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Temporal-spatial variations of NPP and its climatic driving mechanism in the

Three Gorges Reservoir Area based on modified CASA model
ZHANG Xuelei, XIAO Weihua®, WANG Yicheng

State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower Research, Beijing
100038, China

Abstract; Net primary production (NPP) in the Three Gorges Reservoir Area (TGRA) during 2001—2015 was estimated
using a modified parameter CASA model. The spatial and temporal variation and distribution characteristics of the NPP were
analyzed on annual and inter-annual scale based on Sen’s slope. According to the correlation analysis method, the driving
mechanism of climate factors to NPP was discussed. Then, the NPP in the future was predicted with climate model
simulation results as input. The results showed that; (1) from 2001 to 2015, the monthly value of NPP in the TRGA
presented a single-peak seasonal variation trend, reached its maximum value of 160 ¢C m™> month™ in July. The annual
variability of NPP showed a rising trend of fluctuation with a small range, and the multiyear average value of NPP was 727
¢C m™ a". In terms of the spatial distribution, the main features are higher in head and tail of the reservoir, lower belly of
the reservoir and higher north of the Yangtze River than south. (2) The NPP was significantly positively correlated with
precipitation, temperature and solar radiation, with the strongest correlation with temperature and the weakest correlation
with precipitation, indicating that the vegetation productivity was more sensitive to the change of temperature. (3) In the

next 15 years, the multiyear average value of NPP was 859 ¢C m™ a™', showed a slight decrease trend, with a range of
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4.14 ¢C m™> 10a™". Compared with the current situation, the NPP showed a certain increase in the future. Generally

speaking, the vegetation in the TGRA was growing well and developing in a benign and stable way.

Key Words:; net primary productivity ; modified CASA model; driving mechanism; the Three Gorges Reservoir Area
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B0, 255 R CASA BIRLFT VPM AR 7RG 00 RE X OB RE R AR T T IR, S KOG RE R
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YR TR ER T i B B A AR ST A X2 1 Rt X B ) A S R R A AR SR E K A S RS
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F R R SRR KR A AR SCMKE A K TR A R, L 2001—2015 AFEIK SR
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Fig.1 Location and sites distribution of the TGRA
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HadGEM2-ES A8 FUR LS Sk 4707 I, EAARAL IR W22 3Gk ) 1T IE 5 BB K B0 5 1 sl (] 309 S0 0
MR HAE 0.8 LUE FEAHE R ER
212 R
A SCH M Wi ZSE B A%, 4 )& IH — AL A 86 20 ( Normalized Difference Vegetation Index, NDVI) FIAH g2
RIPE . NDVI S [ PR L Hm A A — R plis 25, ol FH T g ke o AR ROTR S B 7 26 B A M Bl s fE 0, B
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C/MI) , BT EIEINT
A ARG APAR HOK BH SR S AR IE 2 it A S F
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2 SOL(w,0) Fm ¢ HTERTT « AL R PHEER S 5 (MJ/m® )  FPAR («,0) 2 0T A S0 6 i S
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SEFRCRER R & BELZIRE AR B /E A A AR .

e(x,t)=T,(x,t) X T,(x,0) Xx W, (x,t) Xe&,, (4)

K, T, T, 53 A AR RN e YR8 TR W, R oK o3 Tl TR, OB 43 25 I S s &, O BRARLRAE T B
FOGREFI AR (g C/M)) , BUE AR R AN 5, ASOSRBARIE e, G2— 7 0.389 ¢ C/MJ 47 T J#%&
15 W2 2% SCHRE
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Sen AT T 1 22 AR A B — R GE T vk, EE T A B R A AR BRIE R . AL
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3.1 =WRZEIX NPP 2 BRAE S0 Hr

2001—2015 4E[8] NPP 4 P S AR FRAR (L 38 an & 2 firas , i B T, 54 AR IE SR, NPP [R4F N A8 1 52
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FYREH NPP EAMR AR, Z4E H MR 12 ¢C m 2 H ™', NPP [JUAEPUERIE AR EE T 098 X8 18 ki A K
JI2E 5, W2 2GR KoK 43 S AR 76 SR i S SR 7Kk A5 R R 3R A SR [l R ARLBE A K ) Bk, NPP
R, BRI XK, R — B E KO 5, AR TR A K SUFERERIERE , NPP 24
SEE g 727 oC m™% ™" S AE AR A 0 926 gC m ™ a™ #1562 gC m ™2 a™", 43 B & AT 2011 4EF1 2006
L, FEGITRT BN NPP B8 B SRR — e R R T BRI

