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Abstract: [ Objective] In order to accurately estimate net primary productivity (NPP) of vegetation under the
context of rising atmospheric CO, concentrations. [ Methods] A CO, concentration factor was introduced into
the Carnegie-Ames-Stanford Approach (CASA) model to simulate the maximum light use efficiency of
different vegetation types. Based on this, the potential of the improved model for NPP estimation was
explored. [ Results ] From 2000 to 2020, the annual average atmospheric CO, concentration in China’s
terrestrial areas showed a significant increasing trend, with an average increase of approximately 2.14 pmol/
(mon * a). After incorporating the CO, stress factor, the vegetation types were ranked by maximum light
use efficiency in the following order cropland™evergreen broadleaf forest>mixed forest>needleleaf forest™>
shrub>>wetland>> grassland (1.85, 1.69, 1.30, 0.87, 0.52, 0.40, 0.40 g/M]J). The estimation accuracy of
NPP by the CASA_CO, model was improved compared to the original CASA model. The R? between the
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simulated and measured NPP values at the vegetation level and the comprehensive level increased by —0.1%
to 3.7% and 0.5% , respectively, and RMSE decreased by 0.3% to 9.2% and 0.7 % , respectively. The RMSE
of annual NPP estimation results decreased by 1.9%. The CASA_CO, model improved the underestimation of
overall NPP by the CASA model, reducing it from 10.62% to 9.81%. The CASA_CO, model underestimated
the overall NPP for spring, autumn, and winter by 5.11%, 2.72%, and 2.51%, respectively, while

overestimating it for summer by 0.53%. [ Conclusion] Considering the impact of CO, concentration changes

on vegetation in the model can improve the accuracy of NPP estimation.
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Fig.2 Spatial distribution and annual changes of annual average atmospheric CO, concentration from 2000 to 2020
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Table 2  Simulated values of LUE,,, at various fluxes observation

sites

LUE,../(g* MJ]' D
CASA CASA_CO,

i YRR A%

T bR b B 60 0.28 0.42
R w6 T 24 0.32 0.45
A H 48 0.18 0.28

JTiL B 24 0.27 0.38

T AL b 12 b 36 0.28 0.40

1AL T 60 0.40 0.52
THM B bR 60 0.73 0.89

I £l 36 0.73 0.88
S L HERB N 60 0.74 1.08
KEl o/ N 60 1.03 1.50

fESpye A H 60 1.14 1.72

K8 A H 24 1.12 1.64
WL E S A 36 1.16 1.67

PUXURAN B i i A 36 1.18 1.69

®3 BHEWHER LUE,. EME

Table 3  Simulated values of LUE,,, for various vegetation types
— o LUE,..B8E /(g » M]™H)
CASA CASA_ CO,
i 96 0.27 0.40
T Hb 36 0.28 0.40
A 60 0.40 0.52
Bt Ak 72 0.72 0.87
TR AR 120 0.90 1.30
4 E bR 72 1.17 1.69
4 | 48 1.22 1.85
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Fig.4 Model NPP estimation accuracy comparison (site)

I3 5% CASA BERIUFT CASA_CO, B %6 A 5]
AL NPP A {8 5 52 NPP S48 o 17 b g (&
5) KRBT ST PR 7 R AE g AL, R CASA
CO, BRI ) NPP 5 52l NPP 2 [a] % £k 14 7] 19
LA LL A CASA BRI A 1+ 1 4%,

PR 2 A BRI X 25 A Bl 25 D NPP B8 SR 1Y
R*F1 RMSE & B, 85 AU XF A [ 4 9 25 AU 19 Ak o 20021
HA 2R R4 WK 0.654~0.941,0.659~0.941, RMSE
ARk 9.74~50.84 ,9.66~50.36 g/(m’ *» mon), H p {H
HB/ANT 0.01, WA A BLHL G5 R B o AR, Horp
T | AR IR M A SRS BE AR LR > 0. 850,
RMSE<C20.00 g/(m? « mon) ], 4¢ [T 5 4l 50KG ¥ B
ik, SAH B IS 56 FE A CO, MR AR 5 RECH
0.26%~3.01% . PR LL AN . CASA_CO, AL R*
HBR T I CASA IR, 48 74 0.1% ~3.7% ; CASA _
CO, Ry RMSE #5/NT I CASA #5571, A% 0.3 % ~
9.2% , F W CO, Wi I F 19 51 A I8 42 = B AL St A [
W NPP A

