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Figure 1. Location of the study area, including Ghaleh Shahrokh basin, and Kuhrang Tunnel 1 and 2
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Table 1. Characteristics of the Ghaleh Shahrokh hydrometeric station
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Table 3. Methods for estimating the annual actual evapotranspiration based on the Budyko hypothesis
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Figure 2. Average annual discharge in the Ghaleh-Shahrokh station during the baseline
and variation periods
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Table 4. Contributions of human activities and climate change to runoff reduction in the Ghaleh Shahrokh Basin

estimated by Empirical methods
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Table 5. Climate Elasticity for runoff and the contribution of human activities and climate change to runoff reduction

in the Ghaleh Shahrokh Basin
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Figure 3. Relative contributions of human activities and climate change to
runoff reduction in the Ghaleh Shahrokh Basin

Sl gcdls 4 ol lis ol dalllas gaezme jo

U YY) 203 VT ljeedy CUlgy (il Corgo bawgie ysboey
iz glacld U Wl o oS sl ol (o pd AR
o jl g CudS pj e (RIEL (AL Gibg s ale
ehal g ol 65)laS L) 4 @ ol Jas Fere
Glogy I ol yuin caby 4 e &8 WSl olel
2 odaw e oo F il anld oliu] CundYL (3 dgj005;
e e VY dgus 4 YV e j0 due pl &S edg
slacdld cpl 5l el 335 (yp (1) Cosl 02w,
phoo €8 4 U Conl slaBlan idgh diejls sddplodl
e G L5 bl 35S )15 qw)p )90 adlaie )3 pl
addllas does L AAJUM’Q)"I @l 8,3 sl 50 1) w8l
Oy (88l ool 0 0 (W) ohlKen 5 LB
Syl leean 39500015 wlagy saadliw 3l K> (S
B coge Sl glcdls Lages pMel ol
5 Joi > MLS ol ojen > (oulil sla JluSizs
(V) ohlSer 5 SlaiS .canl odds youiS 35 40 43 (58l
o 5 2 5335 358 Jlab > olsid A535, 3] o5

slr Sy g ool leedly 5l ladd oo sla by,
ool waldl s il 9 Sludl clacled ppow (s
Jie (6550 paie ;00 slahy) &Sl WS e
solen Cul odd 485 )l > g Jeliy (35 S
ool Cuwddy Loy, R? woud ool ol 55 ¥ Jodo jo oS
P2 e g (ad e )S) slagby) ylp e
(s L)J.b L)”I J..wl.»L;o A..o).) ' 9 .-\4.0).) ya ).3‘).3 waclso
P o) s e )S) by 3 edlal L &S el
L llyy alyus 5l (aoyd ¥+) aopd YA s (waclio
(Y+) ohyKen 5 99 Cawl 04 Chnogs alasly oyl 5l oolizl
sculd Gl ppa ud jglaieds 1) gy 93 ol &S
Ko S cpa pd Al alagy > ealdl s g Sl
i iy cslas p> (ot g (oS (g )5y 155 pMel
l) 4&1“&.& .))94 O)P ).) uU9) ul)w )l Jao).) \°a 9 \CA
Cazlad pae Gl b ysgy ol cplply WS o oy
bwg Gldday b by cpl 3925 opl b iws oYL
g Sl Gcdld Il prew e Sl Qi
And e uL»J Sldlae u;l =3 Llodds 0dy )KA) wJSl
Shalie glaodlsy Job a5 olaojes sly b by, opl &
o ml cpiomed (V) M pPowle Wb g
Jo) SesS slojex Sl je SHi claoje 5> b,
(V) 505 (6 pieS Cslal pas g 0392 (¢,0L5 anld 0jg>



AR oLt adlB 550l 050 )3 0l s 5 Sl lacdlad 4 (Siglgpa STy

ey By pite o220 Slagbey Moy peme 90 ailale )3 ol Glej 5 )k g5 3T sladls
Ul gbie 03 54 My Slais oy sl o 4k 88 bl 1Ll el sa S g5 cens adlins
] bl).o.m s L) @3‘9 d)su—)m M‘.?bo LY ‘.70] u9‘.ﬁ.~o o L) aslllas L)J‘ » oalazwl .))94 d‘.mu»s) U“’L“)‘9

o ppe e S gy & d9dee il ulple cwl pepe kD e enp @l plnle el
e Bl bl 3 5l gy Jloo plgn U as )5 18 LoV glosbg) > Hgd 03y )4 i (sl s,

&l

1. Allen, R.G., L.S. Pereira, D. Raes and M. Smith. 1998. Crop evapotranspiration guidelines for
computing crop water requirements. FAO Irrigation and Drainage, Rome, Italy, 56.

2. Almasi, P. and S. Soltani. 2017. Assessment of the climate change impacts on flood frequency (Case
study: Bazoft Basin Iran). Stochastic Environment Research and Risk Assessment, 31: 1171-1182.

3. Ashraf Vaghefi, S., S.J. Mousavi, K.C. Abbaspour, R. Srinivasan and H. Yang. 2014. Analyses of the
impact of climate change on water resources components, drought and wheat yield in semiarid
regions: Karkheh River Basin in Iran. Hydrological Processes, 28(4): 2018-2032.

