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ABSTRACT

Global warming, and consequently climate change are important topics studied extensively by
researchers throughout the world in the recent decades where changes in climatic parameters are
investigated. Considering large-scaled output of AOGCMs and low precision in computational cells,
uncertainty analysis is one of the principles in hydrological studies. For this reason, the uncertainty due
to precision of computational cells and in passing from global scale to regional scale through LARS-
WG model and CRU institute, precipitation changes in Mashhad synoptic station located in
Ghareghom basin were analyzed. The results showed enough ability of the model to simulate
precipitation parameter in the base period. Downscaled output of HadCM3 generated by CRU with
high precision shows gradual decreasing of precipitation trend for frequency and sum values.
Comparing the downscaled output of the AOGCM with 2.5*3.75 resolution and the output of CRU
with 0.5%0.5 resolution, the uncertainty is due to precision of computational cells from global to
regional scale: the latter scale is closer to real values.

doi: 10.5829/idosi.ije.2015.28.08b.05

1. INTRODUCTION

Increasing greenhouse gases is one of the effects of
human intervention in nature. By increasing these gases,
the amount of solar reflection from ground absorbed by
greenhouse gases increases and creates the phenomenon
of global warming and as a consequence climate
change. The effects of this phenomenon on various
factors such as water resources availability, rainfall
patterns, ecosystem functions as well as other factors is
crucial for human well-being. The first step to deal with
the adverse impacts of this phenomenon is determining
the baseline conditions through regional studies [1, 2].
In such studies, there is a need to predict climate
parameters for future periods using global circulation
models such as AOGCM *. These simulations are
generally based on climatic and non-climatic scenarios
for the entire world. The basic problem of these models

*Corresponding Author’s Email: alizadeh@um.ac.ir (A. Alizadeh)

1 - Atmosphere-Ocean General Circulation Model

is the large-scale computational cells that cause
decrease in the accuracy of predicted results at regional
and local scales. Therefore, performing downscaling
technique is necessary [3].

Various methods fordownscalingare presented.
Important and principle stage in using these methods is
investigating uncertainty on their final output. For this
purpose, different sources affecting the uncertainty
could be calculated. These sources are from AOGCMs
and the theory used in simulation of climatic and non-
climatic scenarios and also due to the downscaling
method. Many researches throughout the world used the
output of different AOGCMs and emission scenarios
and also different methods to analyze the uncertainty [4,
5].

Nowadays, downscaling models have an important
role in climate change studies and data with high spatial
resolution is wused in regional and large-scale
assessments throughout the world.
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Figure 1. Location of the study region

Schuls and Abbaspour (2007) investigated the data
generated in the CRU® database with two methods and
then, SWAT model was run with the data. In their
study, the simulation of monthly and yearly river
discharges for a 25-year period is performed in some
stations using daily measured data [6].

In England, Hulme and Brown [7] extracted the
observed annual rainfall and temperature for the 1896
1996 period from CRU to study climate change effects.
They investigated the anomalous situation of
temperature and rainfall simultaneously. The results
indicated an increasing trend in temperature and a
decreasing trend in rainfall for historical data. The
climatic changes in the region were calculated by the
HadCM2 general circulation model analyzing 1,000
years of data. Their results showed that only in the last
years — 1987 to 1996 — temperature and rainfall in the
studied region were out of critical limits of climatic
variability which significantly indicated climate change.
To assign various limits of uncertainty in the simulation
of temperature and rainfall as climatic parameters in
future periods, the 1S92 scenario was considered under
all AOGCM models by MAGICC software, and use of
pattern scaling simulated the parameters for the 2040—
2069 period. It is observed that temperature and rainfall
changes in future will be attributable to climate change
caused by increasing greenhouse gases and are not
categorized as typical climatic changes [7].

Khan et al. [8] used Bootstrap method to estimate
uncertainty band in 95% confidence level for three
downscaling models including SDSM, LARS-WG and
ANN. They concluded more precision of SDSM and
LARS-WG models and low ability of ANN model in
downscaling process [8].

