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A Downscaling Study on the Daily Temperature Extremums in Shenzhen
WU Yang LI Qinglan
( Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China )

Abstract The weather has a profound influence on human’s daily life and the weather forecasting has always been a topic
of great concern. With the economic development and social progress, people’s requirements for daily weather forecasting
has become higher and higher. Information provided by the general circulation models (GCMs) can describe well some
of the weather parameters at a large scale, but GCMs fail to provide detailed weather information at a regional or local
scale for impact assessment studies. Outputs from GCMs are usually of low spatial resolutions. A common approach to
bridge the scale mismatch is downscaling. In the present study, two methods, i.e., the statistical multiple linear regression
and the BP neural network, were proposed to downscale large scale reanalysis data to daily temperature extremums at a
local point, Shenzhen national meteorological station. The data used in this study are NCEP/NCAR (National Centers for
Environmental Prediction/National Centre for Atmospheric Research) reanalysis dataset for the 2000~2012 period and
daily observations of maximum temperature and minimum temperature at Shenzhen station for the same period. The two
methods were compared in this study. Results show that both methods can simulate well the daily temperature extremums

at Shenzhen station, but the performance of the statistical downscaling method is more stable than the BP neural network.

Keywords statistical downscaling; daily temperature extreme; multiple linear regression; BP neural network; Shenzhen

ks BER: 2013-12-30

E&WE: WINRETEE %450 H JCYI20120617115926138) .

EZEN: Kb, WEPEsE, WR7 T LN s 2R s CRIRIERD) T, BIREEEL, WFFCS RAU AR G RATTIHRAN & AL
SMPEAL, E-mail: qlli@siatac.cn.



54 4 %

H PN 2014 4F

jillls

1 3|

BH 2T R A L, R
(R AN AAT TR 2B AL T S MO O . B
BAEAM A AL BRI A R 55
AT 222 4 2 3 AN U P PR 9 A AR BOR B
o Pk, AR IR EADCESR TR IR TR
g PR AL GEH I R IR S5, 17 HLIE 75 23k
W 73 e SRR o BT H A
SCIURTAAL TR . RIS 70 R AR B 2
BRTB, R BLIR TR e o i 7 R
(ETRAR S B0 77 B RUBE D3 IR+ EAT KU
SE T E AN N R RIS S T D R P R €]
Yol i BB RO TR B S SR Wi, 2
ARG AR A R 5 17y, (RIS A
ROK, BRAUURITIE v B S BRI gevt B O TvA
S I eV 2 T B SR RN RUEE 2 8] A R
JER, HEEBUN, S3FPl, I BASZ X
B B, gevt R R ik i AR A%
b AR, S SEPURT AL TR AT EL A
HFB

Kidson %51z [l T 25 A1V () Ze it B JLRE T
VR PG 2 LXK H e e AT H S R 2 AT
TS AT, TR [ R A TR TR
T RAMS XIS 8) J7 B R Tk, (H Wk
AN g B JUBE T VR A A5 22 AR K Murphy ™
A TR 0 5 32008k B AE XA T T X LERIE S, 45
T IEAMIR S8 XU T 30 R AR
FERFARK, AHRAE H AT A IR DL T A U
Gl e FUEE AT AR 80k . Sailor™ X 3
[ GO ot i (KR EAT T 2 e PR IRl ) 2t
VR UEEWFFT: Murphy B A8 T R )16 7 0%
W7 3t )t R R AT T AU, L
BIEAG T2 MR Hellstrm 257 0fHi - i1 b
IRTEOUHEAT TWEIT,  FLah R L sUR i TR
K TIRZ , (BRAEAFZATIN [AAAAE R 1R

Fes SN ZE P T R g v v A
HuIX 49 AN TE MG 1 BEREEAT 720 #r, JEXS
A GM G (1) ]~ B AT T T, 55k
B LIS LU i s e SRR 5 5 B A A EE 28— 530
HaFh,  AH AT IRAFAE B0 3 I 1) B AN 73 = 5 0
MBS . Huth 2 %R0 8 AN %M
I3k AR 2 2= 38 U AT e vt B RUEEWE 9, ]
T 20N BRI N Z A AT VR, IR
T AT IRAE — B O T DU e 1)
FULRUR, A AN A ROR IR 22,
Paulinm]ﬁﬁﬁ T SDSM (Statistical Downscaling
Model) N 5= KA B 748 1H B i ~Ct A T RUBE 23
DIRCRES R S iEe /e 8