4. Budyko, M.l. 1948. Evaporation under Natural Conditions. Translated from Russian by Israel
Program for Scientific Translations, Jerusalem.

5. Dey, P. and A. Mishra. 2017. Separating the impacts of climate change and human activities on
streamflow: A review of methodologies and critical assumptions. Journal of Hydrology, 548: 278-290.

6. Eslamian, S.S., K.L. Gilroy and R.H. McCuen. 2011. Climate change detection and modeling in
hydrology. In: Blanco, J. (ed). 2011. Climate Change-Research and Technology for Adaptation and
Mitigation. IntechOpen, pp: 87-100.

7. Gao, G., B. Fu., S. Wang, W. Liang and X. Jiang. 2016. Determining the hydrological responses to
climate variability and land use/cover change in the Loess Plateau with the Budyko framework.
Science of the Total Environment, 557-558, 331-342.

8. Gohari, A., A. Mirchi and K. Madani. 2017. System dynamics evaluation of climate change
adaptation strategies for water resources management in central Iran. Water Resources Management,
31: 1413-1434.

9. Huntington, T.G. 2006. Evidence for intensification of the global water cycle: review and synthesis.
Journal of Hydrology, 319(1-4): 83-95.

10. Isfahan Chamber of Commerce, Industries, Mining and Agriculture, Water Committee. 2016. Report
of the Impacts of Agricultural Land Development Policies on the Zayandehrood River Drought. (In
Persian).

11. Kakaei, E., H.R. Moradi, A.R. Moghaddam Nia and H.A.J. Van Lanen. 2019. Quantifying positive
and negative human-modified droughts in the Anthropocene: Illustration with two Iranian catchments.
Water, 11: 884.

12. Kanani, R., A. Fakheri-Fard, M.A. Ghorbani and Y. Dinpashoh. 2020. Analysis of the role of climate
and human factors in runoff variations (Case study: Lighvan river in Urmia Lake Basin, Iran). Journal
of Water and Climate Change, 11(1): 291-302.

13.Liu, J., S. Fritz, C.F.A. Van Wesenbeeck, M. Fuchs, L. You, M. Obersteiner and H. Yang. 2009. A
spatially explicit assessment of current and future hotspots of hunger in Sub-Saharan Africa in the
context of global change. Global and Planetary Change, 64: 222-235.

14. Milly, P.C.D., K.A. Dunne and A.V. Vecchia. 2005. Global pattern of trends in streamflow and water
availability in a changing climate. Nature, 438(7066): 347-350.

15. Ma, Zh., Sh. Kang, L. Zhang, L. Tong and X. Su. 2008. Analysis of impacts of climate variability and
human activity on streamflow for a river basin in arid region of northwest China. Journal of
Hydrology, 352: 239- 249.

16. Mwangi, H.M., S. Julich, S.D. Patil, M.A. McDonald and K.H. Feger. 2016. Relative contribution of
land use change and climate variability on discharge of upper Mara River, Kenya. Journal of
Hydrology: Regional Studies, 5: 244-260.

17.0I'dekop, E.M. 1911. On Evaporation from the Surface of River Basins: Transactions on
Meteorological Observations. Lur-evskogo, report. University of Tartu, Tartu, Estonia (in Russian).

18. Pettitt, A.N. 1979. A non-parametric approach to the change-point problem. Journal of the Royal
Statistical Society, 28: 126-135.

19.Pike, J.G. 1964. The estimation of annual runoff from meteorological data in a tropical climate.
Journal of Hydrology, 2: 116-123.

20.Qin, J., Y. Ding, T. Han and Y. Liu. 2017. Identification of the factors influencing the baseflow in the
permafrost region of the northeastern Qinghai-Tibet Plateau. Water, 9(666): 1-16.

21.Rahmani, N., K. Shahedi, K. Soleimani and M.H. Miryaghoubzadeh. 2016. Evaluation of the land use
change impact on hydrological characteristics (Case study: Kasilian watershed). Journal of Watershed
Management Research, 7(13): 23-32 (In Persian).



Y WAL e 5 sl Y ojleds [omjl Jlo jusul o5 o e dsliing

22.Rangecroft, S., A[F. Van Loon, H. Maureira, K. Verbits and D.M. Hannah. 2016. Multi-method
assessment of reservoir effects on hydrological droughts in an arid region. Earth System Dynamics,
57:1-32.

23.Rani, S. and S. Sreekesh. 2018. Variability of temperature and rainfall in the Upper Beas Basin
Western Himalayas. In: Mal, S., R. Singh and C. Huggel (eds). 2018. Climate Change Extreme Events
and Disaster Risk Reduction. Springer. Germany.

24. Sankarasubramanian, A., R.M. Vogel and J.F. Limbrunner. 2001. Climate elasticity of streamflow in
the United States. Water Resources Research, 37(6): 1771-1781

25. Schaake, J.C. 1990. From climate to flow. In: Waggoner, P.E. (ed.). 1990. Climate Change and U.S.
Water Resources. John Wiley, New York, United State, 177-206 pp.

