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Abstract

This study investigates the applicability of the two-parameter climate elasticity of
streamflow index to assess the impact of globa warming on regional hydrology of Teeb river
watershed, south of Irag. The results indicate that the streamflow response to rainfall and
temperature anomalies exhibits a non-linear relationship. A 50% rainfall increase in the Teeb
watershed results in a 10% increase in streamflow at mean temperature, but no increase in
streamflow for temperature increases of 1.5 °C. A 20% rainfall decrease results in a (20-30%)
decrease in streamflow at mean temperature but only 10% decrease in streamflow if the
temperature increases 1.5 °C.Results also indicate that the streamflow elasticity for climate
changes is a useful index to assess the sensitivity of streamflow to both precipitation and
temperature departure. Water resource issues in the Teeb watershed are likely to be more
critical if the adopted climate changes scenarios are correct.
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1- Introduction anthropogenic forces due to green-house
In the recent years, there is a proved  gases, aerosols, and land surface changes.
scientific conviction that the global climate The Assessment of the Intergovernmental

is changing as a result of the combined  panel on climate change (IPCC, 1996) states
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that an increasing concentration of
greenhouse gasses in atmosphere is likely to
cause an increase in globa average
temperature of between 1 and 3.3 °C over
the forthcoming century. This will lead to a
more vigorous hydrological cycle, with
changes in precipitation and
evapotranspiration rates regionally variable.
These changes will in turn affect water
availability and runoff and thus may affect
the discharge regime of rivers especialy
bigger one. As stated by Wurbs et al. (2005)
plans of water resource management
increasingly need to incorporate the effects
of global warming to predict future supplies.

Numerous studies have documented
the sensitivity of streamflow to climate
change for basin across the world (Fu and
Liu, 1991; Yates and Strzepek, 1998;
Sankarasubramanian et al., 2001; McCarthy
et al., 2001; Arnell, 2002; Chiew, 2006; and
Fu et a., 2007a). Most of these studies
involve estimation the climate elasticity of
streamflow which was introduced by
Schaake (1990) for evaluating the sensitivity
of streamflow to changesin climate.

The main objective of this study is to
investigate the climate changes on Teeb

Riverstreamflow in northeastern Missan
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governorate, south of Iraq through the

concept of climate elasticity of streamflow to
better manage of this river. Examination of
climate changes on this river discharge is
needed to improve plans for future growth
related to sustainable water policies.

HYDROLOG OF TEEB WATERSHED

Teebriver is an ephemeral stream emerges
from Iran and the Iranian part of the river
watershed has an extensive area and
provides the mgjority of the total streamflow
(Fig. 1). In Irag, the stream has a southerly
course and ends in Sanaf marsh. The total
length of the river within the Iragi territory is
65 km, the average width is of about 50 m,
and the average river bank height is 10 m.
The course of the river changes annually
because it runs through alluvia fan which
consists mainly of sand. Rainfal in Iranian
territory is considered the only source of this
stream. The average discharge of riveris
variable depending on rainfall. Figure (2)
shows the average monthly discharge of this
stream for the period (1990 - 2007)
(Ministry of Water Resources/ Missan). The
stream attains maximum flows during winter
months (January through March), while the
minimum flows occur during summer
months. The Teeb stream may flood the
surrounding areas during winter months and
causes damage to bridges and other
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engineering constructions such as roads.
Table (1) reports the water quality analysis
of the streams, in which the water quality is
unfit for human consumption due to high salt
content. Generally the salt content increases

downstream indicating the ability of the
streams to dissolve rocks and mineras
through their journey from upstream to
downstream.
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Fig. 1:Mean monthly of Teeb dischargefor the period (1995-2007)
Table (1): Water quality analysis of Teeb River (annual average)
Chemical constituents
Stream
pH EC TDS | Na K* [ ca? | Mg? | CI | SO,? | HCOs TH
Teeb 7.4 6122 | 3055 | 176 | 26 | 576 | 186 | 1183 | 1337 | 130 2207

EC measured in mmohs/cm, other constituentsin ppm
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Fig. 1: Location of the study area and meteorological station.
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DATA SET

A time series of monthly tota
streamflow since 1990 was provided by the
Generad Commission of Irrigation/Missan
branch. The only meteorological station close
to the study area is the Al-Amarah station.
The longest running station goes back to
1970 dthough the station does not have
continuously records. The location of this
station is shown in Fig. (1). Table (2)

summarizes the data set available for this
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station including the years of record.
Monthly rainfall and temperatures averages
for this station were provided by the General
Commission of Weather/ Baghdad. Analysis
of the climatic data (i.e. rainfal and
temperature) indicates that rainfall average
has experiences significant decreasing trend
in recent years (Fig. 2 and 3). At the same
time, increase

trending (about 1 °C).