KRAEE ALY, Btk 2otk
HT5 A IE KB IAE RS EAFAEAN L . T )
MR AR L MR AR, AR 2tk i B R TT %,
DR 28 R 24 7 %, A T 380 A AR B RLE )
Hrefe

% [H Neural Ware 2 m) &% 5. IF R A #h 4
4 BEAT /LG R T, 1987 4F, %A ]
WLt T — B X R T N AR 0 4% (Y I
FTIN 2R 56, 12 28 G0 HA A N S T s A U ) %
Bt I8 H IS R TR, 45 R R 50 v
HRME T T 24 TR B3 KK Baik 2R 4
LR 28 TN it AU R REAT T IR, IR 2
TCENE RNV 45 RAEAT T AL, SRR W fh &
2R E T 2 el 5%k S E Y David
“EOR ) BP A W RGN JE T b IX (1)
BEKBEAT TWFSE, SRR JE ML 7 ANTR] X
AITRRAR Y, 285 0 BT i TR 4 2R S B 70 AT i
AORFF— 2

KA NIEHF AT WAR K, TSR
e AU B R E RS AT R E &2 . Ul
TOR PRI AER P AV R A B B D B, S 4L
RNV B IR A+ R
o [AIF, ARAE N BREARRI AR R, BRI



2 ® M, %

IRYIA X AR ARl 1 e RUBEWIE T 55

HRAER 1 G R B HAL AR EERZFRAIE )
TARAERG I, e ) I MR AR i AR
WAEFVIREER . SR, 52 m i TR R RS 41
R+ WAE,  H b R SR T H fe
1 3 LMl DX R TR, AN BRI AR BNV
AN RO S AR A AL TR 75 5K

BT UL R B, ARSC S R S [ E KR
e TR L (NCEP) /B K P L (NCAR) $244
1] FNL 4=EK 543 #71 %8 £} (Final Operational Global
Analysis) DL RTG53 B A IR ULI
5, N H 2 Jude P In A LUK ph 28 99 28 7 1 k) iR
I X A 5 e 1 A S AR ARL 1) 496 o o R E A
. 5 A EEBOX W B 7 AR B R BE G R R
B, IFPE RN X O™ R, AR
B o PRI R AR TR, AT 503 SE RS IR
HH R TR A L

2 HERITGE

21 &% #

AR SRl G v I R AR AR AT 1 R R R
IRFERERE A 2000~2012 4F 36 [F [ 52 F 85 TR
s (NCEP) /B 5K 0 (NCAR) $241E 1) FNL
ERF M9k, NCEP () ENL #dE 7 ih # 28
F1 NCEP A H 114> Bk 74t & 4t (Global Forecast
System, GFS) £t =t — 8y, KM T &M
IREh AL GRIBI JRA S ik 30> . NCEP FNL
P Ry 10 xX1°, WEmEh 6
h(BPEER 4 W%, EBRIFZ) 00, 06 124 18 1),
Byimrh a7 HU R DL 26 MR HESE R )Z (1000
mb~10 mb) . HIEIA L G4 sigma ) FIXT
VTR S B 45 B. NCEP BoHrd kit %
SRIRE T RAT RE AR IR I 7 k), 5 HAh PR AR
PLae, & H AT e A TR AT SEEaf 0 A 3RO AK
U AR R

AR SCAE RN RO A R RN KA AR S

w1 ARk (X255 0 59493) 2000 4-~2012
1 S B AW B o AT AR A TG 2
22° 32" . ZRZ114° 00 . K 63 K, T 7k
Wi AT 50 ZAEVERIEUR,  WUIIR B8Rk AZ ™
PAT E ARG, SRR RIS n 4 [
GRS, PORRE T E A SR E
22 K &

£S5 W AN e 5 11 A N AN+ P
(5 bR TR S I R o e e T 2% J S g
L SERRMLIN R SR R KRR AN 12
FROC R, ARG 04 BROC A IR A UL 1 oK
JORE TR R 3 P75 AR 9 X A oG R BN
FEVP R AR E R, )< A5
AT