FELEA KT b H A 2 A BB £l 345 5 (L 6)
R 2 AR ARVE AL AL 2 K NPP, 43 5K A4 10.62 20
9.81% ., H, HFEZ0HMEA, 5.31%0,5.11% . B =05

i 0.21%6,0.53 %% . Bk Z= 53 HIRAL 2.93%0,2.72 % . & Z& 5%
FEAL 2.59 % ,2.51 % AL B Z AL 48 S e A,
Tf 7%, M CASA BB, CASA_CO, BRI R®
K 0.003 8, RMSE J# /> 0.21 g/(m® « mon) , ¥} 2%
& NPP (ki 50KE BE 0 &y, R W] COL B Y 51 A — &
FERE | ok 3 LRI NPP AR AL .

# H NPP Z 15 245 NPP, H#8 2 44K I X 4F
NPP #9458k B (K 7) & B, CASA_CO, £ B4k 54 (1)
4F NPP 54F NPP SEl{E 59 2] 5 B 2kt CASA BRI
FHAE 1 12k, H CASA_CO, B EI ) RMSE [, CASA
FEAI/N 2.94 g/(m” « a), £ W] CASA_CO, #5 #I Xt 4F
NPP F Al K5 B i T CASA AL,

3 3t g
3.1 LUE,. &M R E %

AARFGET R BT, MBS 28K 45 LUE,, 4 ok
AN 7 M A RIS AE XA T A [ 38 2 0800 3 Y A
[ A B 2 A1 LUE,,. #E47 B 400 & 2, B 1R A2k LA
Ab R EF AR A R E St R MR 7E R [R] S
Wk 530 LUE,, AU A #8300 . TR 28 ARAE &
LUt AR 1 L3k (9 LUE,, B3 43 51 R 1.08,1.50
g/MJ, B R 22 55 04 R IR A B 2 A Bk A 2SR FE AN
] o Ll R0 F L 3l ) e 28 0 43 300 AT 40 A
AR | TR SSMORT R S L 3 I I TR SR L
Ui 1) LUE,,, A A0U{E 422 305 £ i ksl 5 i B BL0E (T
JH 0,89 g/MJ, FEH 0.88 g/MJ), K 111l % iy
LUE,..BEME 322 35 T % i i it ARty s a9 A S0 0E (O
A2 1.67 g/MJ, PE AU AN 1.69 g/M]), X 7] fig 5 1R
SEMR SRR AT 1 A G,

AR 2 3 %) [ — A gk 2 7Y LUE,,,. 8 /9 B 0 45
A 25 5, — 43 S DR AT e 0 Ol e R T R A
SERI AR 5 ) — B 0 R IR R R4 38 S B 1Y
SRVFEAS TR W BE o K VR 22 | 3 K B A5 ] Gl
i T 5L 3 SR PR A% 3R A5, A v 3 A M T ARG L AR A
SR € (OB U I K B (7 N N2 s o
AryRe s 2R s B OR TR A 9 2K Y LUE,,.,, B9 K /NI
FPARKORTE . [RIEE R CASA A5 AL 22 A 48K [R]
TR LUE,,. . A WF R B BIILSE R TR SCR
FEUURUE T S5 R, T RE 5 R CASA BRI A % R
CO, Y& BE /Y U 38 7E FH A OG . ASBIF 5 58 1 0% 250308 4F 4y
TE 2003—2020 4E, 1y fE] CO, e B i T 24 SC R S0 i
Pl LUE,,. i} (1989—1993 4F) {y ¥k &, CO, Bt /5
AXF IS T4 55 NPP, 25 A % & CO, i I8 1,
B LUE,, 85 28 K. i A B 58 o, R A ] — i
BB AL, LUE,,, . CASA HE 8 (i B UL 45 R /N T
CASA_CO, #55 ,ixX J& A CASA #ERI 715 LUE

http: // stbexb.alljournal.com.cn



553

R B2 H T R CO2 R T i A R B e ROB BE R 3 B L4 K CASA REAL Y Bl gt

311

W, A& CO, A X LUE,.. T JE/E AR 4 52
B8 S i B LUE,../NT CASA_CO, FE R, = F %

100

75

50

25

NPP#£E /(g * m” + mon

100

15

50

25

NPP#&E /(g * m” » mon™)