temperature has had an

Table (2) Some climatic characteristics of Al-Amara station.

|t remprure [ S e S

(%) (m/s) (h/d)
Oct. 6.32 27.12 27.12 3.09 8.8
Nov. 19.45 19.15 19.15 3.04 7.19
Dec. 34.73 13.33 13.33 2.77 6.14
Jan. 34.87 11.51 11.51 2.8 6.31
Feb. 24.55 14.01 14.01 3.36 7.44
Mar. 329 185 185 3.79 7.45
Apr. 14.66 24.84 24.84 3.87 8.68
May 3.99 31.29 31.29 4.15 9.97
Jun 0.03 35.26 35.26 5.8 11.95
Jul. 0 37.49 37.49 573 11.76
Aug. 0 36.74 36.74 5.19 116
Sep. 0.02 33.13 33.13 4.02 105
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Fig. 2: Trend of monthly average of rainfall since 1970. (Al-Amar a station)
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Fig. 3: Trend of monthly average of temperature since 1970. (Al-Amar a station)
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METHODOLOGY

The climate elasticity of stream flow is
defined as the proportional change in stream
flow, Q, to the change in a climate variable
is defined
mathematicaly as. (Sankarasubramanian et
al., 2001)

such as precipitation, P. It

_dQQ_dQP

~dP/P dPQ @)

e,(P.Q)

The climate elasticity of streamflow is
often estimated from hydrological models.
The difficulty is the hydrological model
building and vaidation remains a
fundamental challenge. In order to solve this
problem, Sankarasubramanian et a (2001)
introduced a specific case of (1) at the mean

value of the climatic variables:

d
elmm)= Gl o
P=m

where m, and m, denote mean values of

)

precipitation and stream flow.

To study the effect of climate change
for a single basin, Risbey and Entekhabi
(1996) used the observed data of annual
precipitation, temperature, and stream flow.
They presented their results in contour
format by using the adjustable tension
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continuous curvature surface grid algorithm.
Fu et al. (2007) extended this work by using
different interpolation

Geodstatistical anayst of ArcGIS software.

techniques using

The annual percentage departure for
streamflow (@xloO%J

Q
precipitation ( R % P xlOO%) and

temperature (Tt —'T)for a specific basin were
caculated and plotted on precipitation-
temperature plane, such that each point in a
plane represent one year of observed data.
The contours of stream flow percentage
change were then interpolated from these
points and transferred to a regular grid for
contouring using interpolation techniques
stochastic). The

temperature

(deterministic or
streamflow-preci pitation-
relationship
elasticity of stream flow using the following
formula: (Fu et a., 2007)

is converted to a climate

3)

[QP,dT _6 5}
Coar =| 5 ==
’ PP,dT -P Q

where dT=(T-T) is the temperature
departure.
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RESULTS AND DISCUSSION

The preci pitation-temperature-
streamflow for the Teeb watershed is shown
in Fig. (4) inwhich thereisasdlightly positive
relationship between precipitation change
and streamflow change while there is a
dlightly relationship  between
temperature change and stream flow change.

negative

However, as temperature changes occur
concurrently with changes in precipitation
characteristics such as seasonality, spatial
distribution, and intensity, these results do
not completely separate the effect of
temperature from that of precipitation (Yu et
al., 2010).

The

streamflow change are obvious in Fig. (3).

impacts of temperature on
For example, a 50% precipitation increase in
the Teeb watershed results in a 10% increase
in streamflow at mean temperature (red line),
but no increase in streamflow for a
temperature increase of 1.5 °C (blueline). A
20% precipitation decrease results in a (20-

30%) decrease in stream flow a mean
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temperature, but only 10% decrease in
stream flow if the temperature increases
15°C.

For estimating climate elasticity of
streamflow for Teeb watershed, the long —

term mean annual precipitation, stream flow

and temperature are 174.2 mm (P), 202.1
m*(Q), and 24.2 °C (T'), respectively. For an
arbitrary year, say the annual precipitation
and temperature are 220 mm (a 30% increase
over the long term mean) and 26.7 °C (1.5 °C
increase over the long-term mean). From the
streamflow-  precipitation-
interpolated surface (Fig. 3), the estimated

temperature

annual streamflow is about 90 m® for this
precipitation and temperature combination.
By applying Eqg. (3), the estimated climate
elasticity of streamflow for this scenario is
about 0.70. Thus for a future climatic change
scenario, given the precipitation and
temperature changes, the climate elasticity of
stream flow can be used to estimate the

annual streamflow.
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Fig. (4): Contour plot of percentage streamflow(solid line) change as a function of

per centage precipitation change and temperature departurefor the Teeb water shed.

