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Development and Case Study of
Non-Parametric Statistic Downscaling Model

Student: Han-Sheng Huang  Advisor: Dr. Liang-Cheng Chang

Department of Civil Engineering
National Chiao Tung University

Abstract

Climate change caused by the greenhouse effect and its related
issues are becoming an increasing concern. The simulation results of
general circulation models (GCMs) are an important basis for evaluating
the impact of climate change on a river basin. However, the spatial scale
of a GCM is generally: much-larger than a river basin. Therefore, a
downscaling model is.required to relate the GCM data to basin weather
information before the*GCM model'can be applied to studying the impact
of climate change on a"basin scale problem: Conventional downscaling
methods use a mathematical function to describe the data relation
between large scales and basin scales. Although there is some degree of
correlation between the data of these different scales, the relationship is
highly uncertain and random. Instead of a deterministic function, a
conditional probability distribution can better describe this scale
relationship. Therefore, this study proposes a novel non-parametric
statistic downscaling model (NPDM) to describe the scale relationship
between selected large scale factors and basin rainfall using a
non-parametric conditional probability distribution. This study also
compares the NPDM performance with that of the statistical downscaling

model (SDSM) through synthesis of basin rainfall. The results of this
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comparison show that, using the same large scale climate factors, the
statistical parameters such as sample mean and standard deviation of the
NPDM synthesis data is closer to the statistical parameters of observation
data than those produced by the SDSM. This study demonstrates that the
proposed novel NPDM is an appropriate downscaling model and its data
can be used to investigate the impact of climate change on regional water

resource management.
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® i ;' ¥ ¥ (Model calibration)
Aw e Bplaky e REL G BRAAMIEF FFFHEL L &
F i SDSM Mt s v > 0 2% E 5 ¥ § RT3
AP RE REZRHF EREEACRFREFAFOVER G L
% A RG] RfE B i ehw S licid (weights) ) A7 3 i % SDSM

¢ 0§ A1F B 2 (dual simplex palgorithm) % 3+ 5 % % £ s it v 5 b

XN
L
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T
ek
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=
)

VK R b e RS & T E g
BN F o3& Bodk B AR ETErEE (Conditional) & 2t i 2 5V

(Unconditional) » # ¥ § %% & i & BB EH R EMLEEN

PR B g2 a BM G- B BF e R F B AT M G

PIBHRE AR ERZLFEN > BR BB A RF ke
® i % & = (Weather generation)

FohoE ST ERE AT BT kA S5 i prpen
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PRk deri i T E B F iE F]S 0 é%ﬂi‘ﬁ"%ﬁ)‘%’?”*i
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ExFadFaw fFN ot w0 R A REOE P2 R R PSS

HEFFNERE PR BRENT FFFF T RGTS e
Bf % Fa o T2 (st aqramig o

® “iit 4 47(Data analysis)

PLALIE S AT enF G T O B AR R R R B R B ERF % D
B EM N TRt A P8 CFE R E A E DT IOE kR R
Bl B~ RAENE {3 B R FRFREANDERS &
B W A A A 1 A RS R s B o A P hp T
R & 8 thp G ER o

® [ 7,45 11 % ¥(Graphical analysis)

—

SDSM # # 7 #& % Bl e Be = 8 4 % % ¢ & (Compare
Results) » ¥ - &4 pF & B 7| % Bl(Time Series Plot) - 2 ¢ % % 1t i
TR F R A R SRR S SR L R B
SREE G KRB ITABS A FIH T U E R R ERE R RS
FEREPETFELIE A TEE BB B E BN Y
frd ot g ¥ - BT ASIG RN iy P )
PFRF R 75 e — SR

® i k58 % #7F #(Scenario generation)

