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Integration and simulation analysis of temperature gradient based 3T and
resistance-based evapotranspiration model

Xing Yuhua' Zhang Dapeng' Li Siying' Wang Pei'?
(1. Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China;
2. State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University, Beijing 100875, China)

Abstract: [Objective] This paper integrates the three temperature model that eliminates impedance and
impedance based dual source model to simulate and compare evapotranspiration (ET) and transpiration (7),
achieving the fusion of different models and dynamic simulation of evapotranspiration. [Method] Based on
the existing two-source impedance model framework and the energy balance of dry soil and dry leaves,
combined with numerical simulation technology, this study simulated the seasonal dynamics of reference
temperature, and integrated it with the three-temperature model to simulate transpiration and soil
evaporation. [Result] (1) Compared with the eddy measured ET, the R’ of ET estimated by the three-
temperature model and the two-source model for the observations at Daman Station at the daily scale were

0.85 and 0.72, respectively, and R* of the simulated temperate grassland station at the hourly scale was 0.89,
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and the simulation effect was better at the hourly scale. The above research showed that the research
framework provided theoretical support for the estimation of reference temperature in the three-temperature
model, and better quantified the spatio-temporal dynamics of reference temperature. (2) Model scenario test
analysis showed that the prediction results of 7and ET of the two models were similar, provided that canopy
available energy (such as net radiation) and ground soil available energy (such as net radiation and surface
heat flux) were limited within the framework of energy balance. On the contrary, due to the mismatch of the
input driving factors (temperature and radiation) in the dry and wet scenarios, the simulation accuracy of T
and ET by the “three-temperature” model decreased significantly. Therefore, in the framework of energy
balance, the effect of three-temperature model was better when the input temperature and radiation system
match under dry and wet land conditions. (3) The reference temperature had certain diurnal and seasonal
variations. [Conclusion] In the daytime, the leaf or soil reference temperature is generally higher than the
actual temperature, but lower than the actual temperature at night, showing a large daily variation. In terms
of daily mean, the reference temperature is generally higher than the actual simulated temperature. The
results of this study provide a promising new temperature gradient method and can be used to monitor
canopy water stress and dynamics.

Key words: numerical simulation; reference temperature; three-temperature model; two-source model;

evapotranspiration; plant water pressure; energy balance
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Tab. 1 Comparation of input parameters between two-source model based on the impedance and three-temperature (3T) model
244 Parameter
WAL & SRR X LA
Input variable B AR —iR AR Physical meaning of parameter Unit
Two-source model 3T model
Sdq ] 4 4R ST Downward short-waved radiation W/m?
Ly ] N K P 58 5 Downward long-waved radiation W/m?
R, 445 4T Net radiation W/m?
B HH5 Meterological data ha AHXHIRSE Relative humidity %
KRAJE Air pressure Pa
T, T, Kl Air temperature C
u 7KF- A 3% Horizontal wind speed m/s
Zy T 51 B Vegetation height m
LAI T FA$E %L Leaf area index m*/m?
HBLIBYE Vegetation property L 2R MIRE Canopy surface temperature G
Tya ZH 5 JZRK R Reference canopy surface temperature C
R Z L35 7KE Volumetric soil water content of root layer ~ m*/m’
Ty Rz b 3R B Soil temperatureat depth z G
+ 3 JE 4 Soil property TG TR MR Soil surface temperature C
Taq Z: 7% T R TR % Reference soil surface temperature C
G T3 HGE R Soil heat flux W/m?
Ass + 3R 2 S E B Soil surface thermal conductivity W/(m-K)
Zss L HERGE ERMRE Depth of ground heat flux measurement  m
CLal 72 TE4E ¥ Canopy concentration
05 L3I 7K & Soil saturated moisture content m*/m*
A Constant T'st_min H/NMSFLBEHT Minimum stomata resistance s/m
T'st_max i KA FLPH$T Maximum stomata resistance s/m
@y T 78 )2 [t % Vegetation canopy reflectance %
aG Hh % 4% Surface reflectance %
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Tab. 2 Comparison of output parameters between two-source model based on the impedance and 3T model

¥ Parameter

Ty & . . ZHWEE L L &2
Output variable B IR Physical meaning of parameter Unit
Two-source model 3T model
T )2 R MIRE Canopy surface temperature C
457 2% Output of vegetation canopy layer )
= P & Py T T TE %) 7& ] Plant transpiration W/m?
TG 4R TR B Soil surface temperature °C
324 Output of soil layer e
= P Y E E +1EZ5 K 1E Soil transportation W/m?
IET IET W #E E Latent heat flux W/m?
H f B & Sensible heat flux W/m?
Ae i@ a4 Energy flux output -
¢ I & P R K BH 4R ST Net solar radiation W/m?
G + 3 HGE & Soil heat flux W/m?