CONCLUSION

The analysis of streamflow response to
climate changes is investigated using the
concept of streamflow elasticity of climate
change index. Results exhibits that a 50%
precipitation increase in the Teeb watershed
results in a 10% increase in streamflow at
mean temperature, but no increase In
streamflow for a temperature increases of 1.5
°C. A 20% precipitation decrease resultsin a
(20-30%) decrease in streamflow at mean
temperature but only 10% decrease in stream
flow if the temperature increases 1.5 °C. The
results indicate that the streamflow response
rainfall  and

to temperature anomalies

exhibits a non-linear relationship. The
method adopted here can be easly
implemented to different watershed across

the country.

REFERENCES

Arnell, N. 2002. Hydrology and Globa
Enviromentar Change, Prenctic Hall.
Englewood Cliffs, NJ.

Chiew, F. H. S, 2006. Estimation of rainfall

elasticity of in Austraia,

Hydrology Science J. 51: 613-625.

G. and C. Liu.,, 1991.Impact of global

warming on regional hydrological regime- A

streamflow

Fu,

case study on Wanquanhe basin, ACTA
Georg.Sinica, 46: 277-289.



A. M. Atiaa et al. Marsh Bulletin 8(1)(2013)148-158

Fu, G, Garles, S. P., Viney, N., Chen, S,, and
Wu, J. 2007. Impacts of climate variability

the Yelow River.
Hydrology Process 21: 3431-3439.

IPCC, 1996. The Science of Climate Change,
Houghton, J. T., MaeiraFilho, L. G,
Cadlander, B. A., Harris, N., Kattenberg, A.,
and Maskell, K. (eds), University Press,
Cambridge.

McCarthy, J. J., Canziani, O. F., Leary, N. A,
Dokken, D. J.,, and White, K. S., 2001.
Climate change 2001: Working Group II:

on streamflow in

Impacts, Adaptation, and Vulnerability,
Contribution of Working Group Il to the
Third Report of  the
Intergovernmental  Panel  on  Climate

Cambridge University Press,

assessment

Change,
Cambridge, U. K.

Risbey, J. S., and Entekhabi, D., 1996. Observed
Sacramento Basin streamflow response to
precipitation and temperature changes and
its relevance to climate impacts studies. J.
Hydrology 184(3-4): 209-223.

157

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

Schaake, J. C., 1990. From climate to flow, in
Climate Change and U. S. Water Resources,
edited by P. E. Waggoner, chap. 8, pp. 177-
206, John Wiley, New Y ork.

Wurbs, R. A., Muttiah, R. S,, and Felden, F.,
2005.Incorporation of climate change in
water availability modeling. J. Hydrology of
Engineer, 10(5): 375-385.

Yatess, D. N, and Strzepek, K. M.,

1998.Modeling the Nile basin under climate

change. J. Hydrological Engineering, 3(2):

98-108.

J., Guobin, F., Wenju, C, and Tim C,

2010.Impacts ~ of

Yu,
precipitation  and
temperature changes on annual streamflow
in the Murray-Darling Basin. Water

International, 35(5): 313-323.



158 A. M. Atiaa et al. Marsh Bulletin 8(1)(2013)148-158
bl Gigin cGlansa Ablaa A bl gl aglpugd) Al o LAl cfpail)

lsal) anld Jald 5 bl Ao Cppan Jala pladl) daaa jua) g alad) Lo Gpuaa e
il Spad Suad) deala caplel] LS (o)¥) ale acd
bl iy sy deals (paglel] LS (Y] agle auid
il g8 fdgad] o buall Lalal) Ligl] «duilal) Spall 8)fi5
bl
(Daa¥ls Bball day0) Culalall (o3 ALl Glpadl Dgpe dalee Gudai A5l (o Jall o) g0
O ) i Bl Gsin (F Gluse Aiilae 8 Culal) Glasa daglgyna o ) el il e gl
JUaeY) e 8 aalple A Y ADle a JUaa¥ls slal) cilay e e b el el Ui dlaial
& bl Aspy o€ Al 4 %10 ey el (ae me G oloal e bl a4 %50 e
Gy WS 1.5 °C lada s)hall dap 30l e glpall cVame 330k (o) st Y Ly Al @Y aea
s glall Ve i ol (%30-20) ojlsie L gitin JUael) N¥aea b gleais %20 o Lol gl
il ciw L 1.5 °C ) dayn Jaee A 1) Gloall Jase 4 lats %10 dasds dalie¥) s)hall da)s Jaxa
T 3lsall 3l o) LAkl bl glal) fules auil ge Jids ALl liall Dgpe Jalae ol Lad
s Laliadl @il bl iyl ColS 13 dygmaa JS) G S cdall 468 pagal