EQ 250 —— NPPH1H NPPAEAE  wreeveene S bE(NPPAE() . i
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Fig.2 The trend of monthly and annual values of NPP in the TGRA
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10a™" Z 0], 25 [ BIE 2k 18 oC m™ 10a™" ., AR AME B2 AR XT3/, H YA o B 35 MR 56, U B BIF 5 X NPP 7E
2001—2015 4E[A AR A B2 weas ()43 A6 11 75, NPP 38 iR 3 s R i) IX 0 32 B 4 v T 128 1 2 B 2R b IX )
KITWI R X3, DA PR AT LIRS HBIX [ 1988 4F LI, =k o X AH LK IFJ T« KITRF Ak TARE” |« KRR
Py IBBRAM” S UGE A S TR R RGN, AR SR DI, X PN AE B, NPP 3 52 3 ik
RINGEE R LA, =g P X b B LA R it B 32 408 DX 340 K ) HE R AR 1 AR K AR A AE B R TR (A 2
X AP ZRFRAN PG X NPP & A i 2 1 ke $he . NPP iy DX 38 3 2 43 A0 T 26 1 0 22 R o b X, % X 32
BLRIRIX, 2000 4 LAJE ST AL RR R e E , R b T BUR WY ik, S BUE SR, NPP /b

NPP/(gC m2a™)

m 2121
s

0 160 km

Senf}#/(gC m2 10a™")
Il <0

1 0—25

Bl 25—50

I >50

3 ZIREEX NPP HIEEFHRET Sen REFITHZ=E 2%
Fig.3 Distribution of multi-year average NPP and its Sen’s slope tested variation in the TGRA

AT NPP W3 AR RFAE (B IT , 5 H i3 i R AT T X b, Bl 56T CASA ABERINT =0k )%
X 2000—2009 4F[H] 1) NPP #E47 745, 25 B TEREFE AT B A NPP 238 e #h (A G REL /N BA R P12
RA, HARICHKT NPP 2R 4516 —3, JEIZLL ' % 2000—2015 48] i) =2 JE X i NPP ¥E4T T HFSE,
Ak NPP &t g & i3, 2 i TR 2000 ,2005 ,2010 & 2015 4F2KAC 3 2000 4F LIk A fL#a 3 BIF5T
ERAFAEBER AT E M, SR SCEIRAPAE— & 2257 . WL LLAG B TS NPP AR H A T 528—602 gC m > 2™
Z A BN G TR A K2 (3—11 A) i 2 NPP 58] NPP (UL FHIME A 487 ¢C m™ ™' i T4
I BEAS — | 38 B SR R S o ], D B B 22 5, 25 SR AR T AR SCI I 9T, Ak 2 53 7 AT M B
FEI S5 KR —30, W# T NPP A EFHERZ5 SRR W NPP H (2810 5 Je 3 5 s i R ik, JF7E 7 A ik
WA, 12 H 5 1 AEE/N, SRR 3, 28 LINR AR SCCT NPP IFR 45 R 5 i A A —30 IE T
ARG AT SRR R
3.2 ZUREX NPP A ARIRSIHL ]
321 SMEERAERHE

SRR IX AR R A AV IE LT Sen RERAYRIRGETHNR 1 7R, BT H1,2001—2015 4§
6], BF5E X JE K B 2245 - 2408 R 1130 mm , Z8A0HEE Ky 32.32 mm/ 10a; FE X B4R 17.13 °C |, Geitita B
NSRS IR N A IS IR N 0.19 °C/10a, X —2518 5 4 J5 2 BRAR R (s A AN H, il G 5401t
F B R M X 25 S A 5 5 R R U/ N 3 /N Rl 8.41 MJ m™2 102", S50IR AL B o RR .
PRT , 7E 2001—2015 4[], =00k 28 XA S i Ak S BRI R REE K 1) H AT T4 SR 300/ Nt 8 et

F1 ZIEERXMEK,SEMSEEHET Sen HRMITIRSIT(2001—2015)

Table 1 Sen'’s slope tested amplitude of precipitation (), temperature ( I') and solar radiation (R ) in the TGRA

P /mm T/%C R./(MJ/m?)
Z A4 Multiyear average value 1130 17.13 2299
Sen £HR Sen’s slope(/10a) 32.32* -0.19*" -8.41"

