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A AR

b KRR H 28 A5, KE MR T KEMAEBRIRKFEZ BT EHRRE. 76
SARAZAHI TS 5N, ane] & R FH R K B s ek et 2 SR BRSO 1 4 A # ) i —
KHAES RGN RS & AOKRE B2 K HAESKCE R EELRE. HEESHaR»k

(SIF) BT DL WA Y64 68 7R PR S5 o e B2, 7 5 b DX AR 400 28 BRSO T A
JREBMN AT, BT HArAL T RIS S R . B R, fEOK S a4 R HAE
VIR IR AR 51 EE ) SIF RS HLEI KI5 B A= 71 (GPP) JRERALHI 38 44 1w A B
o DRI, AT H DG LS X SR A B OR RIS G, R 6 -5et 2 R SIF K AH RS 40
A E DL A K S R ) [R5 W, IR FEAEVILEA R AR KB Be RS RIRR BE 7K 43 e
-5k 2 RUBE SIF R SALEIAT SIF-GPP SCHRHLAE 1) 2 5, M 2t STEMMUS-SCOPE 15
RURE B K TR SIF S . AHIE SRS B SIF A SFAL 7K 2 e oo 52, 48 7~ 7K
Gy a4 T B X AR SIF 5 GPP I SRERATL I, AT 7.2 TR 7K T3 PR () B X A SIF
AT, 2 AR Ko 7K o W A P SR o TS 45 SR R R X R B SIF R AR 3 A
AFHERE A LR AR, D9 5 W DA FRER DS AP K B 5 B4 At BRAR AR AR R S
WA I LT 45 R

1. EFSPACRGZR AKX FEE (STEMMUS-SCOPE) Y143

AT SPACK %, ¥ SCOPEFMSTEMMUSHE 34T 1 #& . STEMMUSHE & 7] DLyR£h
SCOPERAY LI R AN 2 o P A 5 SCOPEASE AL A8 15 X 1 B FH il N AT e

2. STEMMUS-SCOPE Y FEAICHE 1 A 75 R G 1) B uF

STEMMUS-SCOPE & /e fEAK H A BLHI 4T T30 E . # SCOPEE B FISTEMMUSH A i3
ITHG S, Bl S B A BURET I S5 3 1 oo, JUH UM SZ K 3 E v 52 T+
JoNHE . 5STEMMUS-SCOPE 5 SCOPE. SCOPE_SMAISTEMMUSHEAT X} EE,  Hl& k7Y
STEMMUS-SCOPE RJ LR f AR 2 FE 4% A0 T 7K 43 o ig i) (g 2 Kl &, (RN 2R
] PR L 4= K A AR R S48 L. SR, 12 ALIE A VF £ 5 T 5 Bt — 5 ik
B, TEREMERY, IR R B ARG T IR AN R, X 2 T R B 1 45 R (A
Pho HIR, LIBIPIRBTHAR R — 0 00,  H AR - BRI AR AN 2 & T IR
JE T AR T IR R T ARIFIR R . SR A S, AR AR T AR A AR . A EA
RANEEK S B FKPaeBEE R, AT DR AR B AR K SO R R 77 1%
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BFE iR (RO RS RGHAT 7 — PP . AR FEAEFLUXNET i 5 43 AR
ANEVSAEX Y 3 AN FRFRE A, FIFHPLUMBER? $R3E )5 B8 Ao i f LA E 2 38 R A
RUREN, RO B TR A O R GO BE B A K Bl B RO AT N LU R I, AR Y R R
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Abstract

With the increasing shortage of water resources, the contradiction between a large amount of
agricultural water demand and limited freshwater resources has become increasingly prominent.
In the context of climate change, how to make rational use of freshwater resources to reduce
greenhouse gas emissions has become one of the current hot issues. The energy and water carbon
fluxes of farmland ecosystem are the main processes of farmland eco hydrological process.
Solar-Induced chlorophyll Fluorescence (SIF) can be used to reflect the response of plant
photosynthetic capacity to environmental stress. It has a broad application prospect in monitoring
plant physiological status in arid areas, and it is the frontier research in the field of environmental
remote sensing. To date, the emission mechanism of SIF and its relationship with gross primary
productivity (GPP) caused by the change of plant hydraulic traits are not clear. Therefore, this
project uses synchronous observation of leaf-canopy scale SIF and its related parameters,
photosynthetic rate, and plant hydraulic characteristics to explore the differences of SIF emission
mechanism between leaf and canopy scale and SIF-GPP correlation mechanism under different
growth stages and different degrees of water stress, thereby to improve the plant hydraulic
module of STEMMUS-SCOPE model. This study will clarify the response of the SIF emission
mechanism to water stress, reveal the correlation mechanism between SIF and GPP under water
stress, and establish a forward SIF simulator based on plant hydraulic traits and improve the
accuracy of SIF simulation. The expected results will deepen the understanding of the coupling
mechanism between SIF and plant physiological and ecological characteristics, and provide
theoretical basis and technical support for drought monitoring and forecasting as well as
agricultural water resources management. The results of this study are as follows:

1. Construction of ecological hydrology model (STEMMUS-SCOPE) based on SPAC system

Based on SPAC system, SCOPE and STEMMUS models are coupled. STEMMUS model
can make up for the lack of soil module in scope model. It can make the application of scope
model in arid areas possible.

2. Established an ecohydrological model based on SPAC system

A fundamental understanding of coupled energy, water and carbon flux is vital for obtaining
the information of ecohydrological processes and functioning under climate change. The coupled
model, STEMMUS-SCOPE, integrating radiative transfer, photochemistry, energy balance, root
system dynamic, and soil moisture and soil temperature dynamic, has been proven to be a
practical model to simulate detailed land surface processes such as evapotranspiration and NEE.
The performance of the coupled STEMMUS-SCOPE model in ET partitioning was improved due
to the comprehensive radiative transfer scheme in SCOPE. The coupled model has been

successfully applied in a maize field. Through the inter-comparison of SCOPE, SCOPE_SM,



STEMMUS, and STEMMUS-SCOPE, we concluded that the coupled STEMMUS-SCOPE can
be used to investigate vegetation states under water stress conditions, and to simultaneously
understand the dynamics of soil heat and mass transfer, as well as the root growth. However,
there are some needs for further studies to enhance the capacity of STEMMUS_SCOPE in
understanding ecosystem functioning. Frist of all, the estimation of soil boundary condition
especially during the irrigation period, which has significant influence on the simulation of soil
temperature, needs further improvement. Second, the soil respiration model used in SCOPE,
which neglected currently the effect of soil moisture, should be upgraded in the coupled model.
Nevertheless, the STEMMUS-SCOPE may be used as an observation operator to assimilate
remote sensing data such as solar-induced chlorophyll fluorescence, to improve the estimation of
water and carbon fluxes. STEMMUS-SCOPE could also be used to investigate regional or global
land surface processes, especially in arid and semi-arid regions, due to its sensitivity to water
stress conditions.

3. Verification of STEMMUS-SCOPE model in forest ecosystems in different climatic
regions

After the effective validation of STEMMUS-SCOPE in low vegetation ecosystems such as
farmland and grassland, we further evaluated the model in high vegetation (such as forest)
ecosystems. In this study, FLUXNET station represents three forest stations in different climate
regions. Driven by the climate data provided by Plumber2 and the Lai satellite remote sensing
data of the station, the simulation results are compared with the energy and water carbon flux
data observed by the vorticity correlation system. It is found that this model is also applicable to
the simulation and assessment of energy and water carbon cycle in high vegetation ecosystem.
This lays a foundation for the application of the model in the global region, and is of great
significance to quantify the global energy and water carbon cycle.

4. Potential applications of the STEMMUS-SCOPE model

Through the application of the model in the above stations, in the future work, we will
evaluate the model in 170 Fluxnet stations provided in plumber2, and strive to optimize the
vegetation hydraulic module and plant growth module of the model, so as to better quantify the
global energy and water carbon flux and deepen the understanding of the earth's water carbon
cycle.
KEY WORDS: Guanzhong Plain; Evapotranspiration; Carbon flux; Eddy covariance system; Ecohydrological

model
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4% ¢t (Chlorophyll Fluorescence, ChIF) /&Y &S FE 48R 0 FAEM K
640-850 4K [H] [a] 7R A A T RE B, v FH DA BRUARLA) 06 4 B8 D0 FA 558 6 () W )82 (Meeroni
et al., 2009), =it 3z AL SRR RN . 32 Bk F AT R E e IR OR 1 ChiF (o
TR kb s X264, Pulse Amplitude Modulation, PAM), T #5722 4R %14
DL BA YR o 6 IR 3R A5 1 H OGiE S 4 596 (Solar-Induced chlorophyll Fluorescence,
SIF). 5EshEMEL, #EhikE R SIF 53 T WY 2 i A BOIR S .

SIF B YDA OISR ER 1 &0, ATRURZ4M. . w2 RAZEES
B DEALKIE PRI, Reg M. t v, &2 SOUMERRRE b B XA bR )
AR, TRAME G AR B, B FEAS R R A A B AR SRR RS A 1 i
AN (FEENFEE, 2019). T JLAESR, EFXT SIF FIAHSCHT L OO AE S 2. BRTE IR B3 Jak
LR SR (TR KL, 2009). SIF J0 TGRSR S ZOE (I E30E), oA
FAEP BN IR EE T H 2 —. SIF BT 766 1E FAIBRAE FRAE 70 K5 7 1
AT T A A RN RIS 2248 5 o SIF (138 80T 71 Kk JiVid, 2/ 28 )45 s
DA K I b D P 28 2 s DR AL T W T &R DL R B AR S R DI Re s TR WH9E SIF
W R 2 REE IR, QAEe e v RV AE AR ARG R S5 1A
The DA R X 38R0 4R RRE (ARt 2 () 22 S RS TR) 284k . B PR R A —E0A A SIF 78288
(1) RBEHERS 0] UG F3fif ke s SIF (R R S AL A 5 06 A4 F I ORI 22 )& BTS2 1 23 A A
BT HESH, 75 3 — IR AR SIF TE/K a6 F B e Rt — i & . Harkt
SIF [P mi o7 75 T A 2 e R T2 S8 SIF N, MARER A FT SIF S e F2 FE ) i
Bl KEWFFREY, SIF 588147 /1 (Gross Primary Productivity, GPP) 2 [A] 5 1R 4]
LMERR, ATULARRIEEPOCEIER . AW, U E 2T 2 WhEn, SIF 5 GPP Z[A]
(26 RELTS, N AR FME R 7 (U015 & R A2 B 2 AR AR A 0t — 38 SRR R 52
e, SCE A AR R OO B E R R . AT 45 & SIF LA LA K 38K 7 (Soil
Moisture, SM) Fl7Ki5E2 (Vapor Pressure Deficit, VPD) HIfti%, AJLUFSZAET SEHX SM
AR RGP T2 MHA K F ISR T(Liu et al., 2020). T-2HuIX 44 R G0K 0 hid i
NPEEE, RMERRALR) SM ARALET o RO HL T HURIRIA AR S RG AR e PEAI v Fe Bt . ok
SR A = B e FAE A AR B A A A BRI RE X A IR (TR e ML A EE AR
(Wang et al., 2020). Jyit—+ B a4 T EM BN, KEAREEKEM RS, IRl
KEAF TR B R T R XA YR A AR P FE R o RS R0 1R 7K 2 38 3050 DA K.
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TF R IR AT AE — S FE R ] DA A 7K 2 s o A 420 26 RN A= 0 B 3o R () 52
{EI A R T 48 FATSRAFAE B AR KA 1, Jovdefs 2 o Ml % 2% fif 1 R 3R AR AH BT
BEHE A SCFE (Webber et al., 2018). [KlUk, BAHH/K S HhExT SIF REFHLEI IR, FF3
= SIF BRSNS 7K Z3 W A i SRS B, R SIF 7K %8 Y5 i s X 6 471 52 1 0 A T e
BB ESFE PS8

