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Estimation of net primary productivity and correlation study with climate parameters in Jiangxi Province using the
enhanced CASA model. LU Tie-ding'?, ZHANG Yuan'", ZENG Si-ting!, TAO Rui’, TENG Yue* (1.School of Surveying and
Geoinformation Engineering, East China University of Technology, Nanchang 330013, China; 2.Key Laboratory of Mine
Environmental Monitoring and Improving around Poyang Lake of Ministry of Natural Resources, East China University of
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Abstract: This research increases the accuracy of Net Primary Productivity (NPP) estimation in the CASA (Carnegie-Ames-Stanford
Approach) model by refining the calculation methods for solar radiation parameters and water stress coefficients. Based on the
improvement, correlation and trend analysis of NPP and meteorological variables were carried out.Following model optimization, the
correlation between NPP and field observation data improved to 0.62. From 2001 to 2022, the annual average NPP in Jiangxi
Province increased steadily, with the average value exceeding 1000gC/(m>a). The monthly NPP values were in the following
seasonal order: autumn > summer > winter > spring, with July having the highest value. The highest and lowest annual NPP values
were observed in 2018 and 2010, respectively. Trend analysis and correlation facts show that, despite a decline in solar radiation from
2001 to 2022, NPP changes were not considerably impacted. A least-squares regression model revealed that NPP increased with
rising temperature and decreased with decreasing sun radiation. Despite recent increases in extreme events (2019~2022), there has
been no notable decrease in NPP levels.

Key words: CASA model; net primary productivity; solar radiation; climate change; Jiangxi Province
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TR FE I A = B (R B AN . AR 2 e A
ity AR O ) 5 > HL g A AN A ) i I 2
K B 3 28 M 45 >k O Bk ik, DR b S 4D A 20 Al 4
NPPE s sy —Fofvs WL AR5 92, H R Rk NPP %557
VEOREOT 43 g By AN B v R AR T AR ALV I NPP
A 2 20 I R L JReR AL 4t
THAR A A0S Hcp e S i R AR 2 — I BE A
JH 2% % (Carnegie—Ames—Stanford Approach)#i7i>%
B2 N T E 0 - BR 2R 25 R G A 2R I R A
fH A 1 E A FE . CASA B S AE T 4550
AT S8 WK 485 8 (SOL) D6 2k it
1 ELAGI(FPAR) 7K 43 Tt B o 38 [R5~ Rl i KOG RER
FH 228 LRV H T BRI 16 NPP RBP4 52 />
WOV B B KB RER 2 0.389gC/(MI) I HAE
FEANTE F TP [ X T X — R,V 2 24 5 AR 4k
Xf CASA B SHEGHAT TARALFIRRIE. LALIE— D 4
AR TR (10 M 45T P L K 0 A, R S S 2 I
T NPP SZHW I 5 | AN B 78 75 70 R8s Bl i K
JGRERH 2k AL 5 NPP; I3 i v 55 N BE T [ AR 2
G 5T N 2% (CERN) 4l 45 & -+ 78 5 200 0 1%
25 CASA BT A Bao 25211 wu 258143 3]
) FH b 22 365 98 18 B (LS W) A1 i 98 21 4+ 33898 )5 48
HPSIMI), itk CASA BERL AR (KK 23 Jpats 2 ok
5 NPP RS A Zheng #5112 T FPAR Al
A — {0 A Bt 45 2L (NDVI) 2 18] [ 2k P ok &R, RO
FPAR LIFETF CASA FAURs .