100

75

50

25

NPPI&E#l/(g e m” » mon™)

100

75

50

25

NPPELH/(g » m™ » mon™)

)
W
(=
(=)

NPP#%E /(g * m™ » mon
w 5 @ S
S O o O

<

| (a) CASA o
R o n

RMSE=9.74
p=1.45¢™

0 25 50 75 100
NPP3Z{ll/(g  m™ *» mon™)

| (b) CASA_CO,
ﬁjﬂ ’/' [ ]

R=0.88
RMSE=9.66
p=1.25¢"

‘1 1 1 1 1
0 235 50 75 100
NPP3Zll/(g  m™ » mon™)

(c) CASA o
i Hh A

R=0.89
RMSE=15.48
p=2.35¢™

0 25 50 75 100
NPPs2ll/(g » m™ « mon™)

(d) CASA_CO,
B H

R*=0.89
RMSE=14.05
p=2.51e™

1
0 25 50 75 100
NPPs2ll/(g » m™ * mon™)

i BH ’

| ]
™ ap=0.65

(m) CASA

i RMSE-= 50.84
- p=3.64¢™"
‘1 1 1 1 1 1 1
o o o © o ©o ©
- & v S v S
— — o o on

NPPsE#ll/(g * m™ » mon™)

Fig.5 Comparison of the NPP estimates by models (vegetation)

150

—
(=4
(=

NPPH#E /(g * m™ + mon™)
3

(=

150

NPPH#E /(g * m” + mon™)

—
[
(=

—
(=1
(=3

NPPIE#l/(g * m” » mon™)
s &

200

150

100

NPPIE#l/(g * m” + mon™)
s &

350
300

200
150
100

NPP#E /(g * m” » mon™)
3

(=

& s

250

S CO, EER .
[ (e) casa 200
. g
A g
L A . 150
k|
¢ 100
L 2
‘ S~
; R=0.94 B 50
RMSE=16.99 i
_/" 1 1 p=1|.886-22 ) % 0
0 50 100 150
NPP3E#ll/(g  m™ » mon™)
(f) CASA_CO, 200
P =]
A g
B [ ] « 150
k|
¢ 100
L )
‘ S~
R*=0.94 B 50
RMSE=16.90 S
.2 p=1.63¢" g 0
0 50 100 150
NPPZ#ll/(g  m™ » mon™)
_ . 250
(g) CASA  _a ~
. 7 g 200
SR T S g
o 150
B " g
. 2100
- R*=0.69 =
%, RMSE=3127 m S0
BT p=2.95¢" & o
ol 1 1 1 1 ] Z
0 50 100 150 200
NPPsE#ll/(g » m? * mon™)
_ I 250
(h) CASA_CO, , P
n P 'q
S g 200
o« 150
L " g
. 2100
-, R=0.71 B 5
. a% . RMSE=30.76 S
L =1.48¢™ &
”f 1 1 ’ |e ] Z 0
0 50 100 156 200
NPPsL /(g * m™ * mon™)
[ (n) CASA_CO,
- [] Pog
&
" L
i A
- n
i L]
| ™ " r0.66
RMSE=50.36
[ 1 1 1 1 |p=2.|64e 1 ]
(=1 = < (=] [ < (=1 (=1
v [ w <o wy [l w
= — o o o o

NPPE#ll/(g * m™ » mon™)
E NPP B ELL B (%)

http: // stbexb.alljournal.com.cn

UK LUE,,, i) AR AT A A R0 7 0L BE i 52 21 1Y

[ () cAsA . L

™ r-0.80
RMSE=23.30
p=2.026™

A | 1 1 1 1

0 50 100 150 200
NPP3Z#ll/(g » m” *+ mon™)

(j) CASA_CO, I

R=0.80
RMSE=23.24
p=1.68¢7°

0 50 100 150 200
NPP3Z#ll/(g * m” * mon™)

(k) CASA .

| |
L R=0.67
RMSE=39.87
p=1.04e™

bl | 1 1 1 1 J

0 50 100 150 200 250
NPPsEZ#ll/(g * m™ * mon™)

(1) CASA_CO, .
n ’
HEEE

RMSE=32.25
p=1.87¢™

< T

0 50 100 150 200 250
NPPsE#ll/(g * m™ * mon™)




312 KB PR 95 38 &

ol @ o300 ®)

g 250 | gs2” g 250 | ..””

g 200 | . “g 200 | .