BT RS, ARSIV IR IX NS FORBAER BN R, PAESE
PR 6 RS A BA B )50 A HE, SR HE (AU AN B B AR &5 S 1 1, RGHt
Ft. SIF RS HLHI 7K 23 e i B, 87~ 7K 73 e st SIF-GPP SCERHLA sz, ki &
BT K IR SIF BTAIEAY, B AR A SEE X 3 52 s 00 R T H R 8 BE b AR AR
S, R K E B UER P L A R S R

1.2 ERIMARIR R & RBIZSAT
1.2.1 KA BpEX} SIF Z4HF0 SIF-GPP BEcHLH] A5

Hil, TROSM™ERE] 7 2BkiaE A4S 4 (Ambavaram et al., 2014). BEE 4
BRAEAAL IR, 5 XTI 7 B K R A R XS (Zhou et al., 2021), S B kg ff b e
RN TR R Y0 Bl B, RE 7 AR R AR X A A A PR e SRR i DR B 22 4 B B Y
(Breshears et al., 2005). &G FIEMTREL (W T RS R EBIER NDVI &) RA4T5
51 LA B R R A U A REM SO . T SIF FERF RS AN, i )E PR X R Y
5 GPP Ef RIFMAMEME (Liu et al., 2017; Kéhler et al., 2018), X ¥R iid 58 hn ek
(Porcar-Castell et al., 2014), £+ 577 HA —E MM (Liu et al., 2018; Yoshida et
al., 2015).

H AT O KRE R T2 RO6X & aam b a7t . 8 AR R (1% ihia)
Al B 57K 53 W38 AH B AE FE T 52 e & 2GR A SIF R4, BRI A2 B FTRm
SIF () FZEIRIER 1o FEARIAS [FIRR BE 7K 7 o iy e S ATL A 22 e K, i A 5 A0 5 2h
BTV PSS e 5 R AR I ) B, X EI AR BN U (Wright et al., 2005) . FEA7) M.
W E ML ARSI AES AL T . /Ko BB RE AR, MR SIS,
FRARAEY) G &% (Galmés et al., 2007; Chaves et al., 2009; KEZE, 2016), [AHEY)H 2%
IR K EY, 7K B BT LAY 5 E 3K A (A B K JIRRE, AT 3G s A7) B 7K
Re/y, (HIIN YR GE 28 5 IR0 . A Ko Bha R B iR, AL 32 R <AL
WA, FREMaA AR R KEEEE, WG Rdnt, SEHsR SRR, R
KSR, LEREEBAFRERSE. B A I EY R8T 2 e (RIE
VIR B AT AL TY) dEAT BN R AR O i, X RPER BB A A HEEE . K
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R AR HRESEOT DU AR X SMORAS . DU FC I E] SM X SIF g2 A A ] ,
A e g BLEL 3 R OP JE IR o AR R A SIS B R e R B (AN [R], SM G 20 2 85 1) s il 22 AR K
HEEFERAFRE TN LUK & &, MU AMHE R SRR ER . %
WA TR BRI E YRR | IR ARG (Pettigrew, 2004), TR = % 338 RE 14 (1 7 40
iR, ToiESCIE /157K & (Kebbas et al., 2015). AFH & /K& (Man et al., 2017) F1+33EK
% (Lietal., 2004) Z [AIf 4, IXAEASXTIX LR 7T A 43 H ) SIF A SM S8 & 22 1] [ 58 Tt
LG+ 23 R A

SIF-SM 2% R AL B K SCEEAIE ) AL B 2% 2 A FRRR AN AL S5 301 . R R
TR MR RIKF L K DL 3K 3 R B RIS B A Re e s SIF-SM G &
(Jonard et al., 2020). A W EERBE SIF KRS HLEN AN R+ 5 W ia B AL B R, DAE J I &
DAEYIHERHE . BT SIF XY /K IR AZ A B AL B2 %, DRI AT B R
W BRI K WriE, ESFE N E SIF. 9IS E AR UL AR 1 IR xR
WERAF Ko MHaFEEXT SIF &S ML K SIF-GPP SCERHLHI KI5, AL SIF ZEIR B i
e S PRI 9T, RO A BRI R 22 AR

122 HAHRHERIOREG ST

SIF X 7K 53 e B S 23 AR, 2 AT I HE R e — o RS AR S AR T A 4
BRI A R IR A AE YR 7 BRI R SIF A GPP ()55 R34t 7 #2428 (Verrelst et al.,
2016; Zhang et al., 2016). SCOPE (Soil-Canopy Observation of Photosynthesis and Energy) #%i#!
(Van der Tol et al., 2009) & H i) ZNHT HY6HE SRR 2 — (RE,
2019). IZABEE T REE-P, KRR R AN S AR AR ko, 2 SIF WA SIF
TR [RI AR BR i A2 7 R G /K ol E AU R B AR A . SCOPE #4 LI ¢ DGR e it . el JR 45
RGBT AN, AU el 2 SR, DEIIT7 1) B SIF D, JeE s Ll
ZEBUR (Van der Tol et al., 2009; Van der Tol et al., 2016). T SCOPE #i# /& 3 B T-Hi & ) —
gepiiy, HZBNSHEZ, FIHHT 2R R A B A —E Pkikit. SR/, SCOPE
W15 SIF KA R AL i AR O 2 s D 5| N B Rl Uk, dEmi A A SIF AR
i GPP (U SEAEIE . HaTC2t 2 SIF RAHSEHUNRL A3 24 CLM4 (Lee et al., 2015).
SSiB2 (Qiu et al., 2018)F1 BETHY (Norton et al., 2018). Damm et al. (2018) k=% # SCOPE
N FHAE 22 A0k 1 et J2 N R AL, AR 28 BB A SIF 2 R FIBE &R, S5 R I/K e 214 T SIF
X} Z& A FH SR UK

HRKIERE (SORFHEES) SR B R ER, XGRS ot FE 2
KEH, SR, HATH SCOPE HEAY ZmE TR RIKISRE, & T 76 TR A ma 444 N %
TR o A A 0 N S AR AT AU RIS /7. Bayat et al. (2018) MBI 45 SR EH], HT SM 281bik
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FRPERE G715 5 AR IR A RE 78 4 I B A% T 5K 0L, 1Xfff SCOPE Xt GPP HfhiE A A
—ERIATE . 5, Bayat et al. (2019) K HIE-THAY)- R TIELAR (SPAC) BRG] A
SCOPE #iAI 171K 1 SCOPE_SM #AY, 1ZARARIF| A Sl SMTH5507K 70 bl 18 28 KoK BR il B¢
RIZMIEZR (Vemax),  FAEF 3l sUSTADLIR 7K BiE B -5 i BEAH 5% 2R 8 XD ORI HL A 8 v — B
XK B SCOPE_SM H5 8AT AR A H i B 7K 73 e, {HAZ A2 200 1 FE AR 2R 70 AT (R Bh A7
13t H RGeSl SM B MR 4 N . Wang et al. (2021) J#i 5] N—4ER RAEKAET, DA
SRR AR MR HRSBIESITSE, £ SPAC R &K TCE1ER- . SIF DL 3%
IKPAERERE, TR T I THRYIK A ERE) SIF AR STEMMUS-SCOPE., £ KIS
AR RGHATIAUEN R R W, £ K IE AT, AU 7K B & B ARS 15 21
TRERTE, B UEY] TSI K Bl DURAR R B A R G D Ret B HERRASE UL
+43 5 E (Zeng et al., 2011a; Zeng et al., 2011b). R4 417 STEMMUS-SCOPE & 5| A f# 1L
TP IERS, (HR A T R R e (KA BT) 8977 ok H AR K 14, FERH e
K i imegis, HIEBELRETIAME L 7 SCOPE_SM HAA STEMMUS BiAY, [A ik,
YT ) STEMMUS-SCOPE #5284 2% [ WK Ji52 v (V8 H T ZE 51K 71 3 Bk R) A
KRR (Fake 285 5K, YK RIERIKE) 25 H BT K ) U8 EHT B FE R - 7K
JIEE K FTRE R STEMMUS-SCOPE A5 7K ffic it 5 A2 40 FR) 52 0] ) A 45 S A FRD VA
(K1t STEMMUS-SCOPE A& 84 v (RIAE ) /K ) S HUL 753k — P otk . H Al bR s it 1 i 1
3 (20 CLM 5. Noah-MP. JULES #il CABLE) ¥JC.5| N N2 & B MK SRR, LUE
N7 18 - S5 AN LK oy o A (AR G K J36E AL (1 CLM 4.5 Al CoLM R IKI/K 15 At) 3
C L (McDowell et al., 2019; De Kauwe et al., 2015). 54%& G5 A4 rb 1) i 4= 358 /K #4550 BR 1)
BRI 25 /AN, AT o R OK T AR A T A% 28 B 7K AR 9 PR DRk
T K 7 e 262 S K aE &, HMNHAMME CAEF 25t 1S20E (De Kauwe et al.,
2020; Niu et al., 2020; Xu et al., 2016; Williams et al., 1996) . =, Niu et al. (2020) ¥ Xu et al.
(2016) R IFAE# K SR8 5] N %2 Noah-MP A 8Y i, R A P 7K it & v 5 LK 3 b aE A
T o CLM 5.0 MW E T HKH (p) MARET LHOKE (p) KD ME R
(Kennedy et al., 2019). X, STEMMUS-SCOPE #& %4 75 H 5] A 24 5l S5 i3k () 7K 7688 DL3gE B
HEAFRERRG LHERAEEHETRERNESRS) TN, {FEEERZ, 5IA
FrEYIK IR 21N STEMMUS-SCOPE AT ZMERE, k34 75 B AE A AL 38 4 A
S FH 1 2 TR) 3 4 A A

