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Sensitivity analysis in ecological modeling. XU Chonggang"?, HU Yuanman!, CHANG Yu!, JIANG Yan®,
LI Xiuzhen!, BU Renchang', HE Hongshi! (}Institute of Applied Ecology, Chinese Academy of Sciences,
Shenyang 110016, China ;* Graduate School of Chinese Academy of Sciences, Beijing 100039, China ;* College
of Forest Resources, University of Washington, Seatle 98195-2100).-Chin.J. Appl . Ecol ., 2004,15(6) :1056
~1062. .

Sensitivity analysis is used to qualitatively or quantitatively apportion the varation of model output to different
source of variation. [t is a very useful tool in model parameterization and calibration, and has important ecological
significance by identifying the governing factors for a certain ecological process simulated. There are two schools
of sensitivity analysis, local sensitivity analysis and global sensitivity analysis. The former examines the local re-
sponse of the output(s) by varying input parameters one at a time, holding other parameters to a central value;
and the latter examines the global response (averaged over the variation of all the parameters) of model output
(s) by exploring a finite (or even an infinite) region. Since it is very easy to conduct local sensitivity analysis, it
is very popular in ecological models. However, local sensitivity analysis is not computationally effective, because it
can only get the sensitivity of a single parameter at a time. It can not take into consideration the effect of interac-
tion of different parameters. Additionally, the value of other paramerters will affect the sensitivity of the parameter
specified. In view of this, global sensitivity analysis is increasingly preferred to local sensitivity in recent years.
However, for most of the ecological modeling study published in Chinese, only local sensitivity analysis is conduct-
ed. To provide a toolbox of alternative sensitivity analysis algorithms for ecological model development in future
study, we reviewed the main methods of both local sensitivity analysis and global sensitivity analysis, including
one at a time method, multivariate regression, Morris’ method, Sobol’ s method, Fourier Amplitude Sensitivity
Analysis, and Extended Fourier Amplitude Sensitivity Analysis. Based on the state-of-the-art research on sensitiv-
ity analysis, the sensitivity of the interaction between two or more than two model parameters, the sensitivity of
common model parameters in a set of models, and the sensitivity analysis in spatially explicit landscape model sim-
ulation were identified as the key areas and difficulties of future study on sensitivity analysis in ecological modeling.

Key words Ecological model, Sensitivity analysis, Local sensitivity analysis, Global sensitivity analysis, Spa-
tially explicit landscape model.

L3 & HERW AR EE LA SEREETHNERTERREL.
=)

EAHMAREMEARSMESTEATHINTE * PEBER I #EREAFTE (BRO10403), ER B AHFE

MEFSEE N SR RENS, UL o oI TEAFRANAHLERDTE

— B AREEER SR TRE SR, WRRENTE x < BIRBEREA.
MMNEN AL BREERSNEAEAN TME 4 2003-03-24 4H, 2004 - 01-04 EeX.


http://www.cqvip.com

64 RN S 4 SR W A BT a4 1057

ARG RO A EERK, WBEREARELN TR
RRAE FERERATNMONE, BT ERSERS S
B ERERELES RN TRES) RTBZESHY
FEILTRILEN Y, BREGE— 1 S 80 BB X
B BB THRAR M EREEAMAR, B— 1 EST
ERZERERATHEEEREW, Frel HE S HA R
EHERTEBEN. Lm, — M REEPE— DR
FECMEZUNPREY KR MWEEHZ L BERpE
BRHEEMAREEREMBE, FEERENIT N
it REFER KN AR ENSE. By, FZ@t R EE
(sensitivity analysis) ¥ VE I & 1~ S ¥ ¥ 788 & vE X LR IZ 17
HRPER, BFPANDARBIEMHERER YW EE
KESEEREE, X FHREMHEALEREWMARHSH, R
FERHESEHE.

REESITELRHAESZ BB ELEFH —MEREH
R TR 1617.2029.9] H BT EHBTHEFTRE
BEFFERPIHATEE. BT BUE 2 H7T LA E
HESPXRMEBARBMA AN, ERBRESTESTELE
AR A R B4, 3 T AR R LR L5 R L
BARWMAZHTUARTEE, XISERKEE EH/NEE
BIER THER.

