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Figure 1- Tang Panj Sezar basin with different stations used in this study
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Table 1- Characteristics of the used sub catchments
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Sub-catchment River S dob el e () gl Area (km’) Period
East longitude  North latitude  Altitude ( m)
o @2 S5 o3 48-45 32-56 600 9410 1977-2008
Tang Panj Sezar Sezar
jao Cadd A B
‘ i 48-53 33-13 970 7174 1965-2008
Sepid Dasht Sezar Sezar
29008 o 49-04 33-28 1450 3400 1965-2007
Tireh Doroud Tireh
opke 292 eple 49-05 33-29 1450 2655 1956-2007
Doroud Marbare ~ Marbare
S et oy 48-59 33-23 1290 345 1965-2007
Cham Chit Sabzeh
5 B3 S 3 48-53 33-13 970 680 1965-2008
Sepid Dasht Zaz Zaz
8 e 48-38 33-08 770 336 1965-2006
Keshvar Sorkhab
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Table 2- Characteristics of meteorological stations used in study
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Stationname ~ Typeof station gWilyis Job oldlia (o, () gl Period
Longitude Latitude Altitude (m)
e SR 48.17 33.26 1147 1961-2007
Khorramabad synoptic
e e ol 49 4 3323 1290 1966-2007
Cham Chit Rain-gauge
e 0y " 4922 3321 1890 1967-2007
Dare Takht
229p " 48.45 33.55 1600 1976-2007
Boroujerd
2945 " 48.38 33.08 770 1966-2007
Keshvar
) " 48.48 33.47 1490 1984-2007
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Table 3 Characteristics of 10 GCMs used in this study
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GFDL-CM2.1 (4) GFCM2.1 NOAA/GFDL(USA) 2.5 %2 As
HADCM3 (5) HADCM3 UKMO(UK) 375 x2.75° A,
HADGEMI (6) HADGEM HCCPR(UK) 1.758 x 1.25° A,
INMCM3 (7) INCM3 INM(Russia) 5 x4’ As
IPSL-CM4 (8) IPCM4 IPSL(France) 2.5 x3.75 A,
NCARCCSM3 (9) NCCCSM NCAR (USA) 14" %14 Ay
NCARPCM-Mean (10) NCPCM NCAR (USA) 2.8"x2.8 A,
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2 -Non — linear loss module
3-Linear unit hydrograph module
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Figure 2- The overall structure of the IHACRES rainfall-runoff model
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Figure 4- Comparison of monthly rainfall in the future by
the past, Tang Panj Sezar
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Table 4- Percentage of the changes of simulated rainfall in the future compared to the past

Yokt * s olbo

Adg> 3 6 wet month 6 dry month

Sub catchment olwd  wgly Ay b Juyl e w81 polgs
Dec Jan Feb Mar Apr  May Oct Nov

e gy S

#x+ 11 +14  -10 -8 +17 +6 -14 +5
Tang Panj Sezar
s ©B3 Sy +11 +15  -24  -10 411 -14  +45 -1
Sepid Dasht Sezar
2922 059 03 +1 -1 27 =2 -5 431 +1
Tireh Doroud
ole 392 <6 3 8 -5 44 43 17 +8
Doroud Marbare
i + 14 -2 -10 -4 +13 -3 +31 +4
Cham Chit
3 b dgges +31 +14 221 -15  +13 +4 +42 +7
Sepid Dasht Zaz
2948 +31 +13 -22 -14 +13 +4 +42 +7
Keshvar

