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Water- carbon coupling model based on nonlinear system approach
ZHAO Ling ling" 2, XIA Jun®
(1. Guangz houl nstitute of Geography, Guangz hou 510002, China; 2. Institute of Geographic Sciences
and N atural Resources Research, CAS, Beijing 100101, China; 3. The State Key Laboratory of
Water Resources and H ydropower Engineering Science, Wuhan University , Wuhan 430072, China)

Abstract: The current water carbon coupling models have several issues such as complex mechanisms, unbalanced structure,
large uncertainty, and difficulty to meet the information needs. A ccording to the concept of“ from the complex phenomena, find a
simple rule’ from the nonlinear hydrological cycle simulation theory, a nonlinear water carbon coupling model was developed
based on the nonlinear system theory of the hydrological cycle and Jarvis stomatal conductance method. The experimental data
at the Duke station of Americar Flux and in the Chongling experimental w atershed of the upstream of Baiyangdian w ere used to
verify the model accuracy at the point and wat ershed scales. The results indicat ed that the nonlinear water carbon coupling mod
el can simulate the variations of evapotranspiration and soil moisture reasonably and accurately. The model was applied to estt
mate the effects of greenhouse gas discharge level on the hydrological cycde elements. When the concentration of carbon dioxide
increases, the increase of runoff is 0. 5%, increase of average soil moisture is 1. 2%, while decrease of evaporation is 4. 9% .
Overall, the water carbon coupling model achieves a simple solution to solve the complex problems.
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Fig. 1 Distribution of experimental equipment in the Chongling
Basin( source: key laboratory of water cycle and

related land surface processes, CAS)
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1  Duke 2005

Penmarr Monteith

Tab.1 The Penmarr Monteith model correlation coefficient,
efficiency coefficient, and annual value at the Duke station in 2005
FEAUAEAR/ mm S AR/ mm A FREL H5 Naskr Sutcliffe 2056 2%

846.4 848.9 0.82 0.82

2 Duke 2005

Penmarr Monteith

Fig.2 Variation of simulated evapotrans piration

at the Duke station in 2005 using the Penm arr Monteith method
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2 2 8 IR B S 40 R AR A0 AL T 0 % R BRI
MK FRE. nTLLFE H, B R R SEIl 2 ol fE 8l & BT
(B3), AR ¢ R ORISR0 R BOL LR (17K &
i ZBIE$1 0.9 LLE, KW DT VGM BEAAEFR M 0l B
BT &

2 DTVGM

Tab.2 DTVGM model calibration parameters and

simulation results in Chongling experimental watershed

g Nask Sutcliffe e KRS
28 g1 g2 o = i o
HES Y EY R
FoEl 0.290 0.117 0.920 0. 960 0. 968
BER 0.290 0.117 0.910 0.953 0.952
3

Fig.3 The simulated rainfalt runoff based nonlinear
water carbon coupling model

in Chongling experimental watershed
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RSB DT VG M- Jarvis (& 5 Sk 3 31, %
H SR R IR 25 5 IR e K1 1Y) Penmarr Monteith J77%
HNEI DTVGM B . fR$F R =1 m S A, &
Wb IR =3 B K I R S eSO AR 28 v AR UL P 28 A R R L g
KRS SR AT L AT

TE I SO AR TR o R AR B ZE R A B T 9, R DA e
TN K ST IR I 0 o (RDR S AR £ 3K (] 4) FIZEHUR &=
R 4) (A B FOVE A v, (R[R]) AL =30 S R
AR | 453 AR R AUORS FE B BRAIC . AN 3R 3 rh Gl B 1 %
THEAR KA, AN B =00 S8 O, A B
FHOG BB IK T 17 R B0 s A5 200 35 A 48 o, T AR 4L A
Nash 2526 78 HUA S T FRAG, RLCSdE /iy 53476 0.9 DL R, Atk
AL G, Bl A B

3 -
Tab.3 The parameters and simulation results
of nonlinear water carbon coupling m odel
in Chongling experimental watershed
Hm a P NaslrSutcliffe  #%& 7Kg -7

0. 905

DT VGM Jarvis 0.290 0.117 0.956  0.965

c 4 KX K FEIR

P 4 R S i S R 1 S KR S S
KRR RE, W) LA Y et A AS REY 4 RE 20 ) - 3K
HERE R AL R B A AR A L T, St H B E Y ) K
SRS IME N, i S0 S PR R B ) 5 K B AL
LI S K AR A R AT S R k. R W
AR 0f - 35 K AR A R 1K) 22 i B A 5 PR

Fig.4 Variations of soil moisture before and after

model modification in Chongling experimental water shed

0T ZE O BIAREAT, b T 00 I s kAR i R AN

SE , WA SCHUHL S B 0 BT SO ROR BEAT R R 4 430 T
CSCHE i JE AR AU 8 TR R S S R, T RUE e R TSR
BEI B R F (] Penmar Monteith J7 ¥545 0175 #0UR & 5 W
DIMEEN BT . Jarvis BEAY IR RE & 40 73 4k Ze 1K OB R
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4 DTVGM

Tab.4 Comparison of estimated and m easured

evapotranspiration before and after DT VGM modification

Rt DTVGM
UK #/ mm 130.9

DT VGM- Jarvis
145.0

Observed Ea
147.0

3.3 RALERIRE A 3K XABIR 697 mer o AT

KR DTV GM- Jarvis B85 5 ¥ Al 2 KA 25,
A BIOHR JE In, BERL 2 R FT R SCh 2R B I S8, B
ZREUR BN RE, 45 8 WL 5, nT LA, HH EL 3G HE
s, ZEHUR A FTIdD X DR A ARk 5 1 n 25 4
PEAR A, 9D 2R o 98D (R R4 K B, — 643 38
TEHEEKE, 5 AR . B R 2 iR
Fll: AR IR I R, BRI A AR K B 100, 16
mm 1% 100 69 mm, ¥ 0 5%; ¥ - &K E
0. 345 6 B NF 0. 349 6, HhN 1 2% ; Z5HK M 144 98 mm
Wb E 137 76 mm, il 4 9% .
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Fig.5 The evapotranspiration process with double concentration
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of carbon dioxide in Chongling experimental watershed
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