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4- General Circulation Models
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5-Correlation Analysis
6-Hanjiang

7-Support Vector Machine
8-Statistical Downscaling Model
9-Parcial Correlation Analysis
10-Stepwise Regression Analysis
11-Haihe
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1- Regional climate model

2-Weather Generator

3-Transfer Function/ Data Driver/ Black Box
4-Weather Pattern
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1-Genetic Algorithm

2-Nash Sutcliff Efficiency
3-Mallow Coefficient

4-Principal Component Analysis
5-Independent Component Analysis-
6-Willamette

7-Partial Correlation Analysis
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Table 2- Selected predictor variables in SRA

KVESWR ey
Birjand
i oy
Variable Coefficient
X6 -0.0005
X7 0.0778
X8 0.301
X9 -0.3801
X10 0.2754
X12 -0.0012
X13 -0.0532
X17 0.1088
X18 -0.0004
X20 -0.2421
X22 0.8435
X23 0.1195
X25 0.0469
(WS Sl ooy Jde 0.4

RMSE (mm) 1.4309

Jud ! o Kt
Ardebil
e oy
Variable Coefficient
X1 -0.7175
X3 -0.059
X5 -0.1529
X15 -0.1178
X17 0.0736
X21 0.5173
X22 0.0595
X26 -0.6069
lae j Lope e 0.76
RMSE (mm) 2.3484
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Figure 1- Scree plot of Eigenvalues vs. components along with percentage variances vs. components for Birjand (a)
& Ardebil (b)
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Table 3- Predictors with significant correlation

Jud 1 o Kt Ny 8!
Ardebil station Birjand station
Variable Correlation Coefficient Variable Correlation Coefficient
X20 -0.076 X10 0.0324
X25 -0.074 X19 -0.277
X26 -0.091 X22 0.546
Mo (S5 (Sumod 51,15 Sl puiio —€ Jogaa
Table 4- Predictors with significant partial correlation
Jud 1 o Kt X g !
Ardebil station Birjand station
Variable Partial Correlation Variable Partial Correlation
Coefficient Coefficient
X1 -0.041 X9 -0.088
X5 -0.042 X10 0.088
X26 -0.062 X22 0.373
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Figure 2- Efficiency criteria in Birjand (a) & Ardebil (b) stations
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Table 5- Measured and downscaled descriptive statistics

a)LJ R ob ; Downscaled
- servation
Statistic Station SRA CA ParCA
) J2) 0.59 0415 0.445 0.41
(o) s5ke  Ardebil
Mean e 0.254 0.624  0.068 0.599
Birjand
Jﬁ%" . 0.43 0.473 0.48
(o o) wileo Ardebil
Median i 0.000 0.155  0.003 0.121
Birjand
' J2 ) 1766 0148 0.094 0.163
(jocse) slze 5l Blmsl  Ardebil
Std. Div. o 1.396 1.078  0.306 1.220
Birjand
J2) 3998 0342 -1.709 -1.220
(ecks) Sz Ardebil
Skewness kG 7.807 2.547  11.898 3.289
Birjand
) g 017 0197 3201 0.193
(oshe) (SawsS Ardebil
Kurtosis e 69.575 6.523  172.873 11.434
Birjand
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Table 6- comparison of dry and wet events in Birjand

O laelie
sawi (while 3 Observation Egoxe CSI
Downscaled »j9y  SWaS 59,  Summation
Wet day  Dry day
7 5(’; 60 169 229
parcA et day 0.24
99 18 1214 1232
Dry day
D“S“"“ d”’ 13 5 18
ca YW 0.15
%) 65 1378 1443
Dry day
D‘“"“"* ‘d"” 64 214 278
SRA YW 0.22
%) 14 1169 1183
Dry day
oo 78 1383 -
Summation
Sl A ol 3 5 (slajgy s > ilisee cla i) Setpgia o] haliio jlal )3 01 b 5 jg, Yo ]



AYY Cglicio wldl 9 &l oyl (2 lod (wlsiio 3oy )0 ke il (sl gy o Slos (b 35

Az ol o (5L ol el it Ol sla iy,
bl Jad)l 4y G (6 it Cangllas

5 5 4

o1 plol (Sealind 5 (glel oo Gulidiofs; > (3L wllllas
il o GCMS sl Jdo (g5 cdd sl L:zs"j Gan &S Conl
o9 aaldl laddlhe Ol s a4y basye sla ez iyl cpl 5L
ke Ly 29000 eld) o o0y b

L 5 sl 0 ploxil (LSl 598" (S oyl (il
) b Sl dalllas gls
ol 93 53 alis) J5)le Clyesd oy jle 4 g L
4 4 3903 Ol Olgiee (Lo TV 5 WA i) o)l g L2 g
Sy g S dess 3ble o wligy (i)l polie il aSul s
sl a8 59y o bl Bl o Sid gblie | il jle
oo 4 bl o St 3bolio §) i 3blia ) cslaosls Sealiyd
slbes Lioli8l Coge ooy Siolod (gllas liae 25Vl padins
Als (lod poliogyy adllae pl 2 b (g5lo Jse) Slostuns
3y Slas dalllas oyl )3 aidy IS 4 (slaygoil 13 gy el j1YY) 0

o =3 50 S0
@

Average of daly ratnfall- mm

1.5
”
)
1§
N
A8
j g
g
a,
tb
1§‘ 0.5
0.0 /
|

CA Observation PARCA SRA

7o e =3 g i .