REEAMAABREEMNESF T BT AGEH
r, T SNARUER Xof W 26 2 3 i A Ak Bk, AT ] LA E £ 0
BT B E SR Y mEE . B Es
— T THE KRR RISREMAEE TR, 07 KA
BExT e QBT [E) A AR R B (b B UK, BLAHRBEIT A
giEtE EMEFEERAT CEKAENFERHZE . Pacala
61— E) FL VR RY B AR LB R (SORTIE) it 17 17 &
HUE 07, USRI B3 V) YR F & BELE AT 300
FH B, £ 300 FZ B AHK, WHY MG FEEE
Xt ZR bR IR B ) RO TA AE RESE 300 A A

RERYESWHEBERIZINE, RSP RR
ZHEFEAHITXT4W, TREERA TR IELRE
ZTMBHEZEEBERE Tomovid 18 — K H A5 4%
BREXBRT REE DI EF HE . Waide 1 Web-
sted VLR TH S A AEN REES TR E, HIU
T S R RSB0 R BUE . Recknagel 1 83 1~ £ %L
ST —IMESEGERE, KB RGUE N HHE RIEME
FEHDME RBEAWRT ZHTERESHE
;p[l.15.18.23,30.35.37.33.45]_

RS HT E PR AR E I MV M B R S RO E TR T
RgEHBm). REESHLERBREE S (local
sensitivity analysis) il 2 &) R & ¥ 43 ¥7 (global sensitivity anpal-
ysis) 2] R RBE ST AR B BN SR H A R g
RUEREE, RES2H AR P OH. 2RRMET R
BENSZHHBAREGERTENSHEW, HomE—
TMEYRSYEZEMNHEERMERERNEW. 2R A H
EaMERMBAMESFTUENET:HE—TSBE 1

ARAEZE CRMTEEARL ) BRI SRELSIERNH
MEROTILELBO, WEREROTLEAFTEFSHE
HHFEERT LN ERRABEMH XTI HERLR
RYEHTMERERABEMT EHLRABESH A
2R P O £ BER 1% 5 A OF W S8 R R AL B s W i
AN, W E TRk R, B R B it
BRI FERE M A S BRABERDIIHTE. E e R
RIPESFNER S BB BRI T EEM RS 5
R E T TR

RMRHAEFFTHRLETHTRFEE EREHRK
B FERTRE . D RFB—1T 20N, — K
HEMH— 128, Bt R LARBAR2) B F— K Axt
— AN ERHETAN, FFUAREE BB SR Z RN AEER
XER R SRR )M E -SRI TN, HES
HMARDESE WA REE. Hit, BRI ESHEMR
BES T EREREE TEALRREEMTHTE. H
REEMMESHBHRBEIT+, —BBRARBBRY
Bt a2 mARRAEMRAER B2 RAK
B ASOEMRR T REUE W X Rk, HFERA
EAESHUMAREHE - TR ENAFESHTE
FEHEaABESHTREZRIAR, HHEATESHER
BB AR

2 EEREMEST

R R RS TR — R AL, RIF R HE e —1
ZR MR EBURHESCE, FIRESEREZSHEX
RAEERR A ELL ARAERE F-RRERETELE,
MEH S HAIZEE I 10% KL 10%: 5 — My ER R
AW, W BT 0 S 808 I — AR HE R E R > — A
RERE BH SRARBERBENE R SRR EE IR
HRAANAKE ZRRHEAR.

5 = & (1)

Hf, S, E8: MR AEE, - RN REHSR
BXL p RE i MEE AR, EXHEAF AR
S AU AL

ANBEE NS, R B & 50R 2 A gk, WX AR
BRI AR ARMIFER G, REXHERE N IER
W EIHENSEHERTERILR 10% 2 20% B R8#E
T, WATRER 2 5 10 B R 00 E 1, R MBS M e ik
FIEHNIE, AR T 10 % 892 LR 8RR .