LA CASA BT AE AR [ A g S TS e
BNz, HL NPP Al RS B A 8 = HAE S B
I AT TR 5 22 AN Aff s ) R, 046 S B0 L 1Y)
I PP BhasPE . AR S5 1 52 28 M DL RO S AR TS
5t N NPP i WAL R AR 40 45 R T b, AR SC AT
PUAA AT X I, i X SR A 2R Y 2 A HE AR AR
A AR A 2 P AE S R G W0 NPP ARf A B
TR A [F) A2 25 F 400 A5 A8 A0 B B g 7= Ak <4
I S AT o) A A Al L A Gl B IAN & &
H it SOLARFLUX Z 415 SOL, I K H & %
2141+ 35 FE 45 BUF TerraClimate B0+ 57K 50 Wy
18RS DS S B R VTV 48 X 3 SR R AIE
(A FH . ) B 38 sk 8 0153 B A Theil-Sen &2 204t
NPP 5% K1 I AH OGP R 8 40, DA TP
B NPP I HOOE A5 AR AR B i =421 (10 i 33X 4

FEME Pl S INAF BTG 48 XS RAFAL ) NPP Al
BTV, AU IR NPP Al LA i AR T4
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1 MREX57HZ

1.1 WX

TLVG 4 A T op [ 2R w8, db 4 24°29'147~
30°04'43" K4 113°34'18"~118°28'56" 2. [, S [fii FH
£516.69 J7 ke, Wil KT R 97 10 R 2 8 R I A
7 AT I S A, T 2 5 T vk K 2RI S, 2 A
1 e R e I B v i R S5 5 R T 5 4 80 Dy v
13 AR 77 X 22— BTG, B T 7 R
Hh (HAEAERZ S SR BT m . YL R,
RNV FN 856 R R %52 Pk
1.2 B i WA AL 2

TR SE A (B 8d A )MODO09GA
HI MYDO9GA (%5 1) 43 1 % 500m) AT 2L/ B 41
BB R LA AR S 2K, Bt F T 2 pr ke
B AR BLANG A A 2R S L DEM. 0
STRM-V4(“F [0 73 ## % 90m)F1 Copernicus DEM(“¥
[ 20 #E 2 30m)FH TS AR 4l MCD12Q1 i
S5 BUE CS I4r MR 500m) T E AS [ A gl 2R
oy A 2 FE 4% R Hb DXCRIF 5 A 75 21 56 30E A1 FH 1)
TerraClimate #4181 $ (it 5 de i 1) B v 20
S (I PER 4638m)Hd, S HL A f KR E
e /NI RS A . BRSO, TR S bRk
AR % L IR IX e 53435 T GEE(Google Earth
Engine) 3 & 2~V & EAT £ A BRAN T 48, 4 S i
W Bl AT A LR S ERGE N WGS 84(EPSG:
4326), BEAT EE K HE R EE R AE N 500m. B )T,
MODO09GA Fil MYDO9GA & 5 R Hd B8, & 5
RO A Bl ¥y A B O A BB BT A
MODOSM3 [P =l (23043 #F%4 500m) 3= 2
HF arcgis # SOLARFLUX #%7%!(Solar Radiation
Flux Model), i [fil & 2 50 (32 5 L RGE 5 %) 3 &4k
Aoty 55K B A S, A e U T 56 1 B A S R R
(NASA) Ml s 18] 24 2001~2022 4F.

NPP Edfet AT A8 F 104 52 000 50 4 = ke U
T-rp [ A A RGO 9T W 4% (CERN) (49 M T 3t 2 264
B AN HH PO A I A VL VG 48 P E
AT A Wy W S BRAT B AR S A 7 D) (GPP) S
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NPP b A51(0.47) i 5t 5 R P 5 49 U RE A oA
B NPPH T At NPP {5 SRR (U0 UE. A T i okt
A BB 5] NPP 9 B AN o2 1 e iy
K[ i) L, A S — i 5 MOD17A3HGEF #df
SN TR RO 1a, 25 R0 Ry 500m)1xd Lk
Uk A M fh OB Y MODITA3HGF 4
MYDI17A3HGF (43516 NPP B8] GEE #:47
SREUFI AL, MOD17A3HGF %9 5 7 4 BRE [
P 149 22 TIE 9 AR A3 21 T B0 AIE AT 22 A
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X BHAE S5 800 < ) O IO S A et 1 | 5% 2R
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B LR AR AR 2505 (2017 41 VL A2 253465(2002~2020
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ff LRI S H5 0 B A e I 52 B W) 3 AR 0.