FTHPK IR SIF B AR AT SR AR A L2 —J7 T, SIF B R REK AT DAL
A, s TR AT TR RRE b A R BURE A O e S A AR A AR A AT MR B, IS B & /E
R, IR T PR AS A A 0 PR B FR W . (Mohammed et al., 2019). A — 5T, R THYK
JITEIRE) SPAC A i i 2R LU WA e (K B 730, AR PEAR-Z5-rH /K ) 5 IR
(Sperry et al.,, 2017), Y% B AKF-HriEm N -5 A4 2 R 40 /K #i s A VL HLEE R ok
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(Sabot et al., 2020). & LA_EIX A5 T FOBE T2 B A0 12 RO R, BB

EARBI A G 2 OCEE (Jonard et al., 2020). SIF /&5 AT /K IR
SPAC R RUARSS £45 A Bl 1) R 33 -/K 7 -1 - e B AR AR FIALAG, IR 2E 25 R GE T Rtk xo
Medim M (5 i MLATL A A B A o

13 FIRAHER

MR TER Y], B IEXT SIF RS AL & E S BHIZUE 71 (GPP) ISCERHLHI R AT B 3%
M, 5 O R TR R AR B EE, SIF £ #EMR WO SR IR A BURZS
7RSS . K 2016 4RI BK LA (TanSat), H SIF S nl ARG IE 23R &3
ZHFAE (Du et al., 2018) . AR5 S FT i 2., BRIHTR SRk 1 2024 2R ZOLIRER L2 (FLEX)
LTI B SIF S48, Xt — P ok 1 E N AME RT3 1% . H AT SIF B
FAIAFAE LT A A FRE SIF 506 E1E - RIAHRYERT L2 0 Geit o, sk = HLERfRRE
AFREE SIF AR R E i S AL 1 AN WA s AT 23 SIF HLEEASE R 7K 70 i
LD IEEER Gt T = K s o w5 IO 1 bl Bui @R SR ETR - o YA SO e D SiCPE /N )
SIF 5 GPP fE NLENLHE EAHSCHEMIIA BRI Al 7, EMIRT SIF AR EY) T e i
RALEE, ST RIETEYIKTEIRE SIF Ay, LAY SIF 85 XA 5 Ml A
KB B GEAURL A A A B S8

1.4 HRAR

(1) 7K ia gt R EE SIF R SFALHIFT SIF-GPP S AL il frt) 52 1

TV K IR 2 A 7S R G D e 1 50 B 1) 1 B R, HOZ DR AN 52 X
VIR RR I o BARRUL, 7K 73 Wi 2 FRARA BT K 3, M43 35 R BT 40 2 7K 7% 2 e
71, TERUE 2 AR s, BRI AR, StEEH . WMz mE— Ry K
AR, mE B TE (RIEYK ) =E) BR R SEHREEAET . St e /E TR
W RE B o LAOEAb 2268 . SIF RIEAEERL (NPQ) —AMENUBE. T 5 e 51 R a7k F1 IR
AR B i AR FRRR I, dE A R R DL B =500 &, sz SIF &
SIHLEIAN SIF-GPP RO . ASHI 7T N A THRISR 2O & RPN & 48, A2l
AR HADES B K IR OKBFNGKR) Zefth L, [0 E A FFREE K5 a4 /N2 A
BB v REDEEMBCSEL, BRIUK T MbE YK IR AT SIF RS A
SIF-GPP SR A 52



Leaf water potential !
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Bl 1.1 7K il St v ROBE SIF RS HLHIT 78R &
(2) 7K piE Xt et 2 RE SIF &AL A SIF-GPP SCIHL ] ) 521

WEFERW], RS2 AE T, R AT LIS I e 300 A0 AL R AR U e 2 BE 1 5 X
B H (WIRR) YRR XK RR, EEAENHRPLEARE 228 AL
ST AR A A SR A BN A M)W B R, DR IR RE 0 SIF S AL AN SIF-GPP
KM AN BREF NS (1) BRI T RE SIF M Rt B, NATEZ
T SIF ML AR FroC i A 2 a5 S5 (BnTscill), @& mEMRARLG. M goul
AR ZAEALIN, SR FEANFA T PR REXS T J2 T SIF A HLAIAN SIF-GPP IR SCHRAL A R4 o

@& I SIF S SHHBIRES apmsy  mpasy O MHASIEGPPRBMBIGE
MR B ? | RgEeee e HEMIREBIRE?

- ¢
o LA GPP NG
Photosyvothesis

B ESIFIM#R 5t REX ARG
Bl 1.2 7RG e e 2= U SIF RS HLARI 727 7
(3) ZETHEMKIIMERKIEE SIF iy ) FE 7

SR IR T PN 2R A SIS A, e -T2 SIF MO R AT R R
{HAR ML T AR B A RN H G R SRR O (SIF) Ha s A& S A 2L i £ B4R F Aon
TR W . 4FT STEMMUS-SCOPE #5584 (A /K B T ik, I A 2% 1 B i
KB AL . AW Richards 77 FE R HE sS4 (D 3K 3 5K Z A1)
RR) WK IIECR, HEMTHEM 22 R &Kz MFKREE, SE8MAans (1)
A2 B EHE R4 R, K SIFE S I FR 6 K 2 e e i e R L ) 4R R #
STEMMUS-SCOPE ##17F & (LK 1), %F STEMMUS-SCOPE 47 oiidk, Mt fets
TUR £ FEF ST Py -5 2 SIF R S R 4750 00X 250 R A 55 il A R 7 P
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1.5 HFRBFR

ST E A TR, AR IR R R A S R ST R A I B . b, 2
T HATARED M s i 2 B A S R YUK BRI RRRT T, W RIK 2 RE R Ry K 5
Wi AN e 2 P 3 R B 2 AR RS RGP FET G, AT E R 52 Sl 7K )
PEIR AL St SV E R AT SIFREBGE AR, AT 1S SIF-5 GPP 2 [8] Y S IBRHL ) A AH B
IAeAE. PRIk, AT H BRI H brdd N2 AR X M e, 2 R S e A
B, AT R -5 E SIF A LI ASIF-GPPICERHLAI I FEr , I3 T L A,
T IR b, Ee 2SR TR K PR RISIFRT A AR, O 3 X5
AT LR AR K 53 58 PR A B AR AR AN R 248 =

1.6 MARRAKREIE 0

(1) nrs T+ PRI SIF MR, Kok Ar, SIF A M2 mes, HAE
BRI BT SIF AL AT SIF-GPP SCIRATL I B FE M 7 T sk Z IR AR FE . Oy 1 WA
VIR SIPERAEARIS s ANRVREE SIF S AL LS AN R R SIF-GPP SCERBLI An 1 224k,
A SEIL SIFL GPP AEA7K FI VAR R [R5 LI 2 7 B DR IR — A R B 22 1 e

(2) TFHLIX SIF 1) IE A0l 2 SIF B 78 B A SUAHE A 24T SIF | [ LAY sk = FE A 7K
JIHERIZE L, Fom TR RAE T 5T R X RIS DR A RSt 7K 43 Pl 3 114 i Jo
JER R — DR WA HEYIK RS EA, @ESLHEYIK IR SIF B0l 2 [8] (1%
R, MFET R RR A FE o IR0 SIF AR, 3 v HAE 7K o0 a8 264 T R HURS FE
FE AT H e A B AR R R 0]

17 RTTR SR

FETARTUH MW IT B AR BT TN A, A B A SR BURFI A |, 78 20 WRCE )
R SRS ST IR R BT FURCR R GEt I T R AR
JERJE SIF-GPP SRIRALHIN 7K 73 e Al N, F R0 K 0 VEIR Y SIF A, 4k
YaE AT H AT 7T A AR BT AR RS T R .

AT THRI AP B R IX &N AR TR TER R, LN XK 73 12 1l 36 A 4 [F] 25
MENEERY, 5 GRUED T PO A EE, WIEYI KRS SIF B0
HRAR, IRV SIF 5 GPP SRIBALA LA /K 70 B iR N, # i T Ha VK VIR 1 SIF
AT AR . Sk TR 2O & R MM AR G, WA FEKD AT, ZNEMEERAK
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v R ) SIF-GPP-NPQ = 1) 58 2 s LM FH B Ah el JZ T SIF WIS iR fEAH R R4t (EC)
FRELR) 7 JZ T SIF A GPP #dls, WF5T A AR5 AF Tk JE T SIF A& 5 GPP BRI, JF
GEE T SRR SE5, BEAT SIF AR AN [ FARE R (e AL . BT DA R PR, ¥ SIF
R I R N K 4y W 3E i me B L ) 4R R 2] STEMMUS-SCOPE #5684 JF &, X
STEMMUS-SCOPE #8147 et , MR AL 1 A FER FEAE I - J2 SIF R Sk Fxt
AN IR PR35 1 38 DR R N o DASHER ot K 4 ilE R SIF RS ML AN SIF-GPP S ML
FRfE, AR TR EIALR K SR B AL E SRR AR 1 T . PURAUN T AR 2%
Wk 2 Fioss