3 EMELBRBESMMA

3.1 ZEHEE

£0r B V3 B FH T 48 JL [ 1& BUFE (Latin hypercube
sampling) . 1 T 48 JL o] {& BX £ 5= 8 55 B Conover £ 1975 &£
i, 3l McKay PV 1979 F EX E R BT IESEM
BERELS AR E S ERA X, 5 T8Il R E
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HEEMBILREEEAH ™ EHE— T2 UM ER s
R ARMO~-1D)2RILTEAEEN N KR, §—
MR ES TS — TS HEREK A HNR, #@
ESNRYEMEXHETRIL M AR HBN S HMERAK
. FEAM E TR E PR — 8, R -
W—rE28E IR THBERAA MY MEBE—15H
HEEFGRIE o ARE, B2EH n MEREAE.
EhrE, R m AR HEE 38 0 D3 R0 B HES
B— nXm BB, IBEMEES S TEHRIFHILITE.
REBITHAESEN m MaAN ERME—1TEAE TS
HMBRAE ETRAEBHRAMENE R HBRIUERS
ERAZEHETRER AT AMEXRAUEXRESY
HRBERND, BITHZELERNTERES SN RBE
KA BEFHTHILAERENZ TEHEEHFAN AR
McKay %1°!), Downing %[ 1 Helton! ). E B ZE A S
HRBESTPHRBT I ZMRA . Mcarthy 2:130) | — AR AL
AR 75 45 ¥ BL B (stochastic stage-structured model ) X & %
( Lichenostonius melanops cassidiz) ThBEH 1T B E R 7
(population variability analysis) B, £ JC B 3 R 8 & 5y th %
B, E4 M EFHESRTRETHRREN THEE A T
JF T 1 2K 48 KU BS: (9 8 W 8¢ K 5 Nathan 250402t — 4 iy A 51 £
0 R F L RE LB R 1T B 50 18 V3 R 8UE 4 i B, A2 25 6]
UE 2 E R R B AU K/, 2 R R YIKCT M B
IR AoF b T A 6 o e el A K T4 B AR 4 2 R 1 Shiirley
& [46)3F — A ¥EM ( Deroceras reticulatum ) T BEHL Y 51 45 7
Eatel, SREBCHYUESEREF TR SN 9
L, RANTE LR RN SRR ILRE, &5 H
ZTEAMRHEXZPRALE TS0 REE. 7k
R EREEER MW AR SN L RRE . Z
SEEAHEOEEIGEFEEREWHNYREELE SN T
FEREE . B FEE XS BMIL T F (environmental mor-
tality) U BN RAFE T2
3.2 Morns ¥k

Morris B R B Morris 7E 1991 P 545
BORAEGERI B0, 1], HFHHERL, F8MEHEN
10,1/(p - 1),2/(p - 1)y.. ., 1} P I, p HBEHM
REESHTE. B2 8EE p DEU &l LHEVLRE, 3%
BEX =[x, x0, 02, ), K4 P ASBH AR
XE auxk(m=EF+1)EESB

0 0 0 - 07
1 0 O 0
1 1 0 0
1 1 1 0
L1 1 1 1 14

Bl A =s/(p-1)(s AZEHET), BR, K ABH
HEFWTRE T 2HORESF, AWK S o B
W, TR ATE RN SR A, 7 5IRARE R

LEER v M v, 2K

2,(X) = (v — ¥2)/A (2)
JHTFHERESY ORBECHT #F L, #£ERIT
Frrp AT RFA r AHMBITREEARBMNS
ABRTURGH A, M 28NRAEE kTR, AEE
—WH LB SR AT LAB R ¢ M 2B RME, XETH EE
WERW. EHEE AB P& TENREF T REVLA, FEE
PR e, MR B RA — WYL 2 LR IE A &9 BE AL
e ZHHLTRMT .

DIRD" A kEMHEE MARTEN + 18 - 1098
EHF ® | HAom X k HBRMERE, B (1/2)[(2B -
Ju D' +1, ) Amx e EE EBEYE—FcES5 B
XY BT %, SR 0 By 1, 3038 1 #ikb 0;

D)X AXHREA MR, XPHE-ITSHEAN
0,1/(p - 1),2/(p = 1), ..., 1} PEEYLEIE;

3)i2 P* A b x k MEEYLIE 1 IE B (random permutation
matrix), EEFHE I RE—THRE-ITHE 1, K&k
fHE R 0.

B8, DX MP” HHVIRERRAI LM K. & B”
= (Jou X" +(2/2)[(2B-],,,:)D* +1,,: NP HEEBH
WEYL LR A1 ABARAL B M EBHBWT PR RAE -1
ERMBUEARMN, A WITEIRYESHE A, REF 2
W HFERA G-I SYHAYE HE, & T Morris B8
REOLYE, (RERE—WHEVIEE RS B i Bk %,
FFLATT LA 1T SR, REBK THERENRA S8 R
B B LR MR ZE T AERESRZRMEE
EHERE, mMEFHEE/N, GHZSRSHESRZEY
MEERBRE/NMRIREER WEAZZ2ESHEZE
4 HL{F AR BE K. Morris IS TE A E BB B 2 M A BUE X/
Hi et (] SR AT R, T FH SRR g5 AR REUE R DA B
¥ MBMTHEREMERNL2 /A BEL. Crosetto
Tarantolal ) Xt — 3 F GIS 98tk B SR 47 R 8UE 4
FrES S8 FH Mornis BRH 3 B BRI REM B K ® 5 A 8%,
HAERERISESFTOTERL(EEHEERRER
B RESAHZEINE—TZ2EN IR HENEBZER
ok
3.3 fHEHEERYELEE