sl 035 draoline ygShe (oo (gl oyl Sl dop> 11 siiaad )b Jlade ja b il pess (ghld yuolivw 9 CangST (Y gn 595 olo ¥ (Sis oo £ > %
# At 6 dry month, 4 month of June, July, August and September have small changes in rainfall quantity and therefore, the changes of
rainfall is not calculated for these months.
Cul GCM . Jao Ve sl gilo apds Ao ¢ Jgda 1y9y0 dlael jl plaS po s
** Each of the numbers in the table, are median of the outputs of 10 GCM.
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Table 5 The number of days with flow less than Qo (30 m%s) in the observation period (1978-2008), Tang Panj Sezar basin
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Figure 4- Comparison of monthly temperature in the future by the past, Tang Panj Sezar
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Figure 5a- Comparison of observed and modeled flow, Tang Panj Sezar
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Fig 5 b- Comparison of observed and modeled flow, Tang Panj Sezar
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Table 6- Characteristics of calibration and validation periods in different sub catchments
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Table 7- Comparison of observed and simulated Qsg, Q7, Qg0 and Qgs with IHACRES model
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Fig 6- The range of changes of simulated Q- in future and comparison of that with observed Q-
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Fig 7- The range of changes of simulated Qg in future and comparison of that with observed Qg
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Fig 8- The range of changes of simulated Qgs in future and comparison of that with observed Qgs
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Table 8- Changes of low flow indices in the future than the past (median of the results)
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*Before: Before: percentage of index changes than in the past, before applying error of flow simulation with IHACRES rainfall-
runoff model
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*After: type of index changes than in the past, after applying error of flow simulation with IHACRES rainfall-runoff model
A: Additive, D: Decreasing
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Introduction: Due to the effects of climate change on water resources and hydrology, Changes in low flow
as an important part of the water cycle, is of interest to researchers, water managers and users in various fields.
Changes in characteristics of low flows affected by climate change may have important effects on various
aspects of socioeconomic , environmental, water resources and governmental planning. There are several indices
to assess the low flows. The used low flow indices in this research for assessing climate change impacts, is
include the extracted indices from flow duration curve (Q70, Q90 and Q95), due to the importance of these
indices in understanding and assessing the status of river flow in dry seasons that was investigated in Tang Panj
Sezar basin in the west of Iran.

Materials and methods: In this paper, the Tang Panj Sezar basin with an area of 9410 km? was divided into
6 smaller sub catchments and the changes of low flow indices were studied in each of the sub catchments. In
order to consider the effects of climate change on low flow, scenarios of temperature and precipitation using 10
atmospheric general circulation models (to investigate the uncertainty of GCMs) for both the baseline (1971-
2000) and future (2011-2040) under A2 emission scenario was prepared. These scenarios, due to large spatial
scale need to downscaling. Therefore, LARS-WG stochastic weather generator model was used. In order to
consider the effects of climate change on low flows in the future, a hydrologic model is required to simulate
daily flow for 2011-2040. The IHACRES rainfall-runoff model was used for this purpose . After simulation of
daily flow using IHACRES, with two time series of daily flow for the observation and future period in each of
the sub catchment, the low flow indices were compared.

Results Discussion: According to results, across the whole year, the monthly temperature in the future
period has increased while rainfall scenarios show different variations for different months, also within a month
for different GCMs. Based on the results of low flow indices, in most cases, the three indices of Q7y, Qgo, and Qos
will show incremental changes in the future compared to the past. Also, the domain simulation by 10 GCMs for
all three indices is maximum in Tang Panj Sezar and less for other sub catchments, which is related to better
performance of IHACRES model in smaller sub catchments. In order to investigate the uncertainty of type
changes in different indices in every sub catchment, changes in any of the indices were considered based on the
median of GCMs. To achieve the correct type of changes in low flow indices, the amount of error in a simulation
of the indices of IHACRES rainfall-runoff model should also be taken into consideration. Therefore, considering
the error, the three indices Q7, Q9o and Qos in all sub catchments (except for Tang Panj Sezar) will have the
relative increase in the future period. The improvement of low flow state in the future period is related to the
changes occurred in the state of climate scenarios. As the results indicated, most often, there is an increase in
rainfall in dry seasons. Also, in different months of the wet season wet season, if the result of changes in quantity
of rainfall is incremental, it can lead to an increase in river flow through groundwater recharge. On the other
hand due to the limestone and karst forms in most of the basin area, water storage ability and increase the
amount of river flow during low water season in this area is expected. The study on rainfall quantity in Tang
Panj Sezar sub catchment also indicated that, there will be no significant increase or decrease in the quantity of
rainfall in the dry season. Thus, it is expected that there will not be significant changes in low flow indices. In
this sub catchment, changes in various low flow indices do not match perfectly, so more difficult to obtain
reliable results. With regard to incremental changes of Qys, low flow index with less uncertainty, as well as
improving indices of low flow in other sub-basins, it is possible to predict a relatively better state for low flow
indices of Tang Panj Sezar in the future period.

Conclusion: Using temperature and rainfall scenarios to simulate river flow in the future, a relative increase
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of all three low flow indices Q79, Qg9 and Qqs was predicted compared with the past period. Although all three of
mentioned indices show the amount of low flow in the dry season, it is recommended that only two indices of
Q90 and Q95 to assess the effects of climate change be considered. Q90 and Q95 indices are more suitable
indices than Q70 for studying the effects of climate change on low flow state. These two indices indicate less
quantity of flow in dry seasons; therefore, the changes of the two indices are more important in identifying the
low flow state. However, there is less uncertainty in the estimation of the two Q90 and Q95 indices than Q70.
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