Gt b ROBE I QAT TR Ge vt 2% 7 i i ar
KB R AR TR R 7 X 38R G R TR
HZAMBE R Y=FX), Hb X AR
FERSIMRIRA 7, ¥ FORX SR E R Tk
At e FUERIR T N2 A DX S B 0 I Rk o
PREUH SR IR IR DI Y . T #8045 X SR 1)
M FRERBEARRAE, DA /N ROBEIX 38052 30 R RURE M
(R AR R R AIE A5 52 2% R . Gt B L
AL AU EE AR A IE KR (General
Circulation Model, GCM) [FJ RGLi% %, X ek
AT B RIS A BRI A 2 A AR DG
Ko WUEE R SURH S, PRI AR R
TR A H T Gevt i, KA 2% 1l )
TEAPFR ™Y o ASCRER I 2 e ME A 7%
1 BP A I Z8 (1 V2R AT I G R
2.2.1 Z ook mlH 757

iy X H AR AL, 2R n
BENLAZ S, 22 p AN KRR E T X,
Xo,0er, x, FIREHLINZR € BIREM, 45y 5 x,, x50, x,
AUTF &R R

y=ptpBxt -t px, e (1)

o Bo, Biyees, B, 7 pH1 AKANSEL, & AATI



56 oo #H R 2014 4
FIBENLIRZ, H e~N(0, 0°) . X ()BEHIEIZ a’=p (4)
TEE M [Pl AR A a" =" (W a4y =0,1,- M—1 (5)

A 22 A1 10 I B i 00 0 5 A R Y T a=a" (6)
NCEP FNL %8}, 1558] n AREALSE (v, x5, (2) HERRURRE S i A% 37k
Xps Vi) o i=120 n, ARATHELK (D, BIFH s=—2F" (" )(t—a) (7)

=Byt Bx, Xt '+ﬂpx1p+ &

y2:ﬂ0+ﬂ1x21+ﬂ2x22+'”+ﬁpx2p+gz 2)

yn:ﬂ0+ﬂ1xnl+ﬂ2xn2+. : .+ﬂpxnp+ gn

o e, 6,000, 6, HIHIT HEMM N, ). T
FH /N = TRk A T 22 702k PRI R b o
BH By, Pruees By BIEEFE B= (B, Broee, B) TS
27 Ji Rl
op=Y e} =
! - NG
;(yl'_ﬁo_ﬂlxil_ﬂzxiz_' : '_:Bpxip)

IEE /N ATTAT LA 22 Tk rE e
2.2.2 BP fh& M4 51k

AT 2 TR M RIH J5 v, BP s W 4 45
MR T AR tEmdy, HinEH—A =2
PP N 2 AT DL SEIAT — 3% 52 o £ sl . BP W
ER IR g DL 12

BP St fedn 2

(1) A3 1P 8 44 N [ A 3 -

B

s"=F"(m") W™ s m=M—1,---2,1  (8)
(3) o P I o 32 S S LA A
w”(k+D)=w"(k)—as”(a" ")’
b” (k+1)=b" (k) — as”

(4) 7% & 30 Bl T [ 3k BE R AU A B4 1)
TEEARNE HA 2 BN B /N Rl s, AR SR F A
T 1) FEE U ORAIE ML ST ook T B il — N,
Levenberg-Marquardt 573, K™

Xy = X[ I ) 2411713 (xv(x,)
1% (10)
Ax, =37 (x )Ix, )+ 17T (x,)v(x,)

9)

Sk tdE BP e p 2 24

3 SitPEREEBNEL
31 SRR TR

Yo RSB IR R R A S AR UK
JRBE I 1IR3 5 2 3
B2 W R R, AR R
Fe M TUHOR A L2 IS0 R R, R BIAK

H—=
P a!
v W
RX1 SIX1 \
SIXR ol S$2xS!
fl
Csl><1
1, / 1 P /
(o] —[v]
S!IX1 ;‘ S2X 1

C ‘/\ n? e
$2X 1

3
X 83X52 sl
@_. %u
S3X1

}2 S3X1

K1 BP KT £ H &

Fig.1. Structure of BP neural network model
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4 Surface-VGRDprs il v 7K [m/s]
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19 850 hPa-ABSVprs 850 hPa 24 i [/s]
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Table 2. Significant predictors for daily T,,,, in 12 months
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LN Surface N N
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Table 3. Significant predictors for daily T,,;, in 12 months
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I1H 2H 3H 4 sH 64 7H 8H 9H 10H 11 H 124