L&-‘Fﬁ%ﬁﬁ&ﬂ?smﬁﬁ&ﬁﬂﬂ?ﬁ)
B T ™ ™ ™ e ===
U emmERmEA s e | ABERDER |
l HBENE, BEK | | | 2%, BEX ‘
| ——— | . % v
[ etEmee | [ ke ] | ekl mm | [ kemw |
| kamE | | REBK | Peamw| 8% | | RSk |
; WMRG | | BN | AR IR A
_____ s e el S el e
3

|| BEHSIF. GPP, NPQ. | | | @BSIF, GPP, fkk | |
| HKERBKBEMSKE | | Gﬁﬁ*%ﬂ%#*\ }i
y | v ||

| B REREAS ﬂR&' SEREAAMER | | |
| |esuTsESerpE L H s #ERSIFSGPPXEHL |
| BB 7 Nl B | !
) | |

1.4 ASPREHIR H I BA 5 22 1]



18 LXBREMRTR

1.8.1 56 X Mk,

()R 36 %I T 2021 4 6 A 3 2023 £ 6 A 7E PR MR K22 2 X AL 5 KB 7t
Bt PN PRI R% 20 e 9 A a0 /s X R 58 FH R AT o B T o0 ~F 5 (R4 108°04', dt
25 3420", gk 506 m), J& Rl 1 R IR A 2= AT, AF- T34 0656 I 212 d, PR 12.9°C,
SPEYZE R & 1500 mm, PR KE 635 mm. RIGH R3O, BHEE IR ARER A 1R
N: pH{E 8.14. HHUF = 5% 13.6 g kgt £% 0.62 g kgt 4% 0.58 g kg, &4 (K:0)
15.2 g kgt. 0-100 cm =2 HH () 3K R 23-25%, 255 /K% 8.5% (DAL i & & /K
), F¥FHENL131gem3,

B 15 QTR RIS 2 R B/ X
1.8.2 HEALG ¥t

ARG BHAE TR A iUA} 2 57, K/ RO CPEAR 9797 IRIR IR AN IR IR 45
b P s R A S E , &b aE—BCT 10 A N AR, O 6 H iR Bk —
et 6 A rh AR A, 44 10 H AUt /N X AT K B e R FH RS B (BEAE S B
AW PR) 2.

TR A AN DXARES s 32 BEHEAT AN [F] 7K 73 e S5 A T XS R SIF 280 SIF-GPP SR
VR TE, KN E AR E I SO A R 4 MEE B B R
KAAEE MR = A3 A R HA- S A L bk - VR R IR R S - 4 AN
BB SHEVIAFRA B AT KA, /K% B L B K 21 85-100%. 75-85%.
60-70%. 45-55%P0/MEE/K /KT, Hirb 85-100% 40 H K TG /K 3 ir il i 4 1 A%t R 4H, R4k
HRTETWERE 3NES, L 124X, (EWA B A ST b KR AT H BTkl 7 14E
YK BOWI, BAR RIS A F AR 1 BT

1B X A B

b3 BB 1 BB 2 BB 3 BB 4

CK 85-100% 85-100% 85-100% 85-100%
T1 75-85% 75-85% 75-85% 75-85%
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T2 60-70% 60-70% 60-70% 60-70%
T3 45-55% 45-55% 45-55% 45-55%

KR : FEH R EERE &N 5K SIF-GPP BN R T 5 1w REAL ] .
ZSZIGHUAE 200 mx<150 m IR A, AAESGEUWNEG . WEAHRK RS B SIF W,
WA H e 2R E SIF. GPP KSR R F b7 Wil . ELARE K EARYE 283 R P I & 1 I
HEATAE 7R 43 EE

1.8.3 MW H 5771

(1) 1EDHAE FAEMM: FRMERRRKITFE . TR FSKE (kTR
Fr+ Fr §K2) FH & [E Dynamax 2 &) A2 72 1 i T /K 2600 E s /N2 AR & 57K 2% F Model
600 Bk Jj%E (PMS »~d], EE) #HTE; TR, MEH R SKEHBESEBRIE
(Evaporative flux method) #E47%E .

(2) 1EWAEFE R HEAIEECRH LAI-2200C &2 BTG E ;s 1R E s Z, K
FLBE AT+ Wty Z5 o 2 55 AR B AR AR ) RS RO B ACRERS 5-7 O H A2 4k ARk
#. LK PSYPRO U EE sUKFCE s MR 22K/ INBRENNE -

(3) TEWR Z¥Ehr: FIFH CI-600 AR R A M R G HAT AR K o b HE 264 T 1R
VIR RBNZS I, (R E R R A AR B BORE A BRI 15-20 KSR A28 XA RHE PR AR F
ITHURE, SREUAFE T EMERK .. BRI SRR EKERER.

(4) ZOCSEADCEHEZE RN XA R EE SIF A GPP R FH AR S258 1 & 1 i
PG E R MM ARG N . KHIREEERE GPP, JyBij 1k i T s e 3 B 22 0
BRI, KA IREM R R WM ; w2 RE SIF XA SIF B3l R4
JURNIE

(5) 1EMFRKE: KRHRE R Z B EEMTKE, 456 B3R el S K FE N &,
X R RS HEAT 3R 78 3 E R

(6) G HIE: R AN TREIATRIR . BSMEIRE . 2 m Sab i XGE . A B 5
588 JEE A B 7K B 5 (RO s 5 A R BRI 1 T3 9 1R B X — R G i B8

(7) HEERIREE bR 76 WA R0 o A & IR AR KA (BTM) JESI &6 X
0-100 cm £ /Z & /KA HIRIR AL, I B WA v DLORIE B AS 1

(8) LML EAMNTESEME: HA Konica Minolta A & ] SPAD-502Plus M-4¢ & it
LG E A .

9) TEDARARBEIEI . FFHPIEAIHLEERG 1 /NS R4 BRI AR KR, St == 31
o

11



#—&F STEMMUS-SCOPE &R K& T 51F
2.1 R

DA H PR AR AR RG (K/NEEFRKRHD R, AREME T HTSPAC
RS HFISTEMMUS-SCOPEREAY o T Akl i 4 /N2 B KA HH i W B4 , A &5 £ SPAC
RGHER T, 4 SCOPELSTEMMUSHEAT#E &, #SL  SCOPE-STEMMUSHEAY, &% [
SCOPEE jek /= Ha 5 A% J A% S A FIASAUL 7 1T 1) A8 35 F1 STEMMUS FE - HE 7K Fvig #5400 (1 1L
B, R T SCOPELET T 5% 1R T X0 188 £ oy il 1Y) i i

2.2 STEMMUS-SCOPE & AR 2%

[R.T.\!o: Transfer of solar and sky radiation -—‘

[—0{ RIMt: Transfer of radiation emitted by vegetation and zod §

'—D{RT.W" ransfer of fluorescence

5 |
~
& |
|8
(= = |
] itevarnon
= Q Upchared T, T3
¥ I [ maoremk |
| g 1
S 5 1 = -
|23 1 o] | o Netradiarion, leaf biochemisny,
1% 1 | : aerodynamic, canopy and root
| g T | S| resurances, soll waver povential
= 2 I AN I - weratton O A et
| = = LUpdated pleqf. SPAC eguation
1 & |
e l | Leaf and canopy level fluves, leaf and
1% % " ¢ R
|2 8 sail temperatire
== | 1

r |
-:P.l.“l B e T e I
|

Updated REDm——

EX3E [STEMMUS M| — — — T T T T T T I

| [TwRETERE [ [

¢, LEs, Ts0, RWU-

| R : |
008 pROperTy parmerers
‘L + Jlﬂoorgm\r.'h equation t—l £y s
| [Phuros) vithate allocarion equarion ] |
| it it s b e i) |
| e s | |
- {Q)_grg' balance oq unInm:JJ |

— ' L

| an ap bolance equarions J | Mass balance equations J |

| b o v ——————— o e e o i - 4 I
l { Boundary condirions | I
s i e i T i O A e g S R

precipitation, soil property parameters

Imitial 201l temperative. soil motstire

K 2-1 STEMMUS-SCOPERE&H AR IKZE (Yuetal, 2018; Van der Tol etal., 2009) .
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Fig.2-1 The coupling scheme of STEMMUS-SCOPE.

DL R SR SRR AR S R GE (K/NER KR D MR, AZME T T SPAC &
4i 1] STEMMUS-SCOPE %Y, % B # i FE AN [F4F1E, STEMMUS-SCOPE (145 7 45 1)
ALy R s AR R SR AR K I EE I B2 (SCOPE) Al -3 /K #viL S AH S I A 2
i (STEMMUS).

SCOPERR! REA T L . JeaEH UL R B 1) — 4 A P A Y . i Y 1)
P 2l # &t ot S B R NGE R AR ST Y, € B ot AR A S B G
SIF. GPPIWfUStE, JHBRAEE. FEAEHSEXISIF. GPPIIsZMT, PLATE PR f#RSIF. GPP
ZIAR R 5 SCOPERLAY 43 73l R FH - v i 56 A% i Fluspect BEHURT 3 T SAILAE AL I RT Mo H
M REREERERISIF, HrFluspectt # £ PROSPECT AR (4 &, 14hn 1 M- J
JUE EISIFSR S fE % . SCOPE H R A7 75 I — > 32 22 1] /2 AN BRI 1 I ANAE 4% ¥ /K =P
17, RN B A K A XA S FLI S 2 Edl, DRI 28 R AN e Jd S0 S0l
FHRNL. BRI, 7ESCOPEARAY Hr 5| N T3 /K /(5 BARA L EE. Bayat &5 A\ CUKs Sl - 38 4004
F T SCOPEFE T F 251 T HE kb T 4 THI ol T ik FE (AU, , 3155 7 SCOPETE T 52514 T [PAR AL
W BTS2l B3 K4, 1EH KSR, ARt AT DLSRAS B HERR 1) 143K
MEE. BRI LK SRR ZNE T LIRS ARREN, Zengetal. (2011b) HFK
[ISTEMMUSH BLIE i % i L b SR 3, mT DURGF AR L oK AR G is# . B i,
STEMMUS F1 28 80Uk 11 82 3 F-Penman-Monteith A 2, 4R 5 813 /K 20 il REck i+ T
B TS E MR RTUKEN LR AR Fit, @idt#SCOPEMSTEMMUSTESPAC
KRGl FHATRG, 0T DASCELIE THLEE I &/ 22 B KAk H fi ThD ok P2 AR . A
RH AL E 5-107R.