i B2 o0 BF % 80 B 4% 3% 3% (Fourier Amplitude Sensitivity
Test) 27 20 42 70 AR5 A B (g R UK M 10-12),
EMIAREERLASABEIRPREFO T EZ— EF
BB OREH—SENERNRESYNZEZENREER,
ATIEZEOBSFEAI—BRHRY ZTFENRE P E—
MHABBEBIAN TR FARLSH(OHNRE, H4H
B THASHEN N BYAR, BEERE R A TS
B AR TRE MR SRR, s
— SR M BLe R B . R B R ) KPR ISR E— A4
BYOREE, BERK, WHER N X SHREE; RZT
SR, THOE I L RO B (21222481
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Xﬂ-?ﬂzﬁﬁﬂ y = f(-rly IZ;'"yIk)vﬂqjyk %ﬁ"ﬁl’qj
HZEBANE, FAST B X BN SR MR GUE N RS R K
MERBTSIENAER T RA SN A MERLE R T
T

v _ [ w(X)

7= | 2%pcoax (3)
HFEPX)ONX = (x1, 12, 1) WIRESH MR 7

z; = gi(sin(w;s)), i = 1,2,k (4)

w, BT ANRENRE, s RIFESRMMLBR, g, 7
HERRY. A, FRG) WLy,
Ay =J’ Iy{x,(s), x2(s), ", 1,(s5))
dx; s ax;(s)
SENAOILE (5)
RIS I TRIEY s Tihat, hHEM)
KB S, WERSA—B, LAWLEMT H 24,

x V11— u?fi(gi(u)) dg('i—iu) =1,g(0) =0 (6)

ME w, EREHKE, MRE g, XHLFZHE(6), A (5)M
(MR FrBdELEME X, T2 &

é:la,-w,-?‘—‘[) ' {(7)
B, a, WER. MRERHIEREMCHBE, WML FEES)
R HBE s £ XM HABE, XETHE EREAT
TR . mBER AR E, W2 F RSB LER
s E— P AERMOEE( -~ 7, o 1) REUE. X, R ITLIE
Ly

P{xy(s), x2(s),

fs+2x)=f(s) (8)
XR—AERT s AR, 7T B B R ¥

()= ZAsin(ws) 9)
Ko A i FHEKE

A; = %J::f(s)sin(w,-s)ds (10)

AAEZRE ANASEHREE X s £RE[- =, x] AR
BEE, ERAEREHE— SR AR, Z0E T8,
AWM TFABLEMES A,

Ns
m=i§ﬂmmwm (11)
ﬂ‘F’ Ns HBUEES . Cukier 11008y
Ns=2Mw, t+1 (12)

HTFHRBY g WR o, RV G2, Cakier F1
il

x; = peviews) (13)
B,z AP OE, v A, KM EE, s £ - x/2, 7/2]
PIAEHL . Koda %1260 821Y

x;=x;{1+ vsin(ws)) (14)
Saltelli H I35, ERAT I MR BUFAERPESH T
ERER, HEBEHFHERER

.r;:%"" lal'csin(sin('u.'.'~‘)) (15)
n

LRMERFBMRAREMSHE0, 119904, T2

RN F M, La P B BEBN A
5 =F Yce+ %arcsin(sin( wis))) (16)

HP,FHONBH M RBHRRE, c WER.

b3 REHERRBES NP REERAN T
BHEHREBEEN I E, M B %K (factorial experi-
ment) 21 Plackett-Burman 3129

4 EERRABESN

ER2RAYESMERBWMESERSEXT THRY
HRPREWTRE. HETHHEH Sobol” = f1{ Bt
WEE R BUE 1 32 57 /& #5 (Extended Fourier Amplitude Sensi-
tivity Test) ¥ XA T REREF HEHFE, WARE
ZRNHTETREXBREBERATHEE. NARE8 it
HEFOIRAERMPMERE, TE5ESN 2 RMHEER
R R . M T i fH R 2 e, T LS
SEVEN £ 5 A BUE ST, AT I8 — s x] B 25 R R K
b,