FEAH VU V5 48 AT BUX R AR SRR 1
PRI B REE B A S R R g
1.3 CASA FRL{4 5 NPP

CASA BIMIZELZIES 5. IR L3RR &,
DRSS 40 5 6 5 A 80 S (R W, 4 L8 4k
AR A B Rl O A A R

NPP(x,#) =0.5xSOL(x,7) x FPAR (x,#) x LUE(x,?)
(1

L NPP(x, 1) A LE ¢ HAL TS 5 x [R5 2R 7
71 gC/Am?);0.5 FoREPILE 0.4~0.7um P K8 A B
g W R4 56 EE 4815 SOL(x, 1) , FPAR(x, 1) 73 ) N AE ¢
JFIRET W x BRI B i ML/ W A 1 4 2
HRFTEE; LUE(x,0) ALE @ HAL T MHE x SEBRGReR]
H #%.
1.3.1 [ESH GG AR S LLARSE brot RE R
R AR SR A 26 8 Sk 5, S B e eI T
RIE ¢ AT WA x SEFRGRER R, LA
R
LUE(x, ) =T, (x,0) x T, (x,t)x W(x,t) x LUE,,x  (2)
T (o t) T, (1) A2 B 38 IR, 3 Sl 37 o
L AR G BER AR IR W, )R " qE + H
PR IE x BRSO I8 RELZ SR AR IR
N A FEE A 520, /T MCD12A1 7= 5 Hfts £
iR 2 L 1) AR L T R FH AR AR B A T
KX o N RTE N A 004, LUE, T 70 FAR 46

PR KRR IUE (R 1.

F1 KRR ABENE
Table 1  Values of light energy use efficiency

Type B3] LUE
1 AR AR 0.389
2 W R AR 0.985
3 TEW BT AR 0.485
4 T i A 0.692
5 WA HR 0.768
6 B PAREA 0.429
7 FFICREAR M 0.429
8~17 oAt 0.542

1.3.2 CASA 2% SOL %KM arcgis
(] SOLARFLUX K/ 201145 SOL $irffs . i A 4
TR m AR (DEM)RE B il 5032 DX P 11 K
PHAR S, — NSRS KA diE MBS R
PR 1 5 7 FH I8 S B RS B 2R 2 500 5 1 KR 4
P 1 SR AT A RS> MODOSM3 2
R KA SAFATRI N 10 N5 2% 3
R 8,251 1A /T k) 3 SR i 1 St Ll RT3 B % 2 H500EA T
k¥ . fr DEM ##s I, A H STRM-V4 Fi
Copernicus DEM #(4f5 73 7l {: SOLARFLUX #5411}
O o S e — PR NS A

IR 3 o XL 5% M R 5 e e ] R FE K G ko A
N R E SR AR N A = 5 s
SR A2 P S o 25 K B (BET) MV 7 26k 5 (PET)
195G & VT K 3 1 5% ) 28 550 4 4 b 3 1 4R 4L
SIMI HL AR5 FE 2 2% Uk 2= 22 251 R o KRR 0
PTG R G R K B R O e e R
3K P A 19 7K 43 ok 3 R ) R BAE N
15 3 el b B X AR, il 3R 5h CASA ik
4 NPP.
1.4 FEEEVEM

FIH 3 AN BEVEAl H bR R PFAil B L (A -
75 FR5 72 (RMSE) P8 S35 2 06 5 7 (MAE) P8Vl iz
IR R BRI RMSE. MAE [I{E#/)N,
W W R TR RSO R TR BT SR o) {1 K 3 W) e A
TR i) P X P .
1.5 il Ikl
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1.6 Sen ## /3 #1Al Mann-Kendall £5 5%

Theil-Sen ¥ 3#7 & — MA@ IS E St
(IR 577952, T Al U I ] 3 Hp 2k
P 0 TN A S B Ak VTR A R A% TV R
SE BJCH A v 0 7% e B I (R AR A 1) A 34t B Bl 2R,
Pt — NG AR A B K 42 A 11 ;Mann-Kendall
J7 PR R e o A AT S MR X
Bl 5L 2 AR S E G 7 1, AN 5 B 1S R
R 93 A1 AN B2 S AR ) R i3 T T A R IR S 70 AT
R v EE R AR

(DU Sen BEE 1 b A7 H AW I 8] 7 51 ()

.