2.3 STEMMUS-SCOPE 122! fh 3 Ei3 B U EEHE AR

2.3.1 SCOPE # ! ¥ Eid BB R

SCOPE (Soil Canopy Observation, Photochemistry, and Energy fluxes) A7 & J i #2 3F
LR T RS E AR A RE RSP AT i e i A2 AR AY. (Van der Tol et al., 2009) . A5 A
TR R Z0 T . e RO DA ER . UK E AT, {HSCOPE H R SR 74—
SE [P He i 32— A 0 B2 SCOPE W A 28 S L B FIE 4 /K &4, [RII e
B R AT LA IR 338K 73 AR SR FH B SALIR D 24, Btk R 30K 0 iia
SRR R G ARFAE 7= AR R B 4 BE B SCOPE FT3i45 . {HBayat et al.  (2018) [ 7t K IH»
TR 2 R IR AR AL IR BE MRS 70 38K 70 B A R I B2 . DRI, 2 SR 2% 338K 73
TR, 2% SCOPERATY rhGPPANETARLILLIE e — E RE L A 72« 1% ] R R 1] 1 SCOPEAR
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RUAE IR 53 2% A BRI A AR BRVE B) E B R F AR RG RN H . 782445 5 ™
HTRIESRGH, SCOPERETR A - IFE7K 43 o1 {5 H K ff (4 M R X0T L AE 1% 8 A 25 R 48 1)
N NEE (Zhou et al., 2013) . FfJ5, Bayatetal. (2019) ¥*4SCAC% % 5| A F|SCOPE
R R 4R 7 SCOPE_SMAE Y, J:%FSCOPE_SMY7E M A= 25 RGEHEAT 7 WAIE, (HiZRA IF
R R R DX 58 AT A0 438K 53 23 (R RE o

FESCOPERAI Y, A1 I AR R i@ 1 Farquhar et al. (1980) 2 Hi % A i A Sk sk
Do Hr, CAEMIEETER SR EIE TR = A5G R AR B/ IME R G &
PERIE R, X =AM ARG (1) I S HR 2 A 3o 56 52 A% B — 1 18 72 (L I8 in 42U ( Rubisco)
TEPERR B EAE R, AR AR (5-2) FiR;  (2) RGN R B B 1A% 3%
HORBREI FAGES;  (3) SZPEPRAHE R R 1 [Ffbd %K

VL‘ = V;maxWSF (5-1)
N

yo= L ac (5-2)
¢ 6 2a
L

V.=Dp, |k —— / P (5-3)
p;

A=min(V,V,V.) (5-4)

Aot 7., N Rubisco S KB p, AMLIE COz 4IE: & 9 PEP B (LG — G
WH P ONKAUES.

SCOPE 1, fHHMEIFR (R, ERMITHEARDT:
R = £y (5-5)

d’ ¢ max

X, LN ZE, @EXT C3EYAE A 0.015, X1 C4 HEYHUE M 0.025.

AR A TR
A =A-F (5-6)

n d

SIS (smb B R
0.625(C. — C.) p. 10

r = = L2 (5-7)
¢ A M, P

XA, p, (kgm® NESREE, M (gmolt) ATZESERSTHE, P (hPa) NKS
£ 77,
SCOPE 1, J#HGEE LE (Wm?2) MitEIT:
1F =23 "% (5-8)
I, — I,
K, AABEKEAR QkgD, ¢ ARFLNEE TIEILBEAEE (kgm™), ¢ ANZL
FRESIRE (kgm®), r oATSs % (smD), r oS FLE s IR T A (smb).
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Hrpg i Ear:

/v
q, = e, L (5-9)
D
e, e AAVE (hPa), I, JKEIBE/RIER (gmol®). Refte FHHFE/AR -
M
0. 0001y —-
e, =e_ exp R (5-10)
! * T +273.15
( 7.57, J
e =6.107 x 107" (5-11)

X, e, NBEENT B MAKIRE (hPa), w NMH/KAEKH kg, »NEER
SAEEH Qmolt KD, T AmEeHgEE (°C).

(& ]
v
.7
X
0 iy i 1
s A
LE - @ /"
A 4
| (LIS 8 - ey
E Voer Ty v Yy *
| ’ A
- 'Y\-
€T Tod (:u/uu Vier ' Vi or = N
AT = AR i T A .
¥ B )
Yo
Y
£ R~ LE i
— -—"—-
| S g ' e -
e w R

K 2-2 STEMMUS-SCOPE #5 eh iy 7K 345 Al g &1 17 12X 2% 4 I

Fig. 2-2 The iteration of leaf water potential and energy balance.

2.3.2 STEMMUS &% 3 Eid B FBE R
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STEMMUS (Simultaneous Transfer of Energy, Mass and Momentum in Unsaturated Soil )
B R DB AR A R oK, R PERGIEH8. Yu et al. (2016) £ STEMMUS H15] A
T Z AR RBKARE R AR RIBOK B I8 Id S-W SRR sl XU EY) REGETH RS TR
YizEls, B 0K A TRl e R S S 2K SRR R R R R T RiE
R 78 I B A AR . R IR A 75 ¥k AT AR S i ASADL /K 23 ikl S A T M ) 78 i AN 1
B ahds, (BN THEYERERE. Bk, dulf STEMMUS HiR R2IBOK B ) 5
3 TR AR LA F B AR ST B

| may#ax F——————_'I
|
I P Davey s | !..’-.. e »
R P —o{Fick’ La I«n‘l’._;jii; — ]
T T G |
| [Khvin & L o | VT
) v ) | e T
I e e e ez s e P
| =T | | .
I : r A P 2 :t—l
IR | Es ' | S
Tk S ot | y y
l_ i _4‘ ——————— - >, — tm Energy Balance Equarsos 1—1’ “T_.,
" . tkwven i | i j |
| DWP.'nmr.-J! 1 Li’q e ke | I ' | _________
L&U;l& (RWU) KIS | |
B n o N s 1
l S
‘ . Her mw |—f—Aihecno—b)
| a2 T e ., S
. e Ea | 5
R g oDy ¥ e | —tebeceir—y
| S SR T RS ESE R 3 |
2-3 STEMMUS &8 R B 25 [&]
Fig. 2-3 The scheme of STEMMUS model
(1) HFARGTFIELR
0 0
E(p/ﬂ/, + ,OVQ) = _a_Z(th +4,,+4,+4,+q,+ an) -5 =
(5-12)
0 oh or K OF 0 oh or or
p—| | —+1|+D) —+——"F+—|D, —+D, —+D, —=|-S
0z 0z 0z yw 0z 0z 0z 0z ¢ 0z

X o o (kg M=) RUONBEKEEAMAKIREE: g, g (m®m™>) 59K
MZKEHIRR G K E: 2z (mMFoREETT AR (0 EAE) + 5 (57D NRARBIKICH.
K (m s KIIRE; A (m) AETIKk; 7 () NEBRE; P (Pa) ALK

16



JEo yw (kgm?2s2) A/KIIELE. D, (kgmtst TY RNEEHESEBS KRS FIE
MREG D, (kgm?sh REEKKFE: D, (kgmts? TYH NAKEY HARE. D, H
SERUKIEA I R % (Zeng et al. 2011a,0) . q,,, q,, Flg,, (kg m2st) 50 HIE T,
i R SRR LIRS S KB R . g, g, Mg, (kgm?st) 23R R H . A
SRR IR B KR

(2) FE|TFEAR

0 0 op Sk, or q op
lep (s +H5 )] = L) p PLay s e g 2y (gp ) K| (513)
a t I: pda ( a c L ):‘ 8Z e GZ pr/a /Jﬁ 8Z cpr/a pL ( a Vg ) 82

X, & e NILBRIE; p, (kgm™) TESEE; S (=1-5) NEENSSMME; S
(=6, / &) NEIEWAKEME; # AHenry’sH¥; 0, (m? s1) Akt ¥
FHAEG £, () ABAZUE: o (kgm? sH HEEKIERE: 0, (=6 Hlih
TREAMBEE; D, (m* s AT RTREFRE (Zengetal., 2011ab) .

(3) BEBTHAR

G 00
~ ':(pg C + pLQLC[ + pVgVCV + pdaeaca) (T n Tr) + pV&VLO] - p/W a_; -

at s s S
(5-14)

a% (/16[[ Z—ij - a% (0,0, (T=1)+q, (L + T =1))+ g0 (T -T)|- €57 -T)
X, ¢, ¢ 6 €, Qkg™ D 3Ry HHEBRL, WBESIK . KRR S RV
p. (kg m®) AHEBRZE: ¢ HEERAERLLE: 7 (T NBHERE: L, Jkgb
NIRERTHE AR 7 (O kg™ ATEMEZER CHA R 5 R 33 o H 0 B i ¢
BEOHED ¢ A, (WMD) R EBEMINERE: o, g flg, (kgm?sh) 4504
WA KR,

2.3.3 STEMMUS-SCOPE #&% = Eid R KB # iR

DL PR ALK HAS ARG (X/NFEE T ARH) N, KRZHE T HETSPAC
24 [FISTEMMUS-SCOPEfE %Y ,

(1) REEKER

N RS —LIRER RS, ASCERMEGHEA RGN TR R A KB R
REKRAEK . ZRREKBERZE T INRAT R IITEYERL (STICS) (Beaudoin et al., 2009) .
(1. 1) RXRE SRR

R DR BE BIHT AR K FE X T3 MR & N B Fh R BT, R R R B 2 A AR AR T & AT
GRS ) S B AR X R P
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0 I, < I,
AZ ={(T -T Y*RGR T. <T <T_ (5-15)

min

(];nax - Z:nin) * RGR ];nax < 7:’1
D (i) =D (i-1)+az (5-16)

Rof, AZRE | AN KRR AR D (om) ARKEE T (°C) NEA
EE T, (OC) MR EEKMBIGEIE: 7 (°C) WIRRAKMIRRRE, /R (cm°C
day™) AR X IR A Kok

(1. 2) REKEKEEHY
R 2 AR AR Rl T AR 7R P A AR 28 70 AT R AR SR AEAR X A (1 70 A LE =, A 7 I
B 7 LR RSB RS, 2 AR — L EAR R
A = fr
n root (5_17)

2
RC * RD * 7k rmot

ARI _tot =

Rob, fr HRAROE AT MATAM, I LIRSS LA AIEH0K 5 & R R L
A 9 G Cumol m? s &, WRTHHUR S, R, AIRKEE (mm), ARL_ tot
(mm®) eI 5K P K

ARG % e TR eI A, AR AR A X IR R 16 A 7 20 R .
AR

4, = max[0. 1, min (L, 4,)] (5-18)
X, B, ARDOINBCE 35 33K 77 hie R4
A, = max [0. 1, e—/gm} (5-19)
Rebt, K = 0. 159 R AL
34
fr,, =max|r.,I, L (5-20)
roo { min AL + 2Aﬂ/}

Xf, 1, = 0. 15 RIRECA AT R B ME, 7, AFEE FIERa & TR AL A

YN VA
ARI(Z) = ARI  tot * RF(Z) (5-21)

X, RFG) AR | Z LR DECHS], ARIG) NS | EHAERKRK.

