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Abstract Kazakhstan is the largest landlocked country in the world with a typical continental climate, and its natural
environment and human society are sensitive and vulnerable to climate change. In climate change impact studies, one
widely-used approach to obtain future climate change scenario at regional or local scale is to downscale future climate
projection from General Circulation Model (GCM). So far, to our knowledge, no statistical downscaling study has been
carried out in Kazakhstan region. In this study, the authors explored and validated the ability of a statistical downscaling model
that is based on ridge regression to predict monthly mean temperatureat of 11 stations in Kazakhstan from NCEP/ NCAR
monthly mean reanalysis. The 30-year dataset for the period from 1960 to 1989 was used to train the downscaling model
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and the next 20-year data for the period of 1990—2009 was used for validation of the downscaling model. The result
shows that despite certain disagreements with observations at several stations, the ridge regression model generally is able
to reasonably reproduce monthly mean temperature over Kazakhstan region. The authors also find that the performance of the
ridge regression model is better in the summer than in the winter and better in flat terrain areas than in complex terrain areas.

Keywords Kazakhstan, Statistical downscaling, Ridge regression, Monthly mean temperature
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Fig. 1 Locations of selected Global Historical Climatology Network (GHCN) climatological stations
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Fig. 2 Illustration of the domain within which NCEP/NCAR grids are used as the predictor for Aktobe station

Z AP A B O, (R AR B AR 2 [A]
AN TR S Hs v B 22 D) f P DR A7 AR 2 SR AH . 22 T
A B EASEME (Hewitson and Crane, 1996), LA
TE G R AAY I E FA IE OL . BTk, ARSCR
FHU [RT U= AR, i a7 | N 1 U T Ak 3 3o 05 )
U4 [ ] AR 2R 2R 0 1) A 1 ad R R SR 5 /I A T ) 4 A
TP 5 221 )5 A

a):argmin"Xw—y||22+a||a)||22, (D

BEAE, XSy @ 5 TR 1L PHRAR FEANE]
AL o A EEHIENIUHE BRI ZEL, 2K
TR Ko 2 ARV, AN B4 1
AN RO T 0 RV 52 10 33 e /s 3]

AR, oA ] 22 RS ) B AT, B2 IR
SRS F ) o AE AR, B AR bR T 5
o I I B A
223 BRIk

A PEAL B RO (PR, AR SR
TR Z (root-mean-square error, RMSE). “F-1)
Ya%ti% 7 (mean absolute error, MAE) Fl1] gk &% R
AP GE T R A RO IR A A 1) TN A 2 AR
GE ), A2 Goyal and Ojha (2011).
3

+
£

FEREATGET B AT, 20 R R B TR A



5 A TREE A U (B JE 0T I T T3 S AR R G B RUBERTE ST
No. 5 LI Yafei et al. Statistical Downscaling of Monthly Mean Temperature for Kazakhstan Using Ridge Regression 571

K3 (a) Wk THHHkEZ ML (b) TR A5 HIH.Z [ Pearson A15¢ R T77
Fig. 3 Squares of Pearson’s correlation coefficient between (a) potential predictors and predictands and (b) potential predictors themselves
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Fig. 4 Regression coefficients in Jan as a function of ¢ at Aktobe station
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K5 1990~2009 4EK-5il K 11 3l P2 2 4R PR 1AM (1R R bz D
Fig. 5 Seasonal variations of mean temperature during 1990—-2009 at the 11 stations in Kazakhstan and the seasonal variation of temperature averaged over all

the stations (standard deviation is indicated with shading)

K6 BIRIPMZHE (@) RMSE. (b) MAE. (o) RPEHZE (MAMD. HZF (JA). HF (SON). X% (DIF) KI5
Fig.6 Box plots of performance statistics (a) RMSE, (b) MAE, and (c) R?in the spring (MAM), summer (JJA), autumn (SON), and winter (DJF)



R
574

H

Climatic and Environmental Research

Bowto 21 %

Vol. 21

K7 1990~2009 4%k (a) RMSE. (b) MAE. (c) R® %[5 A7
Fig. 7 Distributions of (a) RMSE, (b) MAE, and (c) R? during 1990-2009 at the 11 stations in Kazakhstan
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