Hiroki TANAKA HyARC seminar 2003.05.15

A possible explanation for energy balance
non-closure In an eastern Siberian larch forest:
Advection associated with 3-D atmos. mixing

Hiroki TANAKA
Research Associate of CREST, JST
Eco-hydrometeorology, HYARC, Nagoya U.

Hiroki TANAKA HyARC seminar 2003.05.15



Hiroki TANAKA HyARC seminar 2003.05.15

Energy balance in forest
RNET = Ssolar _Sref t I—atm - Lsurface = H +AE+G t S+ P

Ssolar
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Energy non-closure

H iy ¥ 4By # Rygr =G =S
Ex: Result from 50 site year of FLUXNET;

On the average, heat flux is 20

than available energy (wilson et al., 2002)
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Source of non-closured H oy, + AE, < Rygr —G — S0

[] ] Estimation errors

(1) Errors on Ryet, G, and S; Wilson et al.(2002)
(2) Errors on heat fluxes; Wilson et al.(2002)
(3) Sensor response for high frequency; Wilson et al.(2002)

[1 U 3-D atmospheric flow's effect

(4) Missing for low frequency; Wilson et al.(2002) Sakai et al.(2002)
(5) Advection at night; Wilson et al.(2002)

(6) Vertical massflow; Lee(1998)

(7) 3-D structured large scale mixing; Finnigan(1999)

From review for results of FLUXNET site; Wilson et al.(2002):
"Complex small sources — Under-estimation for heat fluxes"

Analytical suggestion from LES; Watanabe and Kanda(2002).
"Stationary flows - Negative imbalance for point-measured flux"
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Observations East Siberia 62.15°N0 130.51°E
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Net radiation: Ry =S, =S t Ly, — L

surface

T =_

Solar (Short-V\;ave)

4-component budget Net radiometer
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Observed net radiation: Ryer =S, = S T Lo = Loy
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Ground heat flux: G
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Observed ground heat flux: Gpjate[d Gprofile
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Heat storage change: S = Saimosphere™Shiomass

. 0T (2), ,09,(2)
Satmosphere = JO pCP af ) + A qat( ) dz
oT (t—t
Sniomass. = 'A‘levI biomass a( at delay)
aT, (1)

Amplituded A=

aTa (t B tdelay)
Heat transfer equation within stem (cylindrical material):

0Tsem (t.7) _ ([ O Tsam(t:1) | 10Ty (t,1)
ot or? roar
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Simulation for stem heat transfer, and S = Symospheret Sbiomass

a 10 + .
) [tems Varables
8T Forest type Young larch
%
O . - 3 = [ - ¥ »
S 6 Location 62 15N, 130.51E
= Maximum melting depth of soil l.5m
%‘ AT o K=1.0E-7 Biolocial rearch area 1600m"
© . -9
= 51 —0— K=1.5E-7 Stand density 0.42trees m
—&—K=2.087 Mean diameter at breast height 0.076m
O - T : : . 3 =2
Stand stem volume 0.02m m~
b) 1t Mean stand height 7.6m
0.9 + . .
08 L Mean stand height for ten top trees  17.3m
0.7 1 Canopy height 10.6m

ool 0T, (t —Tyga )
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Available energy: Rer —G—S=H +AE

[tems R neT G S S atmosphere S biomass
Number of data (hours) 3624 3253 3624 3624 3624
when S, =10 Wm™ 2474 2243 2474 2474 2474
when S .., <10 Wm™ 1150 1010 1150 1150 1150
Average value (W m’z) ] 115.3 8.1 0.0 0.0 0.0
when S g5 =10 Wm'™ 168.4 11.1 11.3 4.3 7.0
when S o <10 Wm™ 423 1.5 241 9.1 -15.0
Standard deviation (W 1’1'1'2) 176.3 8.8 32.9 12.8 21.6
when S, =10 Wm™ 168.4 8.8 31.9 12.6 21.4
when S_ ., <10 Wm™ 24.1 3.8 19.2 7.7 12.6

P : negligibly small

Rner: major part of available energy

G U Sindaytime

S| U [G]

|Satmosphere| L] |Sbiomass|
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Eddy fluxes
Sensible heat: H 4, = 0C W &'

Latent heat: AE,, = AWQ
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Observed energy non-closure  H  + AE 44 S Ryer —G =S
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H iy + AEy, = 0.858(Ryer — G — S) +5.09
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Sources of non-closure

| ] Estimation errors

Rnetunild POSItive bias —~ Small transparency of upper dome
RNETcombl] At least 16.8Wm™ smaller than RneTuni ON average
- Rner= RneTcomb ; NO positive bias. Acceptable.

Goroile U Gpiate IN SUMMer. Errors occured by re-freezing or draught
- G = Gpiilel] NO bias and minor for available enegy. Acceptable.

SbiomassD Satmosphere
S0 G in daytime, SU G at night.

- S : Possible to be major source at night.

(1 0 3-D flow's effectl] low-freq. loss, large eddy & advection)
3-D flow should be major source, at least in daytime.
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Advection fluxes
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Basic Equations

Energy conservation(]

I:QNET _G - S = Heddy T Hadv +/]Eeddy +AEadv

Sensible heatO H_,, = oC,T .V — oC.T. V
Latentheat 0 AE, = Aq,,V — 1.V

RNET -G - Heddy _/]Eeddy
IOCPTout - Id:PTin +Aqout _Aqin

Energy difference between above and below canopy is important.
ex., in Japan: wet soil & dense canopy — %u > % but Tox =Tir

in Siberia: wet soil & sparse canopy - %u > % and Toux = Tin

Volume [m°m?s*O0V =
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Trial computation
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Energy difference (kJ m*)

0.12
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Results : diurnal courses
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Results - heat fluxes
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Haow O 4.4+ 58.6Wm™ 0 positive in dayl negative at night
AE,y 0 25.5+ 51.5Wm™ [ mostly positive

Hiroki TANAKA HyARC seminar 2003.05.15



Hiroki TANAKA HyARC seminar 2003.05.15

Total conductance vs Vapor deficit
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0: derived from AEgyqy, (crosses for aPAR<1000; filled triangles for aPAR>1000)
and AEggay+AEq (€EMpty circles for aPAR<1000; empty rectangles for aPAR>1000)
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Total conductance vs Absorbed PAR
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0: derived from AEgqy (crosses for VPD<O0.8 or VPD>1.2; filled triangles for 0.8<VPD<1.2)
and AEgqyay+AE4y (eEMpty circles for VPD<O0.8 or VPD>1.2; empty rectangles for 0.8<VPD<1.2)
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Concluding remarks

Growing season 2000, at larch forest in east Siberia,
Obs. results of available energy & eddy fluxes:

H ey + AEo = 0.858(Ryer — G — S) +5.09

Source of non-closure:
[1 O Estimation errors

Rnetd NO positive bias. Acceptable
GLI No bias and minor for available enegy. Acceptable
S0 Possible to be major source at early morning

[1 0 3-D flow's effectl] low-freq. loss, large eddy & advection)
3-D flow should be major source, at least in daytime.
- Tral estimation from 1-D observation system.
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Two major postulates(]
(1) T and g are horizontally homogeneous in distribution.

V
H adv

A Eadv —

(2) The measured eddy flux is representative within the field.
— Trial computation

0.025+ 0.034m°’m™s™
4.4+ 58.6Wm™0 positive in dayld negative at night
25.5+ 51.5Wm™“ mostly positive

AE greatly changed to clearly explain transpiration property.

Future worksL]
Many case that P-(1) is false. — True of representative T and q ?
No verification of P-(2) - 3-D observation or simulation is required.
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