RI" = RITY + ARI(D) (5-22)
[, RIVFIRITURE | ZEIBAELK n AP K n-1 UK.
N RIG)
RF(7) = o (5-23)

T
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X, R EMRAS, RIG) NH T EHERK .
(2) £T SPAC RGHIRARMKIREY

A RBREBRKEEDZEBITEL T
s v, —v, _0.622 fé_(fl_:_iij _ (520
e LY P py \ I+ 1,

Ay oy NEZIREHKS (md, w, WHKE (), r o Mz KT
BEZ) (sm™) | RAZEFBES) (sm™) FAEYHIEE S (sm™) o e Me 735 9 HIK
PR (hPa) .

3K A IR IZ KA (Van Genuchten, 1980) , it T

(S{;]//ﬂ _ 1)””
P L (5-25)
) (04
s - 9-0 (5-26)
‘ 65(71 B 01”

1
m=1-— (5-27)

n

Ref, 0, 0, A0 43I HHEA AR, HHEMLRIE KRR HE5% 44K B (Van Genuchten,
1980 , Ak, o Fln AEHUHSE S8, AFFFR 0.« 0, o F1 0 (LS 5150.42. 0.0875.
0.45%11.41.

r MTHE AT (Reid and Huck, 1990) :
r = !
Y BxKxL kAL

(5-28)

qrb, BARKTEER T, A AEHOKIFE (ms™ , [ WRKEE (mm=>) , AZN
LEEE (m) o BRHELT:

27
B = (5-29)
In |:(7Z'[,V)l/2 / r}
A, rAWPFEE (m) .
K THRE R
A’:ng[l—@—sjﬁq (5-30)

R, K A EHIBRIS AR (s, IATLIREEEAR S,

r. WP WF (Reid and Huck, 1990) -
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r = M (5-31)
" LAZ

Arb, PONRARREST (sm™b .

ARFHBBA S r iH AT (Klepper et al. 1983) :

PZ
r = a (5-32)
* 0.577,

LA, PHFEST (sm=>) , 7 LR S EIERE, £oviE L EPEEEEIIZENR A
IEL . ABF5ed, HR¥EKlepper etal. (1983) MBI, £ HIEUE 0.22.

ESTEMMUSHT, HMilly (1982) pidkffRichards (1931) J5F&r] LLiE it Bl sk sk it
SRR ASRN 38 1) ) e B TR0 AH EL AR PR . TSR AR IR B i ) G FE b i -

%%@@+g@)=—————i—s (5-33)

KA, p, Fp, (kg m3) 53 KFIKIREE: 6,716, (m®m™) 737N KFK
KA EE: 2z (m) NAALER; g, Flg, (kg m?2st) 43518 LIRS /K FKIREE (1]
ERIE) ;5 S (s AR AR,

WAKEEEEAN =LA, A5 E K IR SRR E g, AR R RS 1) A sd &
q,,» WEARXWT:

or

o0h
q, =4, +4q, = -pk, (& + 1) - ph, 8_2 (5-34)
Kb, K, (msb FIA, (m2stoCh) AMRABEANESEAHAKHESE, b (m)
NIESKK; T C°C) NHIERE.
KFIEEWR BN AEE, 3R 17K LIRS S5 iR & g, AR RS Il &
0 SEHELARIIF

oh or
a9 =4q, +a, =-D, 8_Z -0, G_Z (5-35)

K, D, (kgm?shH NERKELETE; D, (kgmtstoCH RHHKEY BFRE (Zeng,
etal, 2011) .
AR AR RBOK I T
l//s‘ 7 - w]

S, = - (5-36)
_Z;’l. + Z”r’. + r

7 X,7

5 HABHE T AR R ORI T AR, ASHE T I R FAR B 7 o SRR
PRAEAR R IR RS PR SR R AME RO BRI I AR 2R B 3K 0, ASHIEFER A T
ST RER S 258 T AR AR T3 3K TR A7 DL K 7K 5 e 3K 35 AR AR KA A,
PR TIE 5 i AT SRR AR A MR AR AR &R 1 5K 70 B
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3% 2-1 STEMMUS-SCOPE & RIS 3 FR 3%

Table 5-1 List of parameters and values used in STEMMUS-SCOPE model

B i3 B BE
Nt

aPAR WO A A R S umol m? s

€a TRIKIRIE Pa

e R KT hPa

P KAIET Pa

Oa it = b7 AR kg m?3

ai AL IRE kg m?3

la TARBNSIERT sm?

RH LERSRITAES %

Rii AT RS W m™

Rin AT W m2

Rn RS W m=2

SPAC TR K RE S

Tair TR °C

u PIH mst

VPD AR L2 hPa

BE

A, A 2R pmol m? s

Ca W5 E CO K pmol m™

Cab A SRS E ug cm? 80
Cea HEHE hREE ug cm 2 20
Cu MK E gcm= 0.009
Cam AR A gcm= 0.012
Cs REYE 0
L3k 5-1

DAS PN il

ET AARUR mm day!

GPP ML= g C m? day™

he 7tk )2 1 m [0-1.95]
H TR W m?

J HL A i umol m2 st 150
Ke HICRE 0.15
Ko PEP #R {hJ (1) 40— 1 2 4L

LAI AR TR m? m-? [0-4.39]
LIDF A1 £ 4317 B [-1,0]
LE A W m™3

LE. e J2 T A W m?

m Ball-Berry S fLF IS4 4
NEE HER R g C m?day™

Pi fula] COz 43I Pa

re N1 A sm?



Re EERGTR g C m? day™

T T2 = mm day!

Te TR IR oc

Ten MR () °c

Teu R (RHI) oC

UWUE, & 1E/K R R g C hPa®/kg H,0

uWUE SEBRIK 53] FH 23 g C hPa®/kg H,0

Vemax KR R umol m2 st 50

W 7K m

RE

Aw MR DX AT I 4= 48K 5

AL CIEEDS

B REKFEESHE

D; *E[Zﬁig cm

i —ANREEIR BRI, 8 SO R L 0.22
frroot 1 [FAG B AR 2R 1K 43 R 3

Pa A A 1) BHL 7T sm? 1*1010

Pr HRA F] BT sm* 0.65*10"
RF(i) 5B TIEE KA KSR

Rlr FRIX S AR m

RI¢ I 1B A 2R i )2 IR m

Rl I TE) A -1 5 i R R m

RI(i) B2 HERK m

RGR MR X R P AR A 2R cm °C day™ 0.002

Ro PR A2 mm3

Fimin [F b = PR AR P 85 /N 43 B 2R 5 0.15
3k 5-1

) TG B[R A0 = A0 AR A 43 e AR 0.3

Moot WE m 0.15*10
Iy, FEAIXF DA S50 ) 1 140 2 ] BEL s

e HRAZ 1 KA 7 s

Isi 35K IH 7 s

Rc R0 )53 25 B 0.488
RWU R K & ms?

RF(i) 51 B AR & LA

Trin MR R AR K ) B /NI °C 10

Tinax MR FR AR K ) B KL °C 40

ANZ Bt I AP RKAR R AR & cm

ARI_tot  MRIX SARKAE m

ARIG)  F iR TERKAE m

T

Cs - HERURL L A Jkg? T

CL AR LL AT Jkgt €t 4.186*10°
Cv KR B AT Jkgt €t 1.870*103
Ca TS AR Jkgt Tt 1.255*10°
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Do T 52 A PR SR B FRT R WSO I A B R B kgmtst Tt

Dvn HFRARRE kgm?2st

Dvr MIRY R kgmtst<T?!

Dva IR AT i R

Dvg AR R R m? st

De HKIRAE LI ) 7 T B R 2 m?s*

E TIEE R E mm

G THERGEE W m 2

h - R T cm

Hc Henry & %4 0.02
K KITFE ms?t

Kg i3 M m?

Ks MIFK 75 cm day™ 18
LE; IR A W m2

Lo S I HRITRA T A Jkg* 2497909
Ma ARG kgmtst 1.846*10°
n VG 25 1.41
Py REFLBR SRS Pa

au WA KiEE kg m?s?

Oh BT R IR BN R A /K I8 & kg m?2 st

qur T 5 A R IR BN R AS 7K B kg m?2 st

Oia 2SR S B R B B A K IR kg m?s?!

Qv KIREE kg m?2 st

Qvh HE T A IR B ) K VR kg m?2 st

3k 5-1

Qvr A P B B R /K VR kg m?2 st

Qva 2 I IR ) KR A kg m?2 st

Oa TR E kg m?s!

