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Abstract
Introduction
Climate changes and human activities are the two main factors altering the hydrological cycle of watersheds

causing changes in the spatial and temporal distribution of water availability. The river flow, as the most critical
component of the hydrological cycle, is the most vulnerable component that is affected by these changes
resulting in worrying consequences on water demand by different sectors. Since there is growing controversy on
the contribution of two main factors (climate change and human interventions) affecting river flow alteration,
assessment and quantification of their contribution is of utmost importance to the water resources managers.
Quantification of climate change and direct human intervention contributions to streamflow alteration is a
prerequisite for developing adaptation strategies and policies for regional water resources planning and
management. To this end, various approaches and methods have been developed and proposed during the last
decades in order to separate the contribution of natural and human-induced factors on river flow regime
conditions. The current research investigates the contribution of climate change and direct human interventions
on the discharge decline of the Hablehrood watershed.

Materials and Methods
In this research, the upstream area of the Hablehrood watershed draining to the Bonekouh hydrometry station,

located within the Tehran Province jurisdiction, has been studied. The hydrological condition of the Hablehrood
watershed, as a main drainage channel of the watershed, has drastically altered during recent years and its
discharge has significantly decreased. In this study, first, the long-term statistics of Simindasht and Dalichay
hydrometric stations were collected and subjected to pre-processing. Then, using the Pettit and Lanzante
statistical tests, the significant change point in their annual discharge time series was identified. Then, the
empirical methods of the slope change ratio of accumulative quantity (SCRAQ) and double mass curve (DMC)
were applied to separate the effect of climate change and human interventions on the discharge decline of the
Hablehrood watershed and its main tributaries. Since rainfall, temperature, and potential evapotranspiration are
considered the main climatic elements in both the used methods, the relationship between discharge, and
precipitation, between discharge and precipitation as well as temperature, between discharge and precipitation as
well as potential evapotranspiration were analyzed in order to compute the contribution of climatic drivers first.
According to the empirical methods, after calculating the contribution of climatic variables to the changes in
water flow, the remaining changes in water flow are attributed to human interventions. In this study, the
observed data from the hydrometry stations of Simindasht and Dalichay during 1980 — 2017 were used. For
SCRAQ, the slope change of the ratio of cumulative discharge and cumulative values of rainfall and temperature


https://orcid.org/0000-0002-9091-2868
https://orcid.org/0000-0002-4458-3995
https://orcid.org/0000-0001-5012-2653
https://orcid.org/0000-0002-4192-4010
https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0002-7778-817X
https://orcid.org/0000-0003-3391-1786

Water and Soil Management and Modeling %

University of Mohaghegh Ardabili

Online ISSN: 2783 - 2546

as well as the slope change of the ratio of cumulative discharge and cumulative values of rainfall and
evapotranspiration were computed to separate the effects of climate change and human interventions.

Results and Discussion
The results of both tests showed that the hydrological regime of the basin changed in the mid-1990s in both

hydrometric stations and the average annual discharge drastically decreased in the period after the change point.
Results of different calculation methods of SCRAQ (the slope change of the ratio of cumulative discharge and
cumulative values of rainfall and temperature (first method) and the slope change of the ratio of cumulative
discharge and cumulative values of rainfall and evapotranspiration (second method)) showed that human
intervention is the main cause of discharge decline within the Hablehrood watershed. According to the first
calculation method, the contribution of climate change on discharge decline at the Simindasht and Dalichay
stations were, respectively, 15.53 % and -37.08 %, and for the second calculation method, 0.55 % and -39.72 %,
respectively. The positive values for the contribution of climate change to the Dalichay station indicate that
climate change has resulted in an increase in its discharge. Results of different calculation methods of DMC
between cumulative values of discharge and climate variables showed that climate change has increasing effects
on the discharge of both Simindasht and Dalichay sub-watersheds.