2150 2150 |

= =)

Z 100 OI 100 F

:‘;I 50 | 0159 Z’ 50 R=0.7197

e RMSE=30.04 g/ (m’ * mon) ©, RMSE=29.83 g/ (m’ * mon)

& 0 _’/IN 1 1 |p=2'65e-‘:1 1 J gé 0 _”I 1 1 |p=6.63e 1 1 J

“ 0 50 100 150 200 250 300 % 0 50 100 150 200 250 300
NPP=EJ /(g + m™ « mon™) z NPP=EJ /(g + m™ « mon™))

EHGBORRET O EF O E BOIRE O NEE,
B 6 A NPPEEREELLE(ZEKE)

Fig.6 Comparison of estimation accuracy of NPP by models (comprehensive level)

~1500 [ - ~1500 .

g (a) s g (b) P

g 1250 81250

. o [

s 1000 | ° = 1000 |

2 750 + 2 750 |

= g

SI 00 F R=0.8637 gt ;tj)l 300 R=0.8646 L)
RMSE=152.26g/ (m’ * a RMSE=149.32g/ (m’ * a

g 20 Py 3 250 e

& 0 e 1 1 1 1 1 ] ﬁ -~ 1 1 1 1 1 ]

Z 250 500 750 1000 1250 1500 % 250 500 750 1000 1250 1500

NPP3LHll /(g » m? « mon™) = NPP3EJll /(g » m? « mon™)

E7 #EEE NPP HERELRE

Fig.7 Comparison of estimation accuracy of annual NPP by models

CASA BRI F CASA_CO, B R 78 A [A] 3 s %F
NPP B B %43 51 0.458 ~0.948,0.454 ~0.947,
AR AR BRI, L ik T8 258 1 114 3l R 43 AT A R £ ML IX
fiff 8 SR AN 4 5 A0 AT E AR 5 B X, 8 W 3 A A LA
5 2 B A S 11 PR 5% i 3 R B 4 6 BE R R L ELFEAIR
45 B b X VE 5 20, FT BB A 2R A 7% 4 1 ] R 4 A
- R B A
3.2 CASA_CO,#=E7E NPP HE R FHR 4

S LUE R4 732 I H 0 Bk A 7= 1 04 £k
TR {HL 3k B AT R AN RE it BR 62 90 ~ 70 %6 1Y i 2 XL
AR AR LIRS S H AT i A LUE
B o AR B B L8R 0 4R AR
NIRE“™) (X 5 E 4 PAR F1& 5 PAR™Y [ X 4 H Id
I A RSB B I W e AR 4 5 TR v O B A
SRAGEHY TR B A 7 ) A TR B . AR ST CASA
BEARSR 5] CO, W3 B 7, JC 18 2 7 38 2 00 00 345 4
PR A S 25 /KO b 359 4 TSS90 %o A 4 2 7™
T PERE X 4E NPP R A 5 86 260, BRILZSIREE
PR 2 A1 3 e B, 78 3% 0 oAk 45 o e 4 2 7™ )
7 A B, W0 IR R AR B Y B RRAVE . B O,
o0 BAAE AR A A 7 bR S AR B B B A A R )
FERE R A 7= 00 Sl T RE A X R Bk A 7 AT N
YERA Al A BRI T A T % SR LA X SE R &K,