S R AR /KT cm st

Sa g A

S KA

SM(i) H—LE RS KE m3m?3

Ts R oC

Tso g T oC

Tr SEIE T 20
w TR ZE A Jkg*! 1.001*10°
WSF KKy e F 3

WSF(@)  HE— L ERK s a 54

Znid T B R m

Ad T EEE m

ot VG I ZH m 0.45
Osat TIEEAE K E m®m?3 0.42
O - (K E m3m3 0.272
Or TR AR EKE m3m?3 0.0875
0 TR E K E m®m?
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oL
Ov
0Os
0Oa

Ysoil
ieff

AR K
S NAT
L R
R
EHYEEE RS IS
LAk
LA A E IR
KA TR
T
K
Wik
AR
AL

m3m?3
m3m?3
m3m?3
m3m?3

Wm?t <t

kgm?2s2

kg m3

kg m3

kg m3 1

kg m3

mém?3 0.50
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=% STEMMUS-SCOPE #EIZEEH . RALESRLEH
ISIE

3.1 RAIKFN K B UEEIRE

KR K BRI B SRS R KN AR A SEIREABESRIUN BN EIE, IF
X AR EEEEIENIZRHITRIE. HRALEFEEZEX, EXXHEHA 6 B
BE 10 AL, AEXM 2017 FE X RKWBEREVHTRIE. BXIKEIEME 54 FF

o

(b)
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= ] -
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Fig. 3-1 Seasonal variation of environmental factors for maize growing season at Yangling, China.
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A 7K H LR =R G148 bR RN #E & A B STEMMUS-SCOPE . (1) ¥ RiRZ%E
(RMSE) ; (2) $ERE (R ; (3) —#HMHH (b . HitEARXSHU T

RUSE = \/% (P - 0,)2 (5-37)
— —\ 72
" (p -P)(0 -0 }

o (2L -P)(o -0) o

0
n 2

g1 2 (]j ~%) — (5-39)

> (P -9 +]o. - d)

A, PO, 0 SIS, 0 N T, o AREARNE.
32 #HRE5WR

3.2.1 IR EEAL

Kl 5-5 %f L | STEMMUS-SCOPER) 3 /K 70 (SM) ASADEC A H 1] 33 /K 70 MLME . &5
FRW, 20 cm KA R AR A 5 Se M AR — 2. Horb, 7EAKYIHIAN
AR JE I, BHE R ST E AN A S, B 38K 5 B 2575 A ot B R AR 11 i) 7 14 A DL
FEMRE . BT RS RISTEMMUS-SCOPE F1 STEMMUSYE -3 /K SR JR B — 3, 8
AR K IR A 1S B BB P iy o 1 RS AU 5 F () S0 s 22 1 3 22
JEFRKRBCAPA: (1) HETF 3K a8 0 B DU, A% 8638 I AR 1 2 6 WLME = Ak —
SEREFE R (2) AW, T 28 7 A RIREE L3 BT 1A et (RO G T35 EE R
TEEEMGKE) , RS RERMEE—EMRE, fla, X TEERENS, LA
R G I — B N, RERSRE BN LR ES B E R TR ERLHH L%, W
FEATHE 7t H 158 25 H 350 O AN B B R FE AR AL 1Y) S 1

RMSE~0 023 STEMMUS B _ond RMSE=0.017 STEMMUS

— O} 1 5 4 =i %) — ierved

lllllllllllllllllllllllllllll
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RMSE=002] SOOFE_STEMMUS

d=0.74 — (Macrved

RMSE=0.021 SCOFE_STEMMUS |z

SKE

T =

1%

Pays Allgr Soomng Days Afller Sowing

3-2 STEMMUSHISTEMMUS-SCOPEA %! 20cm Al 40cmiA (1) -+ 358 i ASE4R T Lh
Fig. 3-2 Comparison of observed and modeled soil moisture at 20cm and 40cm depth.

3.2.2 TIEEEEN

P 5-6 NSTEMMUS FI STEMMUS-SCOPE #5784 %t 4= 33835 FE fAR40l . Ak id, PiAS
PR - 9 U PR ASTADUE A 3R B AR SR AR ST AE A a3 | —8, I B B . HE
1, STEMMUS #1 STEMMUS-SCOPE #i% 20cm 15 % FE A 4L, (1 1 5 MR 1% 25 (RMSE) 43
WA 2.57 12,58 °C, —E 4% (d) 40 51105-0.24 F1-0.25; 5%F 40 cm 385 B2 AA0L 1) 35 77
Ri%ZE (RMSE) 43724 2.05 F1 2.07 °C, —#tFa%L (d) 437°8-0.20 F1 -0.18. Z5H%K
0, P MR IR ot S I B R ARADL 5 SR, BRSPS, (HAR & 1A STEMMUS-SCOPE
FISTEMMUSII RS SE RIE A B EZE ST BRIZ Ah, PRRE B 7R L8 i ] ) Bl 25 R 3
—ERE . BONIRZEEE K AAEAR H AT B (DAS 40) o BT 70 b S it 11 2
R KBATIORHEHE, fERZE, HEWUKIRE BT IR, Rty gEmnr, T5E
FE 2 I PR AR . H T AW 5T R T R K R R R E AT WM, BRI Utk #E STEMMUS Fi
STEMMUS-SCOPE 5 Y ER\ B 7Y BE MR 7K IR A 2 R T, BT DAE M 7 U4 T &
IR PRI AFAE— R R 2, JE S FOR R XX — [l X AR R A7 et . [RIR,  IREAE
SR (PO 7E STt K S E I T RE A E— B MR 2. T KRR, REES g
AN, KIS HBARMLRARERT, ERTHRERE . a2, REFE—EMN
w7, STEMMUSHISTEMMUS-SCOPES) ] LAR I AT AYA [F] 18 B2 1) L 3988 FE 1R A8 4k

45 48

STEMMUS an < RMSE=207% STEMMLS
~ d=09 Observal

m)

Observed

é
4
)
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3-3 STEMMUSHISTEMMUS-SCOPE 20cm Al 40cmiz 8 -1 33l F2 S B AN ASTADUE X L
Fig. 3-3 Comparison of observed and modeled soil temperature at 20cm and 40cm depth.

3.2.3 BEEIEEMAL

¥ 5-7 NSCOPEF:Z!, SCOPE_SMPXZFSTEMMUS-SCOPEMR AN At il & (Y548 it
Rn, WEALE, BHMHMLIEHGEREGC) KB, EIFIR, = MR 8 5 Ra I BLAURE B2
By, SOIMMEEA R —8E, e RER? 417125 0.99. 1.00 F1.0.99. —=FEAIN +
PG B G 45 A zilr, SCOPERRAY, SCOPE_SMAR AL AISTEMMUS-SCOPE i #Y
E}@{}w%éﬁm”\ |}y 0.81,0.79 1 0.80. STEMMUS-SCOPE & HALE RIS LT, 1k
E ZHR? N 0.85, *EX??SCOPE%HSCOPE _SMIFI ¥R SE %1 0.82 A1 0.84, A HEHY (ALK
FEAEE] T REFEERIR S . &5, STEMMUS-SCOPE #iI SCOPE_SM X & #H IR 4DLKE &

Rzﬁ‘ﬁ']jjom %no75> HQSCOPEXTE&,.\EI’JE%U#*V 1= (R27'jO7O)
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Fig. 3-4 Comparison of observed and modeled half-hourly Net radiation (Rn), Latent heat (LE), Sensible heat
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(H) and soil heat flux (G) of SCOPE, SCOPE_SM and STEMMUS-SCOPE.

324 HABUKR ET. HEHYARE T MK K E B

] 5-8 NSCOPE, SCOPE_SM, STEMMUSHISTEMMUS-SCOPE X Z& B ET RN .
WP AT, SCOPE, SCOPE_SM, STEMMUSFISTEMMUS-SCOPE) (R?) 4354 0.76,
0.82, 0.80 #10.81, Rk (RMSES) 73524 0.84mm, 0.69mm, 0.76mm#Al 0.74mm.

Hr, SBEMEAZK5r AR, SCOPEMNE 5 LMME 2 K. T & 7 /K5

)50, SCOPE_SM, STEMMUS #il STEMMUS-SCOPEZE T- S A Z& 8k (ET) HIBLHL
185 SeiE B . iIX% B, SCOPE_SM, STEMMUS #1 STEMMUS-SCOPER] LA%Z N
HERR LTI 1% 2R AR AR KGR (ET) , FrRl RAEMA 2 /K o iia i, o,
STEMMUS [FIRLRIORE B RS T HoAD P AR Y, 1% 32 B2 B T SCOPE X 7t J2 4 5 A% i 1) AL 40
EEW@P& ﬁﬁﬁmﬁ%m%wﬁm i3 Em <l’§l 5-8) .

ol * || — E_SM o FTawiT
39 *

- u.‘n» ed —
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Fig. 3-5 Comparison of modeled and observed daily evapotranspiration (ET), ETo: observed ET; ETm: modeled
ET.

VU R RS R D 28 10 (T OREELRS e (] 5-9) . SCOPE, SCOPE_SM, STEMMUS
Al STEMMUS-SCOPER A AT S MIME 2 [8] (1) $h 7€ Z %7371 9 0.82, 0.86, 0.79 H10.86, %
iR R ZE 4> 515 0.60, 0.50, 0.67 A1 0.50 mm day™. TG % &+ K 0 SV 7E 15 1
20, SCOPEME AL FEANBEXT 7K 43 e Al ve 82, PR FLAE A 4 22 52 7K 43 W 3 B AL A 26 10
FRIRSADLRS B . tn B AT, 7EDAS 20 ZEDASA40 i), SCOPEA R ik 4 75 s AU .35
TS ME . A% T SCOPE, HoAth =Fif#d. SCOPE_SM, STEMMUSAHISTEMMUS-SCOPE
AT DL AU HH A A 22 52 7K o3 W 2 IS A ) 28 s B IR [ AIK . /£ SCOPE_SM,  STEMMUS Al
STEMMUS-SCOPE =%, STEMMUS-SCOPE #1 SCOPE_SM#& 4G & LLSTEMMUS &
e R YSCOPENS ik 2 RURE FRHE SR A% M B~ 4 RS DL L B B o, AEHDLRG 2
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WiE. MAESTEMMUSH, A& &5 25 T HON M L Beer’s Law, KUk, HXHEYIZ NG
BLRAG FERS K . (ERR SR BYCEAE A &2 527K A e IS i 28 s =, JF HAE B KRG & @il
WY ZEBE, X AR H T A IR B E L Vemad e T 57 S G 12240, AW
BV emax MY 32 387K IR GLZ A, IEFI & & & A 9% (Xu, L., & Baldocchi, D. D., 2003) .

BTN S, #AEAISTEMMUS-SCOPE R] DR 4 Hu i $U /K 43 ir 38 2% 28 S AE W) I FE W) 25 15
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iy ae &
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Fig. 3-6 Comparison of observed and modeled daily plant transpiration (T), To: observed T; Tm: modeled T.
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Fig. 3-7 Comparison of observed and modeled half-hourly transpiration (T).
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STEMMUS-SCOPE  #74 {{ 540, 5 AR . /£ SCOPERR A v, 387K 4315 5E e (0.25 m®
m3) , Kk, Hsebr K E T 0.25 mdmB i, SCOPEMSRLE & & kfl LIk, st
bRt 38K T 0.25 m® m® i, SCOPEMEALIE & 2> &l L1578 & . FRSCOPERL AL 4F,

SCOPE_SM#i#!, STEMMUSHE A FISTEMMUS-SCOPE# Y 3512 1 1 4138 2% s of 458 7K 43
NAZAHINE B . {HSCOPE_SM 5 B 5l 387K 4 B i A/ i N KRB - 45878 %, T
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Fig. 3-8 Comparison of observed and modeled daily soil evaporation (E), Eo: observed E; Em: modeled E.
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Fig. 3-9 Comparison of observed and modeled daily net ecosystem exchange (NEE), NEEo: observed NEE;
NEEm: modeled NEE.