Average of dally ranfall- mm

(b)
L5

Tlx g 10

g

A4

1 g

=
- N¢
)

0.0

CA Observation PARCA SRA

(b) Jud ! 0lns! g (a) it gy 0Lns] ) BG (wlidlo 3y 5 9 (Tl (53, U Violin ,l5ge5 -V S
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Table 7- comparison of dry and wet events in Ardebil

Slebio
B (wldo 34 Observation E905w0 oSl
Downscaled 2395 Suis 39, Summation
Wet day Dry day
> 53) 9 191 209
ParCA W:f o 0.06
% 37 1244 1261
Dry day
wd"” 18 182 200
CA D;{ o 0.07
9 57 1204 1261
Dry day
5 '%“d"” 1 189 Yo
SRA ;Y. o 0.05
% 19 1242 1261
Dry day
Epomxe 200 1261 -
Summation
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Introduction & Background: Assessment of climate change impacts on hydrology is relied on the
information of climate changes in adequate scale. Due to outputs of GCMs (General Circulation Models) that are
the most confident tools for simulating climate change impacts but are available in coarse resolution.
Downscaling process which is classified to several methods such as transfer function, weather generator and
weather typing is performed for improving of GCMs projection and using them in local scale. Meanwhile feature
selection is the main essential step in downscaling with transfer function. Because the main goal of downscaling
is the improvement of GCMs projections, several researches examined vary approaches for feature selection.
This study aims to assess performance of downscaling daily precipitation under four different selection methods
such as PCA, CA, SRA and ParCA using comprehensive comparison tests.

Materials and Methods: Measured daily rainfall for Ardebil (with cold semi-arid climate) and Birjand (arid
climates) were collected for the period from 1977 to 2004. The CanESM2 (Canadian Earth System Model)
outputs were used as GCM for simulating of climate change impacts on precipitation pattern. So of CanESM2
outputs (large scale predictors) and measured daily precipitation (local scale predictants) were considered as
input and target for downscaling respectively. The Artificial Neural Network (ANN) which widely has been used
in climate change researches was selected as downscaling method. Despite of the most of literature have used
only efficiency criteria for distinguishing from different approaches in downscaling, this study reveals
performance of feature selection methods based on either them or statistical tests. The comparison tests between
measured and downscaled rainfall such as assessment criteria, statistics characteristics comparison, contingency
table event for wet and dry series diagnostics and Violin plot were used as tools for skill assessment of feature
selection approaches.

Results and Discussion: Results showed that although different methods of predictor selection had includes
various subsets, predictors such as relative humidity at surface and zonal velocity component at 500-hPa
pressure levels in Birjand and mean temperature at 2m, mean sea level pressure and rotation of the air in Ardebil
are the most descriptive features which have more relationship with measured daily precipitation. The efficiency
criteria of comparing measured and downscaled precipitation indicated that CA method is superior to other in
Birjand station and SRA’s results were better than those of other in Ardebil station. Value of RMSE, R and NSE
was achieved 1.2 mm/day, 0.55 and 0.25 in Birjand and 1.75 mm/day, 0.14 and 0.013 in Ardebil respectively.
The examination of measured and downscaled statistical characteristics reveals that CA has the better influence
on downscaling than those of others in Birjand station. In this comparative test most of downscaled statistical
components such as mean, median and skewness under CA have more similarity to measured values. But in
Ardebil, with cold and arid climate, performance of SRA to downscale was the same as performance of CA to it.
Also both SRA and CA were better than ParCA. The skill assessment of different methods to fit measured and
downscaled variability by violin plot showed that generally ParCA outperformed other method in Birjand
station. The comparison of violin plots, in Ardebil, revealed that no one of predictor selection methods has
acceptable accuracy for fitting measured variability. Outcomes of contingency table event showed although all
feature selection methods have not remarkable capability for distinguishing from the measured wet and dry
series in Ardebil station, performance of ParCA and SRA were acceptable in Birjand station. The values of CSI
for ParCA and SRA were calculated 0.25 and 0.22 in Birjand and it shows that more of 20 percent of ParCA and
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SRA’s diagnostics was correct.

Conclusions: By assessing of results, it can be inferred that generally downscaling of daily rainfall in Birjand
station is outperforming Ardebil. In other expression daily downscaling of precipitation in arid climate has better
results than cold and arid climate. Also different tests have various results about feature selection methods. In
Ardebil, SRA in efficiency criteria test and both SRA and CA in statistics characteristics have better
performance than others. But in this region no methods have remarkable performance in violin and dry and wet
tests.
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