Farzaneh et al. [9] investigated uncertainty due to
downscaled data of A2 emission scenario, HadCM3
model and SDSM downscaling model. They also
studied changes of temperature and precipitation
parameters (2040-2069 period) in Shahrekord synoptic
station. The results indicated a 49% decrease in total

3 - Climatic Research Unit

precipitation comparing with (1961-1990) period under
A2 scenario as the most critical situation [9].

Fakhri et al. [10] used downscaled data by CRU to
investigate the uncertainty effective on estimating wet
and dry spells under climate change. They concluded an
increasing uncertainty band with the passing of time
whereas approaching the middle-future period (2040-
2069), the effects become more pronounced [10].

Faramarzi et al. using different emission scenarios of
CGCM3 model, studied climatic parameters in the
future period and using SWAT model estimated blue
and green water resources and climate change effect and
also analyzed virtual water business throughout Iran
[11, 12]. Climate variability and change is threatening
water resources around the world [13].

Following previous studies, in this paper HadCM3,
A2 scenario and LARS-WG downscaling model were
used.Initially,the model precision in precipitation
estimation was assessed. Then, this parameter was
estimated for three future periods. The data of CRU
bank is also used as artificial scenario introduced to the
model. The uncertainty of downscaled data by LARS-
WG with regional data downscaled by CRU was
investigated and also estimated conditions of three
defined sets of precipitation for the future periods were
studied.

2. MATERIALS AND METHODS

2. 1. Study Area Mashhad synoptic station at
59° 38' E, and 36° 16" N is chosen for this study (Figure
1). The elevation is 999.2 m with semi-arid climate.
Location of the region in Ghareghom basin in Iran is
shown in Figure 1.

In order to gain suitable results in climate change
studies, downscaling process in scale of a
meteorological station was performed and then output
parameters of AOGCMs were analyzed. Among
different stations of Ghareghom basin, Mashhad station
was chosen as base station because of having the
longest duration of precipitation data.

2. 2. LARS-WG Model LARS-WG model is one
of the most popular meteorological data generator
models which generates daily values of maximum and
minimum temperature, precipitation and sunshine
duration in one station under situation of current and
future climate. Initial version of this model has
beenpresented as a part of assessment project of
agriculture risks in Budapest in 1990. The main core of
the model uses Markov chain repeatedly. LARS-WG
contains three basic sections including calibration,
assessment, and generating meteorological data for the
future decades. The main requirement of the model in
calibration stage is the file recognizing climate behavior
in historical period [14-16]. This file is prepared using
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daily climatic data in the studied synoptic station,
achieved from Iranian Meteorological Organization, and
the model was run regarding a 30-year duration (1976-
2005) as base period.

2. 3. Emission Scenario Uncertainty in future
population, land use, CO, concentration in atmosphere,
and other parameters that affect the earth’s climate
makes the parameter prediction for future periods
difficult. The emission scenarios regarding different
elements of human-affected environment allow future
climate research for the most optimistic situation to the
most pessimistic one [17, 18]. A2 scenario shows rapid
growth of the world population along with
inhomogeneous economic development in different
regions and therefore draws a medium climate change
for future periods [19]. LARS-WG model using this
scenario confirmed by IPCC was run and daily values of
precipitation parameter for the three periods were
simulated.

2. 4. Assessment of Precipitation Scenario
Daily long duration precipitation of Mashhad synoptic
station was derived and using A2 emission scenario in
HadCM3 and LARS-WG downscaling model, for 1976-
2005 period as base period and three future periods
(2011-2030, 2046-2065 and 2080-2099)as near, middle
and far future periods, respectively, the downscaling
process was performed. This process was repeated for
the scenario generating precipitation using downscaled
output of HadCM3 by CRU with high spatial resolution.
Then, the downscaled data uncertainty due to resolution
of computational cells from global scale to regional
scale was analyzed. CRU data bank is regional and its
resolution is confirmed in various studies; but, it seems
that re-downscaling and comparing the results with the
large-scale data could better assess the role of
computational cells resolution.