4.1 Sobol’i%

Sobol' Bt L —RIBHE X B AR SHEBHZE
HAEHASMAR. BRERARN Y = f(2),(x = xy, x3, 7,
), x, BR[O, 1] B, £2(x) TR BUARA] S8

fla) = fo + Z:f.—(x;) + é:f,-j(.r,-,.t,) + o+

fro -z 20,0 13) (17)
TRALIAT 2* B ERX AR A RN — . B R
BT H%E

1

f‘.’(I,‘)(lI,‘ = 0, VI,’,i = 1,2."'1k

Ffla x)dxdz, = 0, Yx;, 25,1 < j (18)

fi2 . b(II’IZv '”v-l'b)dl’ld.rz“'dlk =0
n

W7 #(17) REWE—8HRIER . 4B & 0% 2
J!f-["l-"'-"f;l."'-j[(& = 0' (il' B} l:) ¢ (jlr“'uil)yk =5+

—— o— — o,
et

(19)

i
J flx)dx = fp (20)
fe]

X x, SN I B TR £, () |
[T Tdz, = fo+ £z 21)

MER x, x, SR ER B A RB £ (20, 1))
Jf(I)Hdlz = fot filz;)) + filz)) + filxi x;)

170y

(22)
mﬂt%fﬁ, m‘ﬂ'f% fl.Z."'b(Il!IZ’ "‘,Ib).SObOI’ FEE\#J?T
=
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- [z - (23)

RFXRTASPRBLE R MEE, ARy =

\ J‘f%dl'i (24)
kFERENSPUMRBLE RO WMEE, ARy 2

Vi, = J.f%l_..._,-:d.r,ld.z,:---dx,J (25)
RFERBRZEMERAMRELERGTMER X HEQ7)
WP BERS S

V= Z‘Vi + ZV,',' ot Vi (26)
¥ EXEmE—14k, H 4

Vit
Sty = Ty (27)

ARBRHEBANSERBPZ B EEHGABES. F
B2, A8(26) THEH
1= Esi + ES,-,- + E Syt + "+ 812, (28)
xﬁ S, B2 M— KRS, Ak R BOE, R,
a R RRAEE SIASH W2 RAEE S,

St = Zsm (29)
SoFEMARE SR  MARE FX gL —H2" -1
I, R k B KNIBRMELZI. B, 2 EFE —-ReFsL, mE
ENBTERBEEM —ASRHREE S, 4, /] LAEIE
HEZBSEEA, u o X
(u,v)

() = fo+ filu) + f2lv) + fialu,v)

V= J’fZ(I)dJT R (30)

x = (xy, x3,", 1) =

= J‘f%(u)du

Vs = [Av)do
Vp=V-V -V,

ﬁﬁﬁ&(zw,fl(u) = j‘f(u, v)dv - fo, BT LA
Vi = ([ fu,v)d0) -

=J.f(u,v)dv'{.f(u,'u’)d'u'—f(z) (31
FAEHFFE:
Vit f5~ Zf(u,,v,)f(u,,u )

J“l
N

fo== Il\,af(u ;) (32)

N

V + fo = %Zfz(uj, 'U})
J=1
N

Vot o g S fuy, ) fa' )

b u, o M, v 5B 5 4 45 B R R —

BE, N D SRESEFRER RN BT 2 = 4, T0E
HHE S, = V)V, BARBERRBN 2] BFA o =
(21 72,78)s v = o MHEAIH & 5504 PV BURE (WL AE

MR AY N), A E(32) 75

, 1 ,
Vi+ fo = N Zf(-r,hl‘jz'-r,syfﬂ)f(l 110 X 2, T3,
4=1

11,4) (33)
iwj (r,l X,20 T3 1,4) &(1',1 .r',z .r’,3 1'14) SR R E—
B ZWEHER A T Sy, THM T EAKR

Sp=1- V.,V

Vst fi~ I%Z:f(rilrI;Zr1j3'1j4)f(11171j2711j3v
114) (34)