TEABFFE Al F A CASA BT CASA_CO, B

RUER XS NPP A7 FEARAS » S 017 B0 5 30 78 Ho Al — 28
BRI, 4 ZHANG 255 fifF 58 & BL. MOD17 5 i
EC-LUE BRI AL B 219 GPP, 3% S 46 I #8405 /K
43 FI B 38 PR 7, LR Y 3 ok o) e 38 A FH 2R A7 AR
Gy TR R EATRAE P A EE IR IRERE . 5
PR R W38 R L L 7K 43 0T RE a6 S [ 4 AT i —
HREACAE Y 6 A RCRDY BT R a9 & A A A
P B A v T VR PR 30 SIS B0 X K o R
0 AR T AT B A3 AT AR A B R [R AR R A . T
Liebig”s 2 1Y fe /M E 12 A 75 18 i 38 VR F 45 K 36
Ba 753 05 1 A i TR O Rl R SRR R 1 A= 7
T AR A 3 — ] 8 b (B A5 2% 0L (H AR e A 2R
B iy BRI A ik — AP oY

4 % it

(1) [ i b KR CO. ¥ JEE 1 17 1B IX 46 o 43 A
FEZR R o HL A58 GIR 1] S BEAR , 4R 35 KR CO, W BE
T IR K AR A %, 738 Theil-Sen &)
%N 2.14 pmol/(mol « a),

(2) CASA _CO, 15 R HLL () AN [] A 4% 25 74 1
LUE,... N : A& M (1.85 g/M]) . % & i@ -k (1.69 g/MD),
TRAZHR(1.30 g/MD) £ it 4R (0.87 g/MID , #E P (0.52 g/
MDD, W (0.40 g/MJ) . FEHL(0.40 g/ MD) , 78 & BR 1) 45
Tt T A PRI ARMORE e 2R 78 ] 1 S = Al

http: // stbexb.alljournal.com.cn



553

ST T KA CO2 W BE T i WA B f5e KOG RE I R 1 B0 % CASA AR (1) Bl ik

313

(3)CASA _CO, 5 B 35

gl A CO, i 11y

7 6 CASA BB 47 2 i, Joie & 7 il 12 vk K
PSRRI 2 255 7K F b AH L T SR A A, A
L NPP 5520 NPP Z [ i R* 5 & , RMSE 1%,
XA NPP A B BT /. CASA_CO, BRIV %L
R NPP Al 5 09 A 0 M b o [ o b AT R 4 K
T 0 A 0F 55 2 L T HE 1 NPP Ak 5.

SE

[1]

[2]

[3]

[4]

[6]

[7]

[8]

[9]

T, T, B, 4.20202050 4E CO, Jiti B 5% 17
3 4 BR Bl 3 2 S R ge i el [T A= 2% 4, 2023, 43
(6):2408-2418.

WANG M M, WANG S Q. CHEN B, et al. CO, ferti-
lization promoting the carbon uptake of global terrestrial
ecosystems in 2020—2050 [ J]. Acta Ecologica Sinica,
2023,43(6):2408-2418.

WU J, GUAN K Y, HAYEK M, et al. Partitioning
controls on Amazon forest photosynthesis between environ-
mental and biotic factors at hourly to interannual timescales
[J].Global Change Biology,2017,23(3):1240-1257.

DE KAUWE M G, KEENAN T F, MEDLYN B E,
et al. Satellite based estimates underestimate the effect
of CO, fertilization on net primary productivity [ ]].
Nature Climate Change,2016,6:892-893.

ZHENG Y, SHEN R Q, WANG Y W, et al. Improved
estimate of global gross primary production for reprodu-
cing its long-term variation, 1982—2017 [ ]J]. Earth
System Science Data,2020,12(4) :2725-2746.

SUN C M, ZHONG X C, CHEN C, et al. Evaluating
the grassland net primary productivity of Southern
China from 2000 to 2011 using a new climate productivi-
ty model[J].Journal of Integrative Agriculture,2016,15
(7):1638-1644.

RUNNING S W, THORNTON P E, NEMANI R,
et al. Global terrestrial gross and net primary productivity
from the earth observing system[ M]//SALA O E, JACK-
SON R B, MOONEY H A, et al. Methods in Ecosystem
Science. New York: Springer,2000:44-57.
MONTEITH J L. Solar radiation and productivity in
tropical ecosystems [ J ]. Journal of Applied Ecology,
1972,9(3) :747-766.