B =median(l;:fj VY, < ]} (3)

A H1:2001<1</<2022, 1, Fly; 53 HLEB )P HIH S i
RIZE jAEERE;B T 2001~2022 4E ] (AR
W B (AR, /E R Sen REZAG 1T .

(2)Sen hF {0 2 PG B0 AR B v A7 BORE R pAG T
ST I T 9 PO 324 >0 =0+ B<0 B4 i) S
TOIXTE] PR AR 2R EREES fE.

(3)Mann—Kendall K341 40 15 SArELSE
T ZARYE Z B Ko (U158 2), KN ] 7
Pl P R e R Y A R

AL E BEWAKY a FEESMRPER
G FUE Z, ., - HNZI< Z,., . B B2 S B, R AN 1
F R G WA K S A B HEKF 0=0.05, )
s S Z,,,, =£1.96 W&, Z M4 {ERT
1.65. 1.96. 2.58 I, L7 sy i 5 B2 90%.
95% I 99% (1) k- 5 1 A B, 1 34 ol =85 1Pk 1 H BT 779
ik 2.

*2 REMOKFHETEEFIEEREEER
Table 2 Significance levels to determine the significance level

of time series trends

Vi Z Ju 25 HEARHE BEMKT o

2.58<7 4 GATE S| 2F0.01
50 1.96<7<2.58 3 SR 2T 0.05
1.65 <7<1.96 2 (TS T 0.1
7<1.65 1 AEERN KF o1

=0 7=0 0 Tk
7<1.65 -1 ENTE Y 2 KT 0.1
$<0 1.65<7<1.96 -2 (G e Uy T 0.1
1.96<7<2.58 -3 D 2T 0.05
2.58<Z -4 TR 27 0.01

1.7 T54a%

Fr #E 46 B 7K $5 % (Standardized Precipitation
Index, SPI)IF5 %5 1IN 1] 5 51 Bodis A AE it DF A
BBE A FR) S 175 100, B o ) RUE e oK et i 5
BT840 4 AN gamma 4371 2R Je K5 AR bR
B AN B R 25 O3 A 4 o 5 — e 1) RUEE 1 SPI
B 7R I I TR) B A e 7K ) B2 AR 23 O N AR oA 1
A x . T REER W 3.

*3 SPIFRERHZE
Table 3 Drought class classification of SPI

SPI {ff i
2.00<SPI i
1.50<SPI<1.99 Y
-1.49<SPI<1.49 PR IR
-1.99<SPI<-1.50 R
SPI<-2.00 RS

2 BUEERITLE

2.1 OKPBHEE S o

9K STRM-V4 Fll Copernicus PiFf DEM
B UL A 51N MODOSM3 2 3l (R /s AN AR
SRR I8 S H R E S ) Sk 3R] BK S
SOLARFLUX A5 RUASALL K BH 4 5, 55 S o AL 40 45 SR
a3 5 G e BRI A T ) TerraClimate K PHAR
SPERREAT LT SOL U4 3 5 BLA 1< 54w 4
Sl ) SR P 0) L 5 SR N 3R 4. [ 0] Bk 54
P R (AN 22 1, 8 A R TerraClimate (45 4t
RRAUL 28 R IEAT HE— 20 I B0AIE, 45 Tk 5.

x4 TRESHETSiastuh S HIERBE
Table 4 Comparison of data accuracy with radiation site data

for different parameters

SCiR data R I(%) RMSE [(%) MAE (%)
[27]  Copernicus 0.895 / 0.154 / 0.123 /
[27] STRM-V4 0.896 0.08  0.154 03 0123 03
[28] STRM-V4 0948 590 0.079 -488 0.062 -49.8
[28] Copernicus 0.948 5.88 0.079 -488 0.062 -49.7

