climate Change on Water Resources in the Tarim River Basin, Zongxue Xu, January 2004.

10. Assessment of climate change impacts on water resources and agriculture in data-scarce Kabul basin, Afghanistan,
Masoud Ghulami, 19 Mar 2018.

11. The Effects of Climate Change on Water Resources in the West: Introduction and Overview, Warren M. Washington,
January 2004.

12. Torge Tunnemeirmeier, D. Georg Houben. Reort: Improving ground water protection for the preventative avoidance
of drought problems in the Kabul river basin, Afghanistan :17 - 25.

13. Arnell, N.W,, 1999. Climate change and global water resources, Global environmental change.9, S31- S50.

14. Climate Change and Water Resources in Lebanon and the Middle East, E. Bou-Zeid and M. El-Fadel

- w

© 2020,IRJET | ImpactFactor value:7.529 | IS0 9001:2008 Certified Journal | Page 1688



