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Sensitivity Analysis on Time Series
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Abstract

In this paper, the Impacts of Climate Change and Human
Activities on Runoff Reduction (ICHRR) are quantified using
three approaches based on regression, climate elasticity and
water balance models. These approaches are based on finding
the location of the occurring an abrupt statistical change
(breakpoint) in runoff time series. In this paper, the effect of
locating the breakpoint(s) on the mentioned quantified impacts
is studied through sensitivity analysis. The performance of the
mentioned three approaches is evaluated by applying them on
Zayandehrud river discharge which is subjected to significant
human induced changes such as dramatic increase of the area
of agricultural lands and inter-basin water transfer projects.
The water balance model is calibrated and verified for the
period of 1976 to 1984. The sensitivity analysis shows that
among several years with potential of the occurring a
breakpoint, considering the year of 2006 as the breakpoint, the
estimated values of ICHRR are more realistic. These results
are in accordance with the observations including the time
series of climate variables, agricultural land areas and inter-
basin water transfer discharge. Also, if the impact of inter-
basin water transfer on increasing runoff is removed from the
runoff time series, the impact of climate change on runoff
reduction based on all the three approaches is mostly close to
Zero.

Keywords: Climate Change; Change Point in Time Series;
Runoff Reduction; Water Balance Model; Inter-Basin Water
Transfer.
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Collecting temperature,
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and NDVI satellite data

p

o )
N

v

eriving time series of agricultural
areas by processing NDVI data

D

Calculating the impact of human
activities and climate change on
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Sensitivity analysis on the
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Determining final values of the contribution of
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examining the time series of agriculture areas
and inter-basin transferred water

Fig. 1- A flowchart of the proposed methodology
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Fig. 2- A schematic of Gavkhuni Basin and Zayandehrud Sub-basin
390015 S g 315 9 (S99 1 il Gaadgs Flallae b3g5m0 Cuxdge Y S

Ghale Shahrokh Station

100

A O o
o O o

Streamflow (M3/S)
N
o

0

1976 1980 1984 1988 1992 1996 2000 2004 2008 2012

700.00
600.00
£ 500.00
S 400.00
£ 300.00
=
S 200.00
o
100.00
0.00

Year

Fig. 3- Time series of annual runoff in Ghale Shahrokh station (1976-2017)
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Fig. 4- Time series of annual precipitation in Ghale Shahrokh station (1976-2017)
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Fig. 5 Time series of water transfer discharge using the Koohrang 1 and 2 tunnels (1976-2017)
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Fig. 6- Time series of the area of agricultural regions obtained from satellite images
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Table 1- Results of linear regression method given the potential breakpoints
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Years with potential of occurring a breakpoint

1994-1995 1996-1997 2000-2001 2002-2003 2005-2006
WT RWT WT RWT WT RWT WT RWT WT RWT
Contribution of
climate change to -26%  -43% -5% -13% -20% -34% -10% -18% 18% 9%
runoff reduction
Contribution of human
activities to runoff 126% 143% 105% 113% 120% 134% 110% 118% 82% 91%

reduction

RWT: with removing the increasing effect of inter-basin water transfer
WT: without removing the increasing effect of inter-basin water transfer
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Table 2- Values of the function of aridity ratio and
elasticity of precipitation and evapotranspiration
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0.98 0.995 0.005

ep: Elasticity of precipitation
g Elasticity of evaporation
F(®): A function of the aridity ratio

VAR Gl ) oF 2 ylowd (o3 3L Jlw oyl l O galio ol
Volume 16, No. 4, Winter 2021 (IR-WRR)

Y4y



Table 3- Results of the climate elasticity method based on the Budyko hypothesis
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Years with potential of occurring a breakpoint

1994-1995 1996-1997 2000-2001 2002-2003 2005-2006
WT RWT WT RWT WT RWT WT RWT WT RWT
Contribution of climate
change to runoff -1% -10% 2% -5% 0% -T1% 5% -4% 8% 3%
reduction
Contribution of human
activities to runoff 101% 110% 98% 105% 100% 107% 95% 104% 92% 97%

reduction

RWT: with removing the increasing effect of inter-basin water transfer
WT: without removing the increasing effect of inter-basin water transfer
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Table 4- Optimal values of the parameters of the water balance model in the calibration period (1976-1982)
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0.053 0.289 0.987 0.936 0.998 0.039 0.164 173 118 10.05 -10.78
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Fig. 7- Observed and simulated runoff time series in the calibration and validation periods
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Fig. 8- Observed and simulated runoff time series considering a) 1994, b) 1996, c) 2000, d) 2002 and e) 2005
as years of breakpoint occurrence

72810793 35 038 (gl DUly) g (Flaalde SUly, (Jloj Sl pw —A JSui
(SUlgy s o 9> ComsStls D1ady Juwniiliy (51,13 s U 58,5 a5, L)

Sl pite Ol pnis g 398 00 035 (pedS doyd Voo ) i Cllgy 5 Slas b)) jolate 4 TeadSSlam (85 (el b duwlore yl0da
03) (eSS Moyd Cam I o U Ollyy Lialiel Jolo o8l cwl SYL g VWL ey 4 omliel g (oulg 0y93 5> e
255 5 Gk Gloj slais e oy oSl o 3l Nigd o M (S3loe 2 (0) e~ 2,50 3l ol s &y @‘5

S 53 il 8 05 o g e il osinsglis illte (Slacalld s il s 3] e S5l 5 SSE et 4 (o]
L Sl s oY 8 Jlo 55 45 bl gyl el sl 035 61D Jyis 5 by, il ol
e s ko3 e bl Sllg,y ials oy Sl 5 VRSNV AAAF-1AA0 la Jle B s, b s
GilS bl alge gl o Yo o¥=Yoo¥ 5 YooeoYeo)

VAL i oF e 923355 JLu 3l o oo liins
Volume 16, No. 4, Winter 2021 (IR-WRR)
yay



Table 5- Results of fixing-changing method using the validated water balance model
o i i) O Wy Jo 51 02Uawl y yund —Canili 2,509, W -0 Jgo2

Years with pote

ntial of occurring a breakpoint

1994-1995 1996-1997 2000-2001 2002-2003 2005-2006
WT RWT WT RWT WT RWT WT RWT WT RWT
Contribution of
climate change to -33% -45% -11% -23% -18% -37% -1% -10% 20% 10%
runoff reduction
Contribution of
human activities to 133% 145% 111% 123% 118% 137% 101% 110% 80% 90%
runoff reduction
RWT: with removing the increasing effect of inter-basin water transfer
WT: without removing the increasing effect of inter-basin water transfer
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1- Budyko Hypothesis

2- The Yellow River

3- Cumulative Anomaly

4- Modified Precipitation Runoff Modeling System
5- Decomposition and Sensitivity Methods

6- Pettitt

7- Miyun Reservoir

8- The Soil and Water Assessment Tool

9- Heuristic Segmentation Algorithm

10- Aridity Ratio

11- Fixing-Changing Approach
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13- Nash Sutcliffe Efficiency
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