To do so, first of all, LARS-WG model was run for
HadCM3 and the results were studied. Afterwards, the
data presented by CRU for HadCM3 and A2 emission
scenario for the same periods was derived and used as
input scenario in LARS-WG. Finally, comparing results
of the two references, the uncertainty due to
computational cells resolution is investigated. For this,
the generated data was categorized into three sets
including: more than zero (wet days), more than 10 mm
(medium extreme values), and more than 50 mm (severe
extreme values).

3. RESULTS AND DISCUSSION

In the first stage, comparing the sets of precipitation in
the base period (1976-2005) with the modeled values by

LARS-WG, the model precision in extreme values
estimation was studied.

As shown in Table 1, comparing the base period
LARS-WG was able to generate precipitation data with
good accuracy as in the three indices the values of
frequency and total are tveryquitclose to the observed
values. The result for severe extreme values was not
ideal and the model cannot estimate the only one event
happened in the historical period. It means that in
simulating this kind of extreme value, the model has
lower resolution than the other two values. Since just
one event happened, it is not possible to conclude
certainly and the regions having these events more
frequently,should be studied. Therefore, the model was
able to generate precipitation data appropriately and
gaining confidence from the accuracy of assessment
results and the model capability in simulating
precipitation; inthe next stage, simulation of
precipitation in three future periods including (2011-
2030), (2046-2065), and (2080-2099) under HadCM3
and A2 scenario was considered.

In the next step, HadCM3 under A2 emission
scenario was run by LARS-WG model and precipitation
parameter in the three future periods was generated.

Running LARS-WG model, results of Table 2 for
the three periods were achieved. Comparing with the
observed period, the values in the near future were close
with no significant changes, but totally gradual
increasing is estimated. In the middle future, total value
increased and except wet days index, the other two
indices were increased which shows one of the potential
effects of climate change is on extreme events in the
studied region. In the far future period both frequency
and total values showed a completely decreasing trend.

In the third stage, output of HadCM3 downscaled by
CRU spatial accuracy more than the previous stage
(0.5*0.5) was considered as input artificial scenario.

Table 3 indicates that precipitation values in
frequency and total for each three periods have
decreasing trend and closing to the far future the trend is
getting more severe, and also in two periods of middle
and far future any precipitation more than 50 mm do not
exist.

TABLE 1. Precipitation values in the base period compared
with model outputs

Precipitation (mm) Frequency Total
>0 1908 8055.1 Modeled
>10 220 3993.9
>50 0
>0 1978 81242  Observed
>10 235 3977
>50 1 52
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TABLE 2. Precipitation values in the three future periods
under HadCM3 and A2 scenario

Precipitation (mm) Frequency Total

>0 1885 8352 Near Future
>10 252 4491.1

>50 1 61.5

>0 1880 8361.1 Middle Future
>10 256 4605

>50 4 227

>0 1886 7227.6 Far Future
>10 212 3628

>50 0 -

TABLE 3. Precipitation values in the three future periods
under HadCM3 and A2 scenario using downscaled data by
CRU

Precipitation (mm) Frequency Total Frequency

>0 1913 7664 Near Future
>10 204 3610.9

>50 1 53.3

>0 1923 7262.7 Middle Future
>10 200 3702.2

>50 0 -

>0 2010 7073.4 Far Future
>10 192 3133.8

>50 0 -

Uncertainty due to estimation of different precision
of computational cells from global to regional scale is
insignificant in the near future, but passing time and
closing to the middle and far future periods the
difference is getting more and more. The computational
precision of HadCM3 and CRU bank are 2.5*3.75 and
0.5*0.5 degree, respectively. Although the data from
CRU s regional, downscaling process is done and
makes it more regional and detailed.