3.2.6 M7KF. K7 HriE REARKE E IR

7K 02 IR BB K A RO ) B RS 8. /KA IR o e R an ] 5-13
TNo MK TEREYE L 2K o3 B I FEAIG, X2 T 338K 38 2 B A 438K 7 & & 1 BRI
BREAIS, AT 10 25 FRAEC /K 35 AT AT DASTAR 5 M\ B8 rh R oK o gk g S B0 72 R0k
AR ER, BTRARXETIRE, KA EWZAERBR N EEHEUR, & EERR,
7K 2 AR DR UE SE PO i L83k s Rz, UM ER/NY, HKBRE. BT
TESEBRIG L, S KA T K E S E I R, ARHE TS 228060 b T AR 53 ot
TR KA S . V720 T A TR 7K 3 0 H AR AT 17 OW . A B T3 BHZK R L
BT KR AE 4 B K S 4R E-73 22-88m, 4 I3 K MK T 80% HH a4 /K & IF, 7K
OB FK (Fanetal. 2015) . Martineau etal. (2017) HIHBFFT4E B2, JKIMIRIL B3
(1) FRIE R Bt KA o -82m i fr, M E KA 2K Wi iy, oK A A [ K 4 2 B 3]
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-130mZ 4. 4k, O'Toole and Cruz (1980) HJF 7T /KRG H 7K B4 7K 43 Bl U me B & B, 24
IKFEL 2Ky I, oK 2 B EI-80 £-120m, [ HF&kALl, X5E%K
St K g3 i 3E e B 248, . Aston and Lawlor (1979) 4878 T KK Z&BE . R RM/KAIH /K
HENER R, WAL R KA B RSYERERKT, I BAER IR SIAE

Elfving, D. C. (1972) JF &k HI%:TSPACR A /KB BB ARG T B33 TR, 1EiZit
FH, B K BE AT KB R E R L) N-120m, KR, RAMEDE KA E LR
KPR B AL ABEFA, P2E KK e K AEFEDAS30 2 DAS40, FEALN i 7K
[RME AL E A BRI VEE Py, X R BZA Y v] DR U R 7K 3 . AR, K il
REUPTHE LG TR X L3 K 7 140 A FIAR RAEA RINR L B 40 A, L3k o) i R &L Re &
TERR TR B ) BAR R BOK AR SR A DR B2, k1T 20 387K 43 AR A IR ASE 4
FEEEP AR, [z, IEIK A FIAR F o0 A it 338K 43 e R 5 v o A sg . d
i 8 B AINEE X LR B, A LR A 87K 43 i 28 200530 3wl DAAR b 20) 1 A 40 o)
7K 53 Jolr AL PR 0 S
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Fig. 3-10 Simulation of leaf water potential (m) and water stress factor.

MREKEERESPACRG M HR RPOKEN —NEESH . WK 5-14 Fix, fGHAE
FURIAR K25 FELE 10-20emyE Bl B, M 20em Z MR X JEE 02 PR . R 3 AR fLE 5
A FE 0 FE DL AR . B R B, R B R 22 8Ky, RIRAE . fROHHER
TR 52 (Amato and Ritchie, 2002; Chassot et al., 2001; Schroder etal., 1996) . Hi
FAEAME T P £ EF¥)—, STEMMUS-SCOPE W (& 7 +38/K /3 20 T HIEA &
AT F7 25 HR R A KRR . Peng etal. (2012) BFF T K H B KARK 2 N 284
A, SRR EAKRKEER 80% L AifE 0-30 cm KIEERLES, HIEEZAN
0.86-1.00 cm cm®, 1X5Ningetal. (2015) FIWFFL45 R —%. Chassot etal. (2001) AIQin et
al. (2006) HIWFFL4E KK, 7ESwiss midlands, H3K% P FIE(E v LLAE] 7 cmem, i
T HABBIF 52 0000 3 A HE K %5 B U4 . #E Alina and Fapohunda (1986) (5T, 4T R+
BEKAPIRIL 2K, HAR K2 I A 2.5 cm cm. Wiesler and Horst (1994) Xl 1 f#
A AR R AR SRR, 455K W], 1E 0-30cm L2, RK% TN 2.45-2.80
cm cm?® H HIZPFEMKZ 0.01 cm em®. %455 50ikeh et al. (1999) 7ESamaru, Nigeriafty ¥
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Fig. 3-11 Simulation of root length density (m m=).
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3.3 /NG
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TR R CFRM) BB RGUAT T 0 VPN . AWFAAEFLUXNET S, 5 2 B R
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[ How do the eco-hydrology processes of ]
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4.3 STEMMUS-SCOPE 1RE X R A 7S R Gk il 8 AR

4.3.1 REHRHRESRAERE LKKERERER
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S hed Qh: 14-day r ing mean. Obs - AUTum - P2test Model - STEMMUS _SCOPE AU Tum
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Fig. 4-2 14-day running mean of net radiation (Rn), latent heat (LE), sensible heat (H), soil heat fluxes (G), and

net ecosystem carbon exchange (NEE) of AU-Tum site.
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Fig. 4-3 Hourly simulation and observation of net radiation (Rn), latent heat (LE), sensible heat (H), soil heat

fluxes (G), and net ecosystem carbon exchange (NEE) of AU-Tum site.
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Taylor (subdaily): Obs - AU-Tum - P2test Mod - STEMMUS _SCOPE_AU Tum
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Fig. 4-4 Taylor of net radiation (Rn), latent heat (LE), sensible heat (H), soil heat fluxes (G), and net ecosystem
carbon exchange (NEE) of AU-Tum site.
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AU-Tum - P2test site metric summary

Model: STEMMUS SCOPE_AU Tum  Benchmarks: [81): CABLEr5%23_Tum

Mod Qle Bl Mod Qh  B1 Mod NEE  B1
Bias (Timeseries) B9 | .47 [ a2 | a0 a6 | 26
NME (Timeseries) 052 |053 0.76 | 0.54 063 | 085
NMEldday (Timeseries) | 071 | 0.8 078 | 0.81 21 2.7
Cotrelation (Taylor) 079 |0.79 089 | 087 073 |0.74
Grad (Scatter) 062 |083 1.2 091 049 | 075
Int {Scatter) 32 23 | as =33 71 5.8
DallyGrad (Scatter) 0.68 |0.74 0981 | 071 045 | 0.69
Dailyint (Scatter) 20 25 6.3 15 68 | 85
%0verlap (PDF) 89 | 77 60 72 67 2551
NME {AnnualCycle) 049 | 051 - 0.66 | 055 51 6.5
NME (DiurnalCycle) 025 | 0.27 | 062 | 03 0.41 | 0.65
Mod Rnet  B1 Mod Qo Bl
Blas (Timeseries) -11 5.6 L 27 19
NME (Timeseries) 0.1 0.088 I 28 | a1
NMEldday (Timeseries) 0.22 0.16 11 | 08
Correlation (Taylor) 1 1 045 | 0.34
Grad (Scatter) 0.93 0.95 13 | 15
Int (Scatter) -4 035 2.9 2
DallyGrad {Scatter) 092 | 094 035 | 1
Dallyint (Scatter) 22 0.6 19 1S
%QOverlap (PDF) 97 88 | 555 | 33
NME (AnnualCycle) 0.2 01 11 1075
NME {DiutnalCycle) 0059 | 0.039 L 27 | 46

4-5 AU-Tumss s vl 3R
Fig. 4-5 Metric summary of AU-Tum site.
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Fig. 4-6 14-day running mean of net radiation (Rn), latent heat (LE), sensible heat (H), soil heat fluxes (G), and

net ecosystem carbon exchange (NEE) of FI-Hyy site.
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Fig. 4-7 Hourly simulation and observation of net radiation (Rn), latent heat (LE), sensible heat (H), soil heat

fluxes (G), and net ecosystem carbon exchange (NEE) of FI-Hyy site.
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Fig. 4-8 Taylor of net radiation (Rn), latent heat (LE), sensible heat (H), soil heat fluxes (G), and net ecosystem
carbon exchange (NEE) of FI-Hyy site.
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Fl-Hyy - P2test site metric summary
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Fig. 4-9 Metric summary of FI-Hyy site.
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Smoothed Rnet: 14.day running mean, Obs - US-Hal - P2test Model - STEMMUS SCOPE_Hal
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Fig. 4-10 14-day running mean of net radiation (Rn), latent heat (LE), sensible heat (H), soil heat fluxes (G),

and net ecosystem carbon exchange (NEE) of US-Hal site.
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Fig. 4-11 Hourly simulation and observation of net radiation (Rn), latent heat (LE), sensible heat (H), soil heat

fluxes (G), and net ecosystem carbon exchange (NEE) of US-Hal site.
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Fig. 4-12 Taylor of net radiation (Rn), latent heat (LE), sensible heat (H), soil heat fluxes (G), and net
ecosystem carbon exchange (NEE) of US-Hal site.
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US-Hal - P2test site metric summary
Model: STEMMUS SCOPE Hal Benchmarks: [81): CABLEr5923 Hal

Mod Qle Bl Mod Qh Bl Mod NEE  B1
Bias (Timeseries) 96 | 14 41 | a1 21 e
NME (Timeseries) 048 | 0.74 0.82 | 0.79 | 066 | 08
NMEldday (Timeseries) | 054 | 082 2 | 2 082 | 085
Cotrelation (Taylor) 087 | 08 083 | 0.68 085 |
Grad (Scatter) " 095 | 1.1 09 | 048
Int {Scatter) 12 13 38 | 26
DallyGrad (Scatter) 097 | 097 081 | 041
Dailyint (Scatter) | 31 | 16 236 | 24
%0verlap (PDF) 74 74 60 | N1
NME (AnnualCycle) 042 | 061 23 | 23
NME (DiurnalCycle) 026 | 0.45 063 | 063
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Blas (Timeseries) 46 | 1 |
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NME1ldday (Timeseries) 2 089
Correlation (Taylor) 094 | 094
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Dailyint (Scatter) A0 37
Y%Overlap (PDF) 67 67
NME (AnnualCycle) 1 |093]
NME (DiurnalCycle) 037 | 033
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Fig. 5-13 Metric summary of US-Hal site.
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