Actual underlying surface | Ideal dry underlying surface

o ST BEL A AR -
‘ SR T AT 4—‘ Impedance based dual FESE——— SR P AR

source model

A=LSa\ 41— 138,

Gl LR

Soil surface layer

| eromn
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surface layer

I 1
I ]
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3 [(lﬁﬂﬂ (1i00ﬂ4] I i |4 [ =)Ly (=)o, |
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fuoTg |(1— )T fiLy l (1 -£)oT,* P ReTedt | (- feTgd Ly l (1-f)oT' i
™ | | ' ' i
10 ]
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B5IE 2 Verification 2 &
f a Fmmad  PUUME Observation value ’%1(; BRI R ion canopy leaf temp T :
|| JEJRIT A i Canopy leaf temperature (71) || g h :
I - %+ MR E Reference soil surface temperature(7 1
:| IR AR Soil surface temperature (7) |: — i iperature(7q) | |

] ISHIE 1 Verification 1

1 |
l| SERPE)Z 4R ST Reference vegetation canopy net radiation (R,M,)] :
1

: | T2 ST Canopy net radiation (R,,)

R A O, 28R LR %

Simulated evapotranspiration,

[} H H

S +HER IR S Reference soil surface net radiation (Rycq)
:|ij¥ﬁﬁ7§*5§§1 Soil surface net radiation (R,) :l G ‘|
]

canshirati o g H 5% G it Reft il heat flux (G, !
: | - HeBAE it Soil heat flux (G) transpiration and soil evaporation :-l — —:_%j:i%%-:ﬁ-z— i e—feﬂci in- jal- -ux_(_d)_ — 1
I ---------------------- l i
| J T = () f
+ Based on 3T model Ir
AW EME Uncertainty 3 24 PE Comprehensive evaluation

I ------------------------------------- - - -

]

: | PR WM Independent observation test RS AT Sensitivity analysis | H

BEIEEE T Wang SEPMEN. f . SR Z B GH: Sa. [ T REBARST: oy, B Z RT3 La. 10T KA o, 08 35 UR % 2 WA
To. LIERMIEFE: ac. MR R E; To. W2 RMEE; A RHEE; H,. HEd2 R4 E; He AR HGEE; BT. UK E. 13K
K T AU RN Ty NS HREZNERE; Toe. %5 LIRERME; Hy. SHEEYEZERIEE; Hoe. 5K B HIEE. The figure is
modified based on Wang et al.®® £, vegetation canopy light transmittance; S 4, downward short-wave radiation; ay, vegetation canopy reflectance;
Ly, downward long-waved radiation; o, Stephen-Boltzmann constant; TG, soil surface temperature; «g, surface reflectance; 71, canopy surface
temperature; H, sensible heat flux; H,, vegetation canopy of sensible heat flux; H, surface sensible heat flux; ET, evapotranspiration; E, the soil
evaporation; 7, vegetation canopy transpiration; Tpq, reference canopy temperature; 7Gq, reference of soil surface temperature; H,q, reference
vegetation canopy sensible heat flux; Hgq, reference surface sensible heat flux.
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Fig. 1 Schematic diagram of comprehensive framework and research ideas of the model
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Fig.2 Comparison of evapotranspiration between EC measured and predicted by models
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Tab. 3 Statistics of temperature indicators at different sites C
; . S - SELIT
b SR SR WS R i LS LEE
Stati Temperature (7,) Leaf temperature (77) Leaf reference Land surface temperature (7) Land surface reference
ation peratu & peratu L temperature (T} 4) Y peratu G temperature (7gq)
vH h\# 1
AR, . 21.44+5.89 21.05+10.29 22.75+9.20 20.54 +6.11 21.40+7.23
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i k2
AR 6.46+11.23 6.22+11.08 6.58 +11.38 6.59 +11.31 6.67+11.35

Daman Station
E: ' DOY = 110—300€20125£04 H 20 H—20128 10 H 27 HD, /NP K F NS, N =4 583; 2 2014—2015%, HPHRERFEELHT N=
730, Notes: 'DOY = 110-300 (2012—-04—20—2012—10—-27)), hourly mean and seasonal dynamic statistics, N = 4 583; > 2014—2015, the average daily
and annual dynamic statistics, N = 730.
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Tab.4 Comparison of observed flux and simulated flux
by two-source model

3 B b o TR R
Station Energy flux Linear fitting equation
R, y=1.1x-20.1 0.90
IET y=12x-44 0.72
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H y=0.72x-129.1 035
G y=0.33x-2.1 0.71
R, y=0.99x-30.8 0.98
IET y=0.8x-3.8 0.89

Tty B

Temperate grassland station H y=0.93x-25.0 0.57

G y=2.1x+139 0.64
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