/
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hAER R, VRS A RBEFEOF L T -

i

FEFFIEE LR ESGERFPFF L NETEF R TNET S B

ETTRS

BREXEY KR o B RS PR X L B x 47

t%’i
M

Y2ty 7 Sad o BT L0 A

F iE F]F DE TR

XN

BHcNE E RfpiE 2 & E Z(jointevents) » ¥ * (3-1 38)& 72 o
E=(X=XY =Y)=N(XY) ceeerreeiieeereeeeneeennns (3-15%)
HPY snxy) 2EF 28 4 tht o

o Wi EA BT

— BRI YT 1T A BRI AeiE T oA 0 I NE Y

TEE He BR AR BE R ARET Ll F e TR

‘:w

Lp Rk b B oot T8 1 TR A 4
;o R R MFE g 4 a8 £ 3 Joint Probability) » P(X=x,Y=y) °
MR EERSEER L OV AR Y - B ) K EIR
20 PltEciE A2 5 T 5, (Probability) o H R F 2 03] 1 K
Foom oA WHFERLE A NT I BREAZEF S 4 n B AZTRE
RO XL BRAATEFEIOPWEAAI LT AT EH L S
PA) e AT EfE A B n(A)EH+5 B S P ik ~ B #cn(S)
st g > HgF L
n(A)

- D
P(A) = n(g) T (3-27%)
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BB KF 6T 4o i R L F E BE=(X=x,Y=y) % 4 1
HpE El"“u];;}j%\ A‘i.,%ﬁ;fg_?]:r@ii%?xf_ﬁ_}‘aﬂiﬁi’%i*yfﬁ

HE A BB do(3-1 ) B R A SRS A or R A ZhBcot B

P(X =x,Y = y) = r;](g;y)) ................................ (3-37%)

THNHEAZFSY 2 @R ERE A F L S s L T 4
F e g

L2 A RSP L imied 4B B4 4 i
0<P(E)<1

2.1 LM ERRA T FSEA kN R

P(S)=1

3T bl ek AZ FSTEIELTRE A S v ¥ 2 o Bl
P(JE. =D P(E,)
n=1 n=1
® I EE MY

Pode ARG - BAREL T AERA L - BT

et oA FEPFOMEIPTmY - BAVLL L L LA
TEFEFF AR LR T OA § RS e 2 A #D LAt R

SR R AR T 0 BT R g 5o
e AZESY 33 ASBAEE s A AT 2T HT

FREBFREF4 23 HI AL TRABRTAFE2ZEET
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AHEHBEEZT MG P OB RIASERERAZT

KAFHE A RN AL Behies 50 RIAT e A T

v

B¥ 2ad o™ 2k d

4oP(A) >0 B

B P(ANB) B P(AB) B n(AB)
~ P(A)  P(A)  n(A)

P(B|A)

Fp Aot dE A R R e S A DR T W LaE Y (34 50 ke
WHHRE R iE R % Pl AS B K F b S g g T
F X e g PERT R A BRSE ] TR ¢ 3R X R A B
R ERIX otk A Pl B EFEREMELT TR LY 2
FopE s 4 ?ﬁ’ﬂ,\ 3 I Xegb 3 Y B4k Al de(B-1 e L E
g4 e oAl Tl A AR weh 2 F) S X iERT

BkFToa g Y g AP HEE o md A L ot R

P(XNY) _P(XY) _n(XY) 655
P(X) P(X) n(X) ........................ by

P EEBIPY [ X) FEAPT DA MET > FPX)>00 R ¢

P(Y [X)=

lL¥ErXEdn s BEL2YPELHIP(Y|X):
0<P(Y|X)<I
2.7 A 5 BFSehiE & 4 kP A
P(S|X)=1
AR AT BSP Y 2Y,5 3 v Eans o f
P(Y, NY, | X)=0
P(Y, UY, | X) = P(Y, | X)+P(Y, | X)
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FXf herz2MABiphicsie B4R L 2 ue oz
FRFHEGAA T iRpHE SN HFHLEITEL F B F R R
Baof > ¥ ik s s i 7 5+ B A 34 (Monte-Carlo) 2. 4%