500 2% SORR 8, 2T AT AN IR R A& A &)
3 R HI5y Ty 10 AN = BIBIR). SCHR[8 )R E
IS EERE ST 450 5 0.6 AT 0.2, 1 SCHR[27]
B 0.7 F10.2 3R 4 RIS AT, AEAR Al K 2U4%
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11 1) 2 30 (1% 53 L AE 5 #2) %1 43 ,STRM-V4DEM
AHEE T Copernicus, 75 & PR 48 FR 358 s, ik
Rig K2 5% 0 AT TerraClimate 4§
Pk LI 7R AR R B 45 R, 226 SCHR[8] 1 2 k47 5K
56 I LU SR [27 VRS B B vy, DRI e, AR SCE$6 STRM-V4
ORI 4B Sk R 5l SOLARFLUX B 14
SOL.

%5 5 TerraClimat #{IEE W IE(E TiE5 U S)
Table 5 Validation with TerraClimat dataset (based on

radiation sites)

SCHR data R (%) RMSE [(%) MAE (%)
[27]  Copernicus  0.915 / 0.149 / 0.11 /

[27]  STRM-V4 0915 0.02 0.149 0 0.11 035
[28] STRM-V4 0957 458 0.077 -48.1 0.06 -464
[28]  Copernicus  0.957 4.58 0.077 -48.1 0.06 -46.3

2.2 NPP i

*6 FATEHEMITEARRIER G E NPP
Table 6 Model-driven estimation of NPP using different data

and calculations

CASA . .
AR L W(x,) FPAR LUCC Tg Tg,
CASA TERRACLIMATE (] AR &%
srad Hh SCHR[2]
CASAL TERRACLIMATE () AR &%
srad Hdh JCHR[16]
EF STRM-V4 FiI3L " MCDI12Q
o . /e
CASA2 RIS R A% A% . 1 HflitE A X%
fERILFEKED  SCER[16] [14-15] R 1 E SCER(2]
SOLARFLUX #i% PR:s

1$ STRM-V4 HI[8]

RHIIR ARSI A XS
CASA3 o

{385 SOLARFLUX 3CHik[2]

B

7t FPAR. T. LUEmax 2 ${ [& 52 g4 =, @it
M8 CASA B ) SOL Fl W(x, 1) 2 $ (1) J5 vk
SCHE ARSI 0 6 BT ASHIEZT Fh () Sl %
Wi AR D (n=9), K H RMSE Al MAE K 5 VEA
fa b o T 20a RA H AR AU R ) K e, T
AR T 70 5 S O R L SR R
HaZiR ZEfabr. 105 4 IS (CASA. CASAL,
CASA2 . CASA3) . MODI7A3HGF &5
MYDI17A3HGF fJ#4{. MOD17A3HGF 5 5%
i BRI M 4 SR o R 7,CASA3 AL MO/

YD17A3HGF(MOD17A-3HGF 1 MYD17A3HGF
FI¥IME)TE 2001,2009,2017 -4y LA dt— 20 (56 AE,
S5 WK 8 Pror. & X AN [A] CASA B (1R AH G 7
I3RS A I, A SR A SOL AT W, 7)
Zx R J7 vk 0 B RS ORS R R 3R w2 T AR M,
CASA3 AL PRS FE LE A 3 AN BT vy DAL otk AR
SCHEFT A CASA3 7E2 CASA #AAL S H
NPP 47 F—2 507

RT SIEIE NPP(=)HEXIE
Table 7 Correlation with field data NPP (n=9)

IiH  MODI7A3HGF MO/YD17A3HGF  casa3 casa2 casa

R 0.562 0.590 0.628 0.352 0.372

T CAS AR (1 A7 TR 4 24 0,8 250 S5 S B5e4fs (1 AH 2
.

