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RATION FROM LARGE FIELD BY NUMERICAL SIMULATION

By Yasuhisa KuzuHa, Shuichi IkeBucHi, Junichi SHiMApA and Kenji TANAKA

Synopsis

When we try to estimate the evapotranspiration from a complex land-use sur-
face under the condition that the records of hydrological data observed are available
for only limited locations, we must use some technique to average each evapotran-
spiration from the single land-use surface. Even if we use the remote sensing the
observation near the surface and the technique to average may be needed for the
surface truth.

In this study numerical simulation is undertaken. The model is 2 -dimensional
so that the effect of advection can be described. In this model not only atmosphere
but also underground region is described in detail. And, the technique to average
over the area is discussed.

As a result, some basic knowledge about the averaging technique is given.
Evapotranspiration from single land-use surface is estimated at the center of that
area. Furthermore, as for the evapotranspiration from the complex land-use surface,
it can be estimated by each evapotranspiration at the center and each area occupied.
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Tablel. Symbol definition

symbol value unit symbol definition
C — J/(m**K) volumetic heat capacity
C, — J/(kg*K) specific heat at constant pressure
D,. - kg/(mes*mbar) | effective diffusion coefficient (water vapour)
E — kg/m? vapour flux
E, — - enchancement
e, — mbar saturaion water vapour pressure
g 9.8 m/s* gravity acceleration
H —_ W/m? sensible heat flux
h — % relative humidity
J, - kg/(m’+s) liquid water flux
J, - kg/(m*ss) - water vapour flux
WA — W/m? heat flux
K - m/s hydraulic conductivity
Kn o4 — m*/s eddy diffusivity
K — W/(m*K) heat conductivity (soil)
L - m Monin-Obkhov’s length
l - m mixing length
q — — specific humidity
R, - - flux Richardson number
S, 4 - — function of R:
8., — - stability function
T - K absolute temperature
t — s time
u — m/s horizontal wind velocity
Us — m/s friction velocity
w - m/s vertical wind velocity
x — m horizontal coodinate
2z — m vertical coodinate
Zom 0.4 - m roughness length
4 — mbar/K slope of the saturated vapour pressure curve
6 — K potential temperature
6, — m*/m? volumetric water content
6, 0.4677 m*/m? saturate volumetric water content
k 0.4 — von-karman constant
A 2.45x10° J/ kg latent heat for vaporization
0. 1.2 kg/m® density of air
P 1.0x10° kg/m? density of liquid water
0. - kg/m® density of water vapour
T — kg/(me=s?) momentum flux
¥, e, — — integrated universal function
¢ — m matric potential
ou , dw
E <+ = (ecrovenrontrnnneanianessrentiaciessentaosstesessarertotsonrannertronaracrestntonrersortonatasesaine (g)
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Fig. 2. Simplified flow diagram of simulation model.
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UPPER BOUNDARY 50m (except Cases.6,11)
480m (C 611

ATMOSPHERE

x
00m-3000m

fo, Yial—vaVRRMTI3 S —R T, % SOIL
N5 DFFELM L Table 3 1R L1, &, Twet] i, 7 WATER TASLE
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HU KA ASEH SR T IR GHERE F 5 m) IWEKMOM .
TKESS 5 &5 BLRAERT, &1, Tdryl @ Fig. 4. Schematic diagram showing
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Table2. Conditions for the calculation

Initial conditions

atmosphere : u=0.12/k*ln (z/z.) (except Cases. 6,11)
w=0
8=0,—0.12In (z/20.)
q: relative humidity =5%

Soil : T=15C
¢ =—5.0+z (wet condition)

Boundary conditions

atmosphere : windward : equal to L. C.
leeward : d’s/dx’=0 (s:u, w, 6, @
upper : equal to B. C.
ground surface: u, w=0

soil: x direction: each flux is zero at the edge of area
bottom : equal to B. C.
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Table 3. Initial conditions and boundary conditions

Case No. land condition radiation other feature
(W/m*)

Case. 1 smooth wet 400

Case. 2 smooth wet 400

Case. 3 smooth wet 600

Case. 4 smooth wet 400 not using stability
Case. b smooth wet 600 not using stability
Case. 6 smooth wet 400 wide model
Case. 7 smooth wet—>dry 400

Case. 8 smooth dry—>wet 400

Case. 9 smooth—rough wet 400

Case. 10 rough—>smooth wet 400

Case. 11 smooth wet—~dry—>wet 400 wide model
Case. 12 complex 400

Case. 13 complex 400

LEEHRT B, HASHE L TRHBEFAR TR TOEKEERET IRE LTV S, LKL,

Case. 11 ® [dry| OAHRIBEEERMEEE L CHAOHITKAL 10000m & L7z, & e RPOBUNHERE
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4, Y3ab—YaVvigREFOBRE
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ORBEEHVWBZ LT B,



B - i - BH - B BUEARTIC L 2 R85 ORRHBHEE O/ H ORBIIRIE 475

(0.1~10) x 1075 0.1x1074 (0.5~10) x 10”4

large smooth smooth ice snow surface
water surface surface

0.0003 0.001~0.01 0.003~0.01

sand soll grass (0. 02-
0.1m)

0.04~0.10 0.04~0.20

[ A
unit: (m)
grass (0. 25~ farm
1.0m)

0.5~1.0 1.0~6.0

fruit faras forest big clty

Fig. 5. Roughness length values for various land
surfaces.
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