LV Y L. CHI H., SHI P C. et al. Phenology-based
maximum light use efficiency for modeling gross primary
production across typical terrestrial ecosystems[]]. Re-
mote Sensing,2023,15(16) :e4002.

TURNER D P, URBANSKI S, BREMER D, et al. A

cross-biome comparison of daily light use efficiency for

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

gross primary production[ ] ]. Global Change Biology,
2003,9(3) :383-395.

RUIMY A, SAUGIER B, DEDIEU G. Methodology for
the estimation of terrestrial net primary production from
sensed data [ J ]. Journal of Geophysical
Research: Atmospheres,1994.,99(D3) :5263-5283.

GOETZ S J. PRINCE S D. Remote sensing of net pri-

remotely

mary production in boreal forest stands[ J]. Agricultural

and Forest Meteorology.1996,78(3/4) :149-179.

T BT, L B3R A5 A B R R T 3 T R R
eI AE A2 4R,2021,41(14) :5507-5516.

GAO D X, WANG S, L1Y, et al. Light use efficiency

of vegetation: Model and uncertainty[ J]. Acta Ecologica

Sinica,2021,41(14) :5507-5516.

YUAN W, ZHENG Y, PIAO S, et al. Increased atmos-

pheric vapor pressure deficit reduces global vegetation

growth[ J]. Science Advances,2019,5(8) :e1396.

SWINNEN E, VAN H R, EERENS H, et al. Algorithm

dry matter productivity (DMP)

[EB/OL]J. [2023-6-16]. https://land.copernicus.eu/en.

TRIT IR FE A, 158 I 7 B 8 25 B I bR AR 1) T R4

R 5 B YA LT ) AR AR TR, 2021,37(5)

28-36.

XU K, XING Y Q, CHANG X Q. Model optimization

theoretical basis document:

and GPP estimation of light energy utilization in sub-
tropical evergreen coniferous forest[ J].Forest Engineer-
ing,2021,37(5) :28-36.

EEAR B Y B, 5. 20152019 4F B M AR
kA0 M B 7K 368 e UL S AR L. b R B2 Bl 2023,
8(3):78-89.

WANG Y W, LUO W J, CHEN ], et al. A dataset of
carbon and water fluxes in the sample plots of natural
regeneration at Puding Station of Guizhou Province(2015—
2019)[J].China Scientific Data,2023,8(3) :78-89.

SR SCHE TR AL AR A T A AR A e RO R
B ] R %38 42 - 2006, 51(6) :700-706.

ZHU W Q, PANY Z, HE H. et al. Simulation of max-
imum light utilization efficiency of typical vegetation in
China[J].Chinese Science Bulletin,2006,51(6) :700-706.
YANG D, XU X L, XIAO F J, et al. Improving modeling
of ecosystem gross primary productivity through re-optimi-
zing temperature restrictions on photosynthesis[ ] ]. Science

of the Total Environment,2021,788:e147805.

[19] KENDALL M. Rank correlation methods[ ] ]. British

[20]

Journal of Psychology,1990,25(1) :86-91.
POTTER C S, RANDERSON J T, FIELD C B, et al.

Terrestrial ecosystem production: A process model

based on global satellite and surface data [ ]J]. Global

http: // stbexb.alljournal.com.cn



314

P/t I N

% 38 &

[21]

[22]

[23]

[24]

[25]

[26]

Biogeochemical Cycles,1993,7(4):811-841.

BAO S N, IBROM A, WOHLFAHRT G, et al. Narrow
but robust advantages in two-big-leaf light use efficiency
models over big-leaf light use efficiency models at eco-
system level[ J]. Agricultural and Forest Meteorology,
2022,326:e109185.

KL INE R AP R A R &R R L] 2
TR . 2021,25(6) :1227-1243.

ZHU A R, SUN R, WANG M ]. Estimation of light
use efficiency by using remote sensing data[ J].National
Remote Sensing Bulletin,2021,25(6) :1227-1243.
ZHANG Y H, HU Z W, WANG ] Z, et al. Temporal
upscaling of MODIS instantaneous FAPAR improves
forest gross primary productivity (GPP) simulation[ J].
International Journal of Applied Earth Observation and
Geoinformation,2023,121:e103360.