4. CONCLUSION

Regarding large-scaled data of AOGCMs and low
accuracy of the computational cells, uncertainty
assessment is one of the principle issues in all
hydrologic studies which confirms quality of generated
data.

In the present study, it was attempted to investigate
and assess the changes of some precipitation

characteristics including wet days, medium extreme
values, and severe extreme values in three future
periods and climate change impact on them, considering
important subject of computational cells uncertainty in
downscaling studies. This research is done in Mashhad
synoptic station utilizing HadCM3 model, A2 emission
scenario and LARS-WG downscaling model and also
using created scenario by CRU in LARS-WG. The
uncertainty due to computational cells precision from
global to regional scale which regional scale is closer to
reality and CRU uses more local information in data
generation process.

Though LARS-WG model could not estimate the
only one severe extreme event in the historical period,
total results indicate high ability of LARS-WG in
simulating precipitation parameter in the period.
However, estimating severe extreme events by this
method can be a subject for future researches, so that
the model is evaluated in more detail.

Assessing the conclusions and paying more attention
to the computational cells with high precision (0.5*0.5),
decreasing frequency and total precipitation more than
zero (wet days), more than 10 mm (medium extreme
values) and more than 50 mm (severe extreme values)
in the studied future periods is estimated.

5. REFERENCES

1.  Eslamian, S., Khordadi, M.J. and Abedi-Koupali, J., "Effects of
variations in climatic parameters on evapotranspiration in the
arid and semi-arid regions", Global and Planetary Change,
Vol. 78, No. 3, (2011), 188-194.

2. Amirataee, B., Montaseri, M. and Rezaei, H., "Assessment of
goodness of fit methods in determining the best regional
probability distribution of rainfall data", International Journal
of Engineering-Transactions A: Basics, Vol. 27, No. 10,
(2014), 1537-1546.

3. Khordadi, M.J., Alizadeh, A., Nassiri Mahallati, M. and
Hooshmand, D.,"An evaluation of the impact of climate change
on climatic parameters and dry and wet spells in the next 100
years using combining idw and change factor methods (a case
study: In tehran-karaj subbasin)", Journal of Geographyand
Regional Development (Peer-reviewed), Vol. 11, No. 21,
(2014), 36343-36343.

4.  Seyedeh, Z.S., Mahdavi, M., Sharifi, F. and Bihamta, M.,
"Methodology for selecting the best predictor for climate change
impact assessment in karkheh basin, iran", Journal of
Environmental Science & Engineering, Vol. 51, No. 4, (2009),
249-256.

5. Wilby, R.L. and Harris, 1., "A framework for assessing
uncertainties in climate change impacts: Low-flow scenarios for
the river thames, UK", Water Resources Research, Vol. 42 ,
No. 2, (2006).

6.  Schuol, J. and Abbaspour, K., "Using monthly weather statistics
to generate daily data in a swat model application to west
africa”, Ecological Modelling, Vol. 201, No. 3, (2007), 301-
311

7. Hulme, M. and Brown, O., "Portraying climate scenario
uncertainties in relation to tolerable regional climate change”,
Climate Research, Vol. 10, No. 1, (1998), 1-14.



10.

11.

12.

13.

M. J. Khordadi et al. / IJE TRANSACTIONS B: Applications Vol. 28, No. 8, (August 2015) 1140-1144

Khan, M.S., Coulibaly, P. and Dibike, Y., "Uncertainty analysis
of statistical downscaling methods", Journal of Hydrology,
Vol. 319, No. 1, (2006), 357-382.

Farzaneh, M.R., Eslamian, S., Samadi, S.Z. and Akbarpour, A.,
"An appropriate general circulation model (gcm) to investigate
climate change impact”, International Journal of Hydrology
Science and Technology, Vol. 2, No. 1, (2011), 43-51.

Fakhri, M., Farzaneh, M.R., Eslamian, S. and Khordadi, M.J.,
"Confidence interval assessment to estimate dry and wet spells
under climate change in shahrekord station, iran", Journal of
Hydrologic Engineering, (2012).