26. Schreiber, P. 1904. Uber die Beziehungen zwischen dem Niederschlag und der Wasserfu hrung der
Flu e in Mitteleuropa. Meteorol. Z., 21(10): 441-452.

27.Searcy J.K., C.H. Hardisoni and W.B. Langbein. 1960. Double mass curves. US Geological Survey,
Washington DC.

28. Shafiei, M. and Sh. Gharari. 2017. A review on hydrological modelling concepts: Part 1-Introduction
of modelling process. Journal of Water and Sustainable Development, 4(2): 95-102 (In Persian).

29. Sorokin, L.V. and G. Mondello. 2018. Entering the new +2 °C Global Warming age and a threat of
World Ocean expansion for sustainable economic development. In: Mal, S., R. Singh and C. Huggel
(eds.). 2018. Climate Change Extreme Events and Disaster Risk Reduction. Springer, Berlin,
Germany.

30.Tao, F., Z. Zhang, J. Liu and M. Yokozawa. 2009. Modelling the impact of the weather and climate
variability on crop productivity over a large area: a new super-ensemble-based probabilistic
projection. Agricultural and Forest Meteorology, 149: 1266-1278.

31.Wagener, T., M. Sivapalan, P.A. Troch, B.L. McGlynn, C.J. Harman, H.V. Gupta, P. Kumar, P.S.
Rao, N.B. Basu and J. Wilson. 2010. The future of hydrology: An evolving science for a changing
world. Water Resources Research, 46: 1-10.

32.Wang, S.J., M. Yan, Y.X. Yan, C.X. Shi and L. He. 2012. Contributions of climate change and human
activities to the changes in runoff increment in different sections of the Yellow River. Quaternary
International, 282: 66-77.

33.Wu, J., C. Miao, X. Zhang, T. Yang and Q. Duan. 2017. Detecting the quantitative hydrological
response to changes in climate and human activities. Science of the Total Environment, 586: 328-337.

34.Xu, C.Y., L. Gong, T. Jiang, D. Chen and V.P. Singh. 2006. Analysis of spatial distribution and
temporal trend of reference evapotranspiration in Changjiang (Yangtze River) Catchment. Journal of
Hydrology, 327: 81-93.

35.Yao, H., C. Shi, W. Shao, J. Bai and H. Yang. 2015. Impacts of climate change and human activities
on runoff and sediment load of the Xiliugao Basin in the upper Yellow river. Advances in
Meteorology, 481713.

36.Ye, X.C., Q. Zhang, J. Liu, X.H. Li and C.Y. Xu. 2013. Distinguishing the relative impacts of climate
change and human activities on variation of streamflow in the Poyang Lake catchment. China. Journal
of Hydrology, 494: 83-95.

37.Zhang, Q., C.Y. Xu, H. Tao, T. Jiang and Y.D. Chen. 2010. Climate changes and their impacts on
water resources in the arid regions: a case study of the Tarim River basin China. Stochastic
Environmental Research and Risk Assessment, 24: 349-358.



Journal of Watershed Management Research, Vol. 11, No.22, Autumn and Winter 2021 ...........ooiiiiiiiiiiiniiiniiiiieen, 242

Hydrological Response to Human Activities and Climate Change in
the Ghaleh-Shahrokh Watershed

Alireza Sharifi Garmdareh?, Rasoul Mirabbasi Najafabadiz, Mohammad Ali
Nasr-Esfahani® and Rohollah Fattahi Nafchi?

1- PhD Student Shahrekord University (Corresponding author: areza_sharifi@yahoo.com)
2- Associate Professor Shahrekord University
3- Assistant Professor Shahrekord University
Received: November 14, 2019 Accepted: March 28, 2020

Abstract

Determining the relative contributions of human activities and climate change to variations of
runoff in basin is very important for sustainable management of water resources. In this study,
seven methods were used to determine these relative contributions in the Ghaleh-Shahrokh
watershed as the main upper catchment of Zayandeh-Roud River. These seven methods can be
divided into two main categories, including empirical methods and elasticity-based methods. At
first, Pettitt method was used to determine undisturbed and disturb periods of the runoff in the
watershed and then relative contributions of climate change and human activities were
determined by using the different methods. The results of this study show that the human
activities play a dominant role in the reduction of runoff in the Ghaleh-Shahrokh catchment.
According to the empirical and the elasticity-based methods, human activities account for 64.5
% (47 to 82%) and 76 % (70 to 89 %) of the total runoff decrease, respectively. Also, 35.5 %
and 24 % of the total decrease in runoff in the catchment was due to climate change effects
according to the empirical and elasticity-based methods, respectively. Generally, it can be
concluded that the elasticity-based methods are better than the empirical methods in determining
the contributions of human activities and climate change to runoff variations, because they take
into account the evapotranspiration addition to rainfall and runoff.

Keywords: Climate Change, Elasticity-based methods, Emperical methods, Ghaleh-Shahrokh
Watershed, Human Activities, Zayandeh-Roud River
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