ebldr i R E 2§ e Bt R g BRI L

wo A VPR AR TR £V - Eap e fEsE TR o

BB RFF R LA ARETHEY TR X R
AR R G S EERFEARRGE AT B BT
A B R A 0 — B TRk 8 S RSt o0 = P A A 5 R A 4T o
® i chifs

B SLRE A 48 R o = [ B & S (first-order Markov chain)
LA AT BT ESEL KRR ES X 2R B a2 BFip
Bl fa(dod 3-1 977 ) 0 H P % i A ki it (dr 3-6 X3 3-9
AT ) pw, [d, )M - X A RE R LR £ X R s, VY wi
2 (wet) > d A EA(dry) 0 THRUR AL o P EBELY

PERUE RN e T o A e

POW, [W,_) = POW, AW )/ PIW,y ) e, (3-65%)
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PW, [d, )= PW, A d, )/ P, v, (3-73%)
P(d, [ W) = P, AW )/ PW,) v, (3-85%)

P(d, 1d,) = P, A )/ P) e (3-95%)

£3-1 57 % saE# B

W, dt

Wi P, = p(Wt |Wt—1) P = p(dt |Wt—1)

dt—l Por = p(Wt |dt—1) Poo = p(dt |dt—1)

® "Fko5p R A Tl
ok op R - PIAR T PR R R Sk b o if e BiES T
Zaa kAT E A R A R o FP R e B ek W A X (wet
day) o F]gt ~ 5w o PR R T 2 fﬂﬁi% <L o gfg,«,%v)f%
g ER el S B 2 SRR ] BeE 2 E A T IR SR

SRR P ETERT

2y
hal
N,
H
E
n?t
et
|l
T~
*‘W
-;4-
fird
EUMN

Tales s R A0 R end H ety s S0l
(one-parameter exponential distribution) » @ & * b G2 W 7 A TLEK

Sy om w2 BB L o BRGS0’ = B S5V A5 4e(3-10
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F OO = 2 XD o (3-105%)
uou
A S Ecag Al P o Bl B S8k Gamma 4~ # (two-parameter
gamma distribution) & # &% EcieHug & 0 H #1F N 4e(B-11 38 )7 - H ¢

2

¢ 77 S¥ca % fo ai Ak Sdk(shape parameter) © F2 54 1 chi

3]

2R 5 B 5 % R %¥c(scale parameter) > B A A W aHTHARR 0 F PV

MEFEAE! S FHERLBTEFT R T L God b F T oE g
RB#cr G u=af o’ =ap’c £ ° § a=1 > Gamma 4 7 #i3 it =

H fffeend, #h i o

(X B) exp[-x/f 1
f (%) = T . (3-113%)

¥ — iR frdp o 1@ (mixed exponential distribution) - # 5 & i ¥
Slictg Bion G oenie A L H Y S =TI A B R AT a kA
A%a g 0 n % Bigdh BRLEAEY Lo PE RS R E SRS
o R s G TOEE RS GG u=au +(1-a)u, &
ol =au’ +(-a)u,’ +a(l-a)(u —puy)* o B BF 3 40(3-12 34 )477 o

f(x) :iexp[_—x]+ — exp[_—x] .................. (3-125%)
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Fi&
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j:
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Num(1,1) Num(2,1) Num(M, 1)
Num(1,2) | Num(2,2) Num(M, 2)
Num(1,N) | Num(2,N) Num(M , N)
i=1 i=2 =M
Bl 4-2 & # Boiesi il
Num(1,1) Num(2,1) Num(M ,1)
N N N
2. Num(, j) | > Num(2, j) 2 Num(M , j)
i=l j=1 j=1
Num(1,2) Num(2,2) Num(M ,2)
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2. Num(, j) | > Num(2, ) 2 Num(M, j)
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