%8 5 MODI7A3HGF #1 MYDI17A3HGF ¥{ERIFEE 1T M
Table 8 Evaluation of precision with mean values of
MOD17A3HGF and MYD17A3HGF

A CASA model R RMSE MAE
2001 3 0.56 0.16 0.11
2009 3 0.23 0.46 0.43
2017 3 0.23 0.35 0.28

3 NPP sh&E R SRR 774

3.1 NPP S/ PE ) 8] 43 #r

2001~2022 4,71 7545 NPP S B i 2 11 4E Br ¢
g, 9F B AEAR LS R 1 FTR,LFE 4 NPP 4
YRR S KA 2 TR RLR G 0.89.
SRS 4 1) B AR HE BLAE 2018 £E(996.082C/(m™-a)),
e/ ME HBLAE 2010 4FE(711.30gC/(m* ), 2 {4 4% 1
L F] 284.79gC/(ma. BEANBF ST BE T 67 T 400~
1000gC/(m*-a)[X [ () +- M AR 2 (5 428 2/3, 34914
£ 900gC/(m*-a) /i 47 YT 7645 NPP S 3 H i [t 2
WA EFH NPP H IME R I ) K> >4
ZE>HEE 2),5 90k 887.61,670.42,157.93,
3.81gC/(m*-a), 2, A (Wi BL4E 7 A
(342.95gC/(m*-a)).

BT 50 3% B K BH 4 S &5 B 7K k2 ) A7 1 B ) ¥
JE AN 2001~2022 AFVLPE4E H s/ MEE « H T3
& AR JERRBHERE S S5 NPP AH K REEYL
0.91, I35 IEAHOG(FR 9) AR Z T, F/KE 5 NPP
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FHIE R ECA 0.362, H AR ik 8 2 A I, (0 T AH S 1
308 A TR R OK B S TV 44 B an B 3,
FH spss B0 A K BH % 55 35 {H (mean_sol)FH % /K &
(mean_pr)HEAT A XA KM M (R 10),45 KR PIK
BH 4 5 5 B 7K 8 2 D) A A IR e i 200 e v e R
FHAR ST G TRk 2 A H I A8 O I8 31 i
11(0.646). 1% 3 W K FiE A Ja, 78 7K A 45K
WH 25 S5 0 A 28 AR DI A5 1 P RRE 0 A A A
KA B AT 0558 55 386 I () 15 400 0 Lk AT
B[R] 3 A

(b) FENPPELTHI B o L
100

W)

S E TS TSI TS S S
L

K1 FEME. BOME S NPP SE AR Es Ol
Fig.1 Area share of annual mean, maximum and annual NPP

mean

2 2001~2022 4 HA L
Fig.2 Intra-Year Changes from 2001 to 2022

S SIS
H
3 YLPE 2001~2022 L% 1 H I 7R
Fig.3 Time series of monthly mean values of meteorological

factors in Jiangxi Province from 2001 to 2022

#£9 2001~2022 B NPP 58S {ZE TFHAXRE
Table 9 Correlation coefficients between NPP and various
climate factors from 2001 to 2022

B RMREE PSS RO KPS Bk
R 0.935 0.936 0.932 0.913 0.362
MR R EI L 0.01 225 MY SE

#10 AKMBEFHSHEAKERNSER
Table 10 Results of cross—analysis of monthly solar radiation

and precipitation

HEIR AESAH RN SEIR BN KNE
-7 -0.582 7 -0.090
-6 -0.448 6 -0.412
-5 -0.140 5 -0.624
-4 0.211 4 -0.592
-3 0.461 3 -0.472
-2 0.646 2 -0.208
-1 0.564 1 0.099
0 0.167

3.2 S f5X) NPP (540404t

— spil  — spi3 spil2

il T

-

=
=
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2001 2009 2014 2019
£l

4 SPI1. SPI3 I SPI12 i} i34
Fig.4 SPI1, SPI3 and SPI12 time series graphs
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Fig.5 Monthly mean precipitation, NPP and SPI, NPP under

extreme climatic events
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Fig.6 Seasonal correlation matrix
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ASCH TR HEAR B K 45 H (SPL) T 5L AN [H] I 1)
JUJE(SPIT. SPI3. SPI12), HAR(ka#i gk BanlE 4.

R WL,SPIT HI SPI3 S5 BILHH JE S PR e sl (an &
4). 8 3CR) I FR HEAL B K 8 BU(SPT) VF B AS [R] B ) R
FE(SPIL. SPI3. SPI12)AR Ak 3 LUAN [ i) ] RUFE
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