RUNNING S W, ZHAO M. MOD17 user’s guide. Daily
GPP and annual NPP (MOD17A2/A3) products NASA
earth observing system MODIS land algorithm [ EB/OL].
[2015-10-07]. http://modis.gsfc.nasa.gov.

LIULY, LIU X J, CHEN J D, et al. Estimating maize
GPP using near-infrared radiance of vegetation [ ] J.
Science of Remote Sensing,2020,2:e100009.

CHEN S Y, SUI L C, LIU L Y. et al. Effect of the
partitioning of diffuse and direct APAR on GPP estima-
tion[ J ].Remote Sensing,2022,14(1) :e57.

(EB% 284 )

[36]

[37]

[38]

ZEME AR, VB, A R AL AU R R ROV B AR
M Ak 9. A A8 LRI 5 E J . 2019, 15(4) :405-415.
QIN P C, LIUM, DU L M, et al. Climate change impacts
on runoff in the Upper Yangtze River Basin[ ] ]. Climate
Change Research,2019,15(4) :405-415,

[yl 2 ¥4, AP, % T CMIP 6 281X i KT
A R 5 AR I TUAN L) ] R Mol R 2= 4 (3 SRR
2R 2024 ,48(2) :1-8.

HE X. MIAO Z M. TIAN J X, et al. Temperature,
precipitation and runoff prediction in the Yangtze River
Basin based on CMIP 6 multi-model [ J]. Journal of
Nanjing Forestry University (Natural Sciences Edition) ,
2024,48(2) :1-8.

T I Ik, FHOE L OWRR” A SN P B AR R

[27]

[28]

[29]

[30]

[31]

[32]

[39]

[40]

HEMZ, JUW M, ZHOU Y L, et al. Development of
a two-leaf light use efficiency model for improving the
calculation of terrestrial gross primary productivity[ ] ].
Agricultural and Forest Meteorology,2013,173:28-39.
ZHANG H L, BAI J, SUN R, et al. An improved light
use efficiency model by considering canopy nitrogen concen-
trations and multiple environmental factors[J]. Agricultural
and Forest Meteorology,2023,332:e109359.
TREEE A K, E 2L 5.0 Bl R & /N B A
Ty BIFEAR UL ] PR RE 22,2019, 40(10) - 4725-4732.
XU J X, ZHENG Y F, WANG S, et al. Simulated
ozone damage on gross primary productivity (GPP) in a
winter wheat field[ J]. Environmental Science, 2019, 40
(10) :4725-4732.

KING D A, TURNER D P, RITTS W D. Parameteriza-
tion of a diagnostic carbon cycle model for continental
scale application[ ] ]. Remote Sensing of Environment,
2011,115(7):1653-1664.

XU Z Z, ZHOU G S. Effects of water stress and noc-
turnal temperature on carbon allocation in the perennial
grass, Leymus chinensis [ ]]. Physiologia Plantarum,
2005,123(3) :272-280.

PEIY Y. DONG J W, ZHANG Y. et al. Evolution of
light use efficiency models: Improvement, uncertainties,
and implications[ ] . Agricultural and Forest Meteorology,

2022,317:¢108905.

AARHELT ] A TER 24 B Be 4l , 2023, 40(2) 1 44-51.
WANG Y, SU B D, WANG Y J. et al. Streamflow
change in Fuhe River Basin under China’s dual-carbon
scenario [ ] ]. Journal of Changjiang River Scientific
Research Institute,2023,40(2) :44-51.

DAMS J, NOSSENT J, SENBETA T B, et al. Multi-
model approach to assess the impact of climate change on
runoff[ J ].Journal of Hydrology,2015,529:1601-1616.
BRIRTT . U7 H L X am it N 2R 352 i T B HE R I 9 J
SET B 10K 30T FALF AL 1K SRR AR 4. 2023,
39(1):57-62.

XUE L Q, BATQ Y, LIU Y H. Propagation law from
meteorological drought to hydrological drought in the
Tarim River Basin under the impact of human activities

[J].Water Resources Protection,2023,39(1) :57-62.

http: // stbexb.alljournal.com.cn