# It 0.05 BEMRL, + + HiET 0.01 BEMRR
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FERE B A 77 0 RN A W ) BB 2 A B A B 2% A ) R, 308 32 8 % K AR 088 2 A B NS0
SR BB > AR KL AZSTE Sh 4 s R LA KSR WA R R AR A b IX., 7K SR 1 A4 56 i e e
PEAER . V2 A A BRI LU B B K 28R e R N B Rl g 9, Rt , NPP 53 K 1 9 A
L FR R ML 32 B 2 e Y RSO R E) Sk X AR B U S A0 S, ik NPP SRR K R
AR I AR S B R R Z A R R TS AT,

K 2001—2015 4 (8] NPP [7K AU e 55 22 38 1 A (E AT 4 M 10, 45 81 NPP 5 4% A0 711
FHCFEEL, W 2, MR, NPP 58 BERZ BB RIEMIE (R, >0) ;NPP 5RO RE , 5REK IAH
MBS  FAR DGR ] 43 NPP 5 =B B WEEAHOC (R, >0.6) o R =REIX DG A JK 73X Y
T A7 DA 26 D PR E T, e OISR 5 AT . NPP 5 Bk AR B A 04 A DG 1 6 B 7R =ik J22 [X
BRI B A K AR A /N, HoAh24 35 56T NPP IR o) I8 B A B R e R Ao 0 B R W2 TR 1 K
TR X, KA 75 SRR KA R A i A A DGk

F2 NPP 5&SEEFHHEXRH
Table 2 Correlation coefficients of NPP to climate factors

P T R,

FH2e R BL Correlation coefficients (R,y) 0.61 0.76 0.73
MK AZFEE L 0.01 MR

R 2001—2015 4F[8] NPP | [7K il b i 5 25 BRI s O AR(EL, 4 NPP 5 =35 AR G AT 2
134T, DL 4, ph AT 01, NPP S5 R8RS R 8000 25 6] 23, B 1 28 18 7 DX 28 X 320 58 2 Ml X g 97 A1
AN, A X I S TEAR G, B8 AR S A DCIRAR R R PR AR X, NP5l ) AH 5C 28 80 T 2 1) DXl T AR
JE X R THT AR 56% , TR S DX 32 ZAL vh 7 A2 1 M2, 8 38 TE A O A IX R 32 20 A T AR AR 3, DAy
P, BB TITAL . NPP S5 S A A OC R 80 ) 73 5 3, ORS¢ X R B AR v TR R, FiAtb st IX 8%
SHIEARSG , Hovb 25 AR OG0 DI = 00 A TR X P e X, ST NPP 5 = A OGO R I IE 7 53 A1

0 240 km

SRR

Bl <06
[ -06—023
[1-03—0
1003
B 03—06
o006

E 4 NPP 5K, SEMEESFHEXRBN=ESH
Fig.4 Spatial distribution of correlation coefficients of NPP to P, T and R,

P. Bk Precipitation; T'; IR Temperature; R, : HER 5T Solar radiation
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AN KRB 2 0] 22 4ok 3, 0 =28 (X AE b 3 SRR B AR B R IS B R L AERT e
FIIK AR XA A2 72 7 1 5 A B A (74 2 [ S B 5 NPP 5 =38 TEAF DG 19 IX 8 o e e s, ELTE AR G 2R B0y 4
XPEAK, MR R B IEACCR, 5% 2 45050,
3.2.3 IRShIHLHI

3.2.2 HAE DGR S A AR WY, IR DX NPP 5 [0K SR A St 22 R B A B G A G, ) =k
JEIX NPP XA ZE 2 A WAL, BRFEE NPP 54U E R i Ak, A BTG 15 8] NPP 5%
K AR RIS 22 TR A [ U9 0GR  ARAE B2 A G 3R Bl R B B4R, 75 81 NPP 5 & B8R Z [ i HE B &5 ¢
RN AR R B, 45 RT3k 3.

LA NPP S SR A A R R R 2 #3 NPP SRk, SIBAUSESIMEIIEARSEXRE
6] {6 [ A X, 0 = 5 %) NPP B9F8 5 &4 g | A8

~H5  Taple 3 Regression model and multiple correlation coefficients of

5 NPP g T4MERIIAS 2] NPP 5 =F I E LA . NPP with P, T and R,

NPP=3.91e*""+1.29¢"""+0.06e"**~2.47  (7) [ A oI R
NPP %:‘F CASA *ﬁiﬂj E,:J ‘H‘%‘éﬁ:%&%'ﬂ;@gi m| UEI Regression model Multiple correlation coefficients
. _ 0.01P ]
BN RO MR R RE RN 5 s e o

WL, =W E X NPP 53 25 S R0 285 5L 0 2 AH ¢ R 8K

NPP =1.61e%13%, 0.81
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