B, Sobol B M MBL R A EW LB, €K
BE—-TERN—KEBRKARE. MRITASZEM LK
BE Sy, i@ -~ L[ KB B — S A T E . Sobol”’
HLEITHHN A FHESHB MR EE . Pasres £ H
Sobol M — P ZHBRKEERLBRRATELLRARK
Eo, FRERY, S ARREMBNKEESREE 4
PANEERR, BEREKEXRNMBERSRSB KE"
HEREEEW N E Salvador %! Sobol’ 3 %t Rothermel
KAEB RN PIEHEAKRX N AN 10 M3 E#GF2RR
WEST, ZREXH, KASH T YEREIAEEEE T
SRR LS RS LR — S EBEEN K™
MBI MEWEBE/N MEE 7TAZENEMBLIE H
Fh, Sobol" PR EHW S AW B R UL SHEMERAK
BESH# 8307 WA Kohler 1t Wirt! It — KA S £
SR (AQEM) # 17 R 8 o fr B, GBS R AR IL

A, E—HERER PSR ARZEHELE M TR,
1)E—A%&%ﬁiﬁbu(iﬁ/1\)so% 2)B— S8 (=
B/MPENMRE R KKE/NT R RSE S TIE
i
4.2 HEMHBEERARERRY Bk

Saltelli #4585 Sobol” 1 F1{H B m iE FE R BUE R R
W, BETHEMIEEABERE T B & (Eextended
Fourier Amplitude Sensitivity Test)(*3]. 3% 77 ¥ fhy i B - #6 §62
KA B RAUYBIE, B it 2 5 8B h g — 4
EUREHMHEERFIEEREROFE.

RBAERBERRY, HE 5= f(r,, 22, , ) T 554L
Hy=fs) ETHEH TR

y=f(s)= :Z?mlA,»COSjS'i'B,—sinjsl (35)

H

:,LJ _f(s)cosjsds,

) (36)
=i] (s )sinjsds

JEZ=|—-0c0, -, -1,0,1,, + 0}, ﬁiﬂ’r?&ﬁmﬂﬁ%m

HEXLH A -—AZ+B,2,KFP,1€Z A_;=A,B_;=B;,A_;

= A, HEH «, Tﬁ%zﬁﬁﬁ%li@&ﬂﬁﬁ“%ﬂ’]?&‘%

V= EApu -”ZApu, 37

pEZ

Hep Z2°=Z- {0} . BWIFER
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V= 'Z;OA,=2_§A,- (38)
je =1

Xt s LR - x, n A FEIREE:, B K BHE -2

SRABE, ZYGETHE, i T A ETLLIRE A M

B

J

A= a2 f (s dcosisn)
1 Ns (39)
Bj = Ekgf(-‘k)cos(jsk),fez

e, Ns R, Z = | - Bt e 10,1, B
CZ,Ns RAE(12).h A, B, RE® o, FIX A5 %
w;, BEHNE(37).3R) A FBE—IB2BEMNTE V,
EHMBLRHREFE V. EIFEQ), AFANEBSE—F
BUWREE BEHHS2H -, MEREERAEQ9)),
IS o, BE TR, TTABRANFARESHRE
—MARRHEE o, EL I H w'; & pw’, EWFTA R
HAETRIMIE V_,, EATK -, MIFHSH RN
EXANER. FUSHM +, WERBE Sy=(V-V_,)/
VHESHMBREELA L, RUKBEH -, WAWE
HXHEGR AR ERM HME.

EFASTHH S EZETHITHFHEEL Sobol’ ¥/ 8 %.
Sobol' BMERKBHEAEBAENSHH KA HEM
MRME, T EFAST AEE—RKIEH TR FEEREANS
B — KA B EA B RBEE . EFAST M1 Sobol ' i E R
W EMASERAMELHN. BT EFAST EABY Y R
BT LaRig - E RS B SHBG BTSN
o R P TR R DL AR

s B 2

AT R A S T B — AR R S
ERTHREENEENAG MELSHUMER, £45
BREMAREAFOUREEBEE R ANENNES
R R B R —, LR RSN, I
HREHATHGLAABEN, BETERTHETFH
THEILFEREYETE AR T BT LR
T ST (B O R B R Tk ) Mk AR X T
ESHEMEEREERR S TH AR EREE &
B4 5 FUBUE 50T 4 44 R R BB ST 1 ATV A R A, fE
EASER PR ARIRES S FENESHE AR
B, KERRT RIBRABUE ST, £ W22 BE T
MARE A ERAE SRR RMES T TN R ER
W, AR T 4 5t AU R AT A0 T SRR
5.1 BARME

TS B R BT S TR 2% S B R BUE ST AT A
Mo ERE TR E L B R B 7 (L iR
REE DR BN Sobol’ ) BHETREBE— 2%
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