Conclusion

Human intervention is the main cause of discharge decline in the Hablehrood watershed and the contribution of
climate change is very small and incremental in some cases, particularly for the Dalichay sub-watershed.
Therefore, management policies and priorities should be focused on managing human interventions, promoting
public awareness, optimal using of water resources, and preventing over-exploitation of water resources across
the watershed. The results of this study can provide a scientific guide for the development, utilization, and
management of regional water resources and ecological environment protection.
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Figure 2- Results of change point detecting tests for the average annual discharge time series at the Simindasht and Dalichay hydrometry

station



oy

e &l525, (20T Syt )3 sl pudtine SMSMe g puldl yuusl wusr s

Mo i by adllas gl 3 cplply sl 4l 133l
089)) 3 9 Ul (xS pollle o A Cund (93 (e
5 & S (23 (20295 Mo apd S 503 )b g (gl sl
dewlre (hg)) Jewdly 3ymi=p5% 9 )l (a2 plie
9 oMb bg Ld g (L) ] oS prew B Ad dslbxe (pg
Y i 52 Slasbre ol gl 35 e (il 35 s
ok 3945 oo 0daldie Jodo oyl j3 aSysb s ] o AMS
sl Glusl SMEIo w5 50 s 90y 3 oulBl il o
80 30 Slusl CMEle 5 odlll Llyuss s wiow polie 4> 31
(el By poe 9 G822 9 o3 9 UB)lm (o dally) Sl
sl il 350 85005 93 ol (6,138 151 Wg, Lol sl glie

400 -
350 A Toum = 10.369year - 20545
300 - Re=1
250 -
200 -
150 A
100 A
50 -

Teum = 9.4231year - 18657
R2=0.9999

(31,5 Blo & 3) (2ez5 slod

1970 1980 1990 2000 2010 2020
Jl

Qcum = 4.4925year - 8863.5

Y

,% 200 - R2=0.9974
—~ 150 -

4
4 100
R
3. 50 1 Qeum = 6.5682year - 13005
- R2=0.9973
0 T T T T 1
1970 1980 1990 2000 2010 2020

J

(SCRAQ) (208 jlis (apd yuaii Carnad (B9 jl Juol> glbss —¥—Y
9 WJW LSLQDKM»;‘ d‘):. SCRAQ L):’ﬁ) )):.)lf C)Lu
o (52058 Hlde s Cud )y 3y90 o] 93 2 4D 29 0
220 (Gleds Cal puiS | B By9d 3l S il am Byg0
b &S Jb >l il gals ek, asol @Kl g
I FOk  dm )93 )0 )l bugie (xeod e Las
sloojp 5 cnl (@0l Ky, ST ey sl s S 59
ks & bl (a3l (i Gl 65 Cuns i)l Ny 5l 550
89> > olStunl 93 & Juudliy (355 — 5 g lod (pKle (re
Sl 255 (et sl yoods | L8 893 51 Ster e ) am
2 S 90 0 Gy psd Spgody il laoje

14000 -

=N i Peum = 329.89year - 653634

=, 12000 R2=0.9993

2. 10000 A

§3 8000 -
4 6000 -
3 4000 4

4 Peum = 313.79year - 621304
2000 Rz=0.9973
0 T T T T 1
1970 1980 1990 2000 2010 2020
Jw

3 45000 -

.qi 40000 ET.n = 1111.9year - 2E+06

& 35000 - Re=1

330000 -

4 25000 -

‘8. 20000 -

% 15000 -

35 10000 -

5000 - ET.m = 1055.9year - 2E+06
3 0 Re=1
1970 1980 1990 2000 2010 2020

Jls

(s g0 (5 Ty yu5 Al 31wy g 1B 393 a5ty S 08 50 g ol @pe) Cuddonms Ldg> 125 (52 SCRAQ b ol =Y JS3
Figure 3- Results of SCRAP method for Simindasht sub-watershed (the blue square and the red circle show the period before and after
the change point, respectively)
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Figure 4- Results of SCRAQ method for the Dalichay sub-watershed (the blue square and the red circle show the period before and
after the change point, respectively)
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Table 2- Determining the contribution of climate change and human interventions using the SCRAQ method for the Hablehrood
watershed (Positive values indicate increment or increasing effect and negative values indicate decline or decreasing effect)
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Table 4- Results of double mass curve methods (positive values indicate increment or increasing effect and negative values indicate
decline or decreasing effect)
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Figure 5- Estimated discharge at the Simindasht hydrometry station with different methods of double mass curve
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