Faramarzi, M., Abbaspour, K.C., Schulin, R. and Yang, H.,
"Modelling blue and green water resources availability in iran",
Hydrological Processes, Vol. 23, No. 3, (2009), 486-501.

Faramarzi, M., Yang, H., Schulin, R. and Abbaspour, K.C.,
"Modelingwheat yield and crop water productivity in iran:
Implications of agricultural water management for wheat
production”, Agricultural Water Management, Vol. 97, No.
11, (2010), 1861-1875.

Ghahraman, B., "Effect of short-and long-term memory on trend
significancy of mean annual flow by mann-kendall test",
International Journal of Engineering, Vol. 26, (2013).

14.

15.

16.

17.

18.

19.

1144

Semenov, M.A. and Barrow, E.M., "Use of a stochastic weather
generator in the development of climate change scenarios",
Climatic Change ,Vol. 35, No. 4, (1997), 397-414.

Semenov, M.A. and Barrow, E.M., "Lars-wg a stochastic
weather generator for use in climate impact studies”, User’s
Manual ,Version 3.0, (2002).

Babaeian, 1. and Najafi Nik, Z., "Assessment of lars-wgmodel to
simulate meteorological parameters in khorasan province, 1961-
2003 statistical period"”, Journal of Nivar, Vol. 62, (2006), 49-
65.

17Dariane, A.B., "Reservoir operation during droughts”,
International Journal of Engineering Transaction B
Applications, Vol. 16, No. 3, (2003), 209-216.

Ghahraman, B., "Giuh- gciuh comparison for two watersheds in
iran”, International Journal of Engineering, Vol. 9, No. 4,
(1996), 221-230.

Hooshmand, D. and Khordadi, M.J.,Uncertainty assessment
of aogecms and emission scenarios in climatic parameters
estimation (case study in mashhad synoptic station)",
Geography and Environmental Hazards, Vol. 3, No. 3, (2014),
77-92.

Climate Change Impact on Precipitation Extreme Events in Uncertainty Situation;

Passing from Global Scale to Regional Scale

M. J. Khordadji, A. Alizadeh, M. Nassiri Mahallati, H. Ansari, H. Sanaeinejad

Ferdowsi University of Mashhad, Mashhad, Iran

PAPER INFO

Paper history:

Received 08 February 2015

Received in revised form 20 June 20145
Accepted 30 July 2015

Keywords:
Climate Change

CRU

Downscaling
LARS-WG
Uncertainty

50 155 el 0 e L5 ) glaans 53 S Sl age padse Bl e OF 15w s Sl BLS
iS5 a5 Lo, S e sl3 e 5550 el sla el Sl i Sl cpl s ool 4 S 13 aalllas
5 dral 3l 5l (S Carba e o a0l Slsloms Jher 0350 235 0S5 AOGCM & by o glaosls L3
Sl e oy b s 2 addllas ol 53 skie s 3L e (S5 sode Olllas LS el g b
S5 LARSWG Juo bus glathin & ler ol 5l S10S s s Jlabms Jole o35 51 36
o OLES Jool ol s adllas o35 05 s )3 Wl gt Sty Kol 53 S,L zalil ol L 5CRU

Jae ol s, orat 3l eslizal 3 S A5 al ey 53 SHL bl iluand s Jae Wl & LUls

5ol slie gy SHob s, sl Sials oy el W5 YU SIG @35 L CRU S 6 L 5 45 HadCM3

5 2.5x3.75 3 b 580 e sdd el s aslie bools OLE 1y el o ynd el an § e

Sl obie 51 Sl Jhe @33 51 20 5 by e st slo) Coad pts 0.5%0.5 235 LCRU S, oy =

Sy el S5 Candly 4 a8 55 8 o bl sladkes 4

doi: 10.5829/idosi.ije.2015.28.08b.05