B0 R L e O v N N

M1 Hs N

500 hpa Xk v v

ssohpa A N N N N N L A N

Surface X5k N N N
500 hpa JX# u N \

850 hpa X# u N
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Table 4. Optimal number of the hidden layer of neural network for 12 months
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Fig. 2. Structure of BP neural network
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Table 5. Performance comparison between two models for calibrated simulation of daily T,

Touin R’ RMSE MAE
A B B BA 1 B A B B
1 H 0.96 0.89 0.61 1.13 0.46 0.88
2 A 0.97 0.89 0.51 1.19 0.37 0.96
3 H 0.95 0.88 0.68 1.09 0.50 0.88
4 H 0.96 0.87 0.51 1.02 0.36 0.82
5 H 0.91 0.76 0.52 0.89 0.39 0.70
6 H 0.90 0.70 0.44 0.80 0.33 0.63
7 A 0.85 0.56 0.46 0.79 0.33 0.60
8 A 0.84 0.53 0.48 0.84 0.35 0.65
9 H 0.91 0.67 0.42 0.84 0.29 0.66
10 A 0.96 0.79 0.37 0.83 0.27 0.65
11 A 0.96 0.89 0.59 1.02 0.44 0.82

12 f 0.97 0.87 0.48 1.15 0.34 0.92
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Table 6. Performance comparison between two models for calibrated simulation of daily T,,,,

Toa R’ RMSE MAE

A i B A B B A i B
1 H 0.95 0.88 0.91 1.49 0.60 1.14
2 H 0.95 0.88 1.00 1.70 0.70 1.34
3 H 0.95 0.86 0.86 1.50 0.62 1.18
4 H 0.93 0.85 0.99 1.42 0.75 1.14
5 H 0.92 0.72 0.71 1.36 0.50 1.06
6 H 0.81 0.64 1.20 1.60 0.74 1.25
7 H 0.90 0.67 0.77 1.45 0.56 1.14
8 H 0.86 0.65 0.95 1.50 0.69 1.15
9 H 0.76 0.67 1.20 1.41 0.89 1.07
10 H 0.94 0.79 0.53 1.04 0.35 0.80
11 H 0.97 0.87 0.56 1.25 0.37 0.97
12 H 0.96 0.88 0.72 1.33 0.51 1.03

* 7 NISR[UVBERMIERIGIN ARSI
Table 7. Performance comparison between two models for validated simulation of daily T,,;,

Toin R’ RMSE MAE

B A i B A i B B A i B
1 H 0.83 0.90 1.51 1.08 1.23 0.85
2 H 0.85 0.93 1.77 1.35 1.40 1.05
3 H 0.88 0.88 1.38 1.35 1.09 1.05
4 H 0.72 0.85 1.56 1.09 1.22 0.87
5 H 0.61 0.82 1.34 0.88 1.06 0.69
6 H 0.33 0.64 1.61 0.99 1.17 0.77
7 H 0.37 0.60 1.16 0.80 0.84 0.65
8 H 0.15 0.33 1.09 0.89 0.86 0.70
9 H 0.35 0.57 1.32 1.01 1.01 0.73
10 H 0.55 0.85 1.87 1.14 1.48 0.90
11 H 0.80 0.89 1.62 1.22 1.27 0.95

12 H 0.68 0.87 2.19 1.38 1.68 1.07




2 K W, A IRYIX H BRI B U 65

*8 RNESERMREREHERSHLILER
Table 8. Performance comparison between two models for validated simulation of daily T,

T R2 RMSE MAE

BA B B BA B B BA B B
1 A 0.74 0.80 2.24 1.87 1.83 1.55
2 A 0.81 0.90 2.48 1.68 1.99 1.38
3 A 0.72 0.89 2.47 1.46 1.98 1.15
4 0.75 0.80 1.83 1.64 1.38 1.24
5 H 0.43 0.52 2.13 1.65 1.58 1.29
6 0.32 0.70 2.34 1.39 1.83 1.11
7 A 0.35 0.57 1.95 1.47 1.57 1.14
8 H 0.19 0.20 2.14 1.97 1.60 1.43
9 f 0.54 0.64 1.64 1.48 1.24 1.13
10 A 0.71 0.79 1.59 1.29 1.23 1.02
11 A 0.73 0.86 1.78 1.17 1.28 0.92
12 A 0.80 0.88 1.88 1.52 1.47 1.17
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Fig. 4. Comparison between the observed daily temperature extremums in 2012 and the simulated temperature by BP neural network model
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