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A possible source for the non-closure of the energy balance at a larch forest of eastern Siberia:
the advection due to 3-D associated atmospheric mixing by Hiro-Ki TANAKA

INTRODUCTION RESULTS
Energy balance equation; Available energy flux: Ryer-G-S
Ruer =Sua — S * Lam — Lagoe =H +AE+G+S+P Ruer: major contributed,
Ruer: Net radiation flux, G: minor contributed,
Sya Solar radiation flux, S similar to G during daytime, while larger at night.
S« Reflective radiation flux, Net radiation fluxes:
Lam: Atmospheric radiation flux, Ruer com = 0-976Rer i —6.61 (N =3584,r% =0.995)
Lsurface: lONg-wave radiation flux from the surface, Mean Ryer.uni > Mean Ruer comb by 9.6Wm™
G: Ground heat flux, Root mean square difference = 19.3Wm2
S Heat storage change rate, Ground heat flux:
P: Photosynthetic energy flux (negligible), Gprofile = Gpiare dUring the mid summer
H: Sensible heat flux, Ghrofile > GplateiN the spring and the autumn
AE: Latent heat flux. Energy imbalance:
Non-closure of the energy balance, Imbalance ratio; H,,, +JE,, =0858(R ~G-9S)+509 (n=1250,r =0.841)
s = (Rier =G=5)-(H+4E) _ 1, _ 3 Daily Hegey+AEecay < Daily Rygr-G-S by 161+ 25.9 W2
Ruer —G-S Daily Igr gty =0.14. Hourly lgg hourty =0.13
Possible sources for non-closure;
|. Estimation errors: DISCUSSION
(1) Estimation errors for Ryer, G, and S Possible sources for non-closure
(2) Estimation errors for H and AE, Ruer had little random errors. Ryeruni had positive bias
(3) High frequency loss of turbulent fluxes, errors due to less transparency of the upper dome of
I1. Effect of large scale atmospheric mixing: the net radiometer, while Rygrcomp Was smaller than
(4) Low fregquency loss of turbulent fluxes, Rueruni, at least.
(5) Advection especialy in nighttime, G and Swere not so large and could not be major source
(6) Effect of mass flow flux from non-zero w, for the non-closure. Positive bias of S might explain
(7) Effect of 3-D mean velocity fields. the small negative peaks of the imbalance in the early
morning.
MATERIALSand METHODS Although it was not deny that the estimation errors of

Site was a flat young larch forest located at 62.15°N]  Ruer-G-S contributed to minor part of the non-closure,
130.51°E, the middle reaches of the Lena river, in a the major source was due to the advection effect rather
permafrost region. The distance from the river is 30 than the estimation errors expect in the early morning.
km. The nearest grassand was lying more than 1km Estimation of Advection fluxes
far. Two important postul ates,

Observation was from April 15 through September 14, (1) Air temperature and humidity can be treated as
2000 using ACOS with storage batteries charged by horizontally homogeneous, since the horizontal

solar cells. Eddy fluxes measurements were with an variability could be much less than the vertical
engine-driven-generator at 23.8m high on the top of variability.
tower, intermittently. (2) Obtained eddy flux can be regarded as the
Radiation fluxes: two ways; Rner comb @nd Ruer uni representative flux, which appears by the highest
Ground heat flux: two ways; Gpiae and Gprofile | ing:de:qce rat;—:- within tk/lle object(ijvefield. N )
2 aT.(z oD Tria calculation for Hayy, AExy and V was made wit
Gpane = [, (0.0 +6(2)p,0, +6:(Dp1c) at( iz A, p6.(2 3t substituting the air temperature at 22.8m high to Tin,
Heat Storage change rates: Simosphere 8Nd Shiomass the humidity at 22.8m to g, the temperature at 1.1m to
s _ Ir{pc aT.(2) y 49,(2) }dz Tout and the humidty at 1.1m to qo:.
amosphere — Jo P o T T AT S V of 69.4% (868hours) was resulted 0.0<V <03
OT,(t ~t) o m’m?s”, while 30.1% (376hours) were below zero.
Sniomaas:ACmeiomassT’ A:W Averaged V when 0.0<V <03 was 0.025+ 0.034.
a delay

The magnitudes were clearly divided by stability R,=0.
, OTgem(ti1) _ K[aszem(t!r) +16Tstem(t’r)] Hagv: 4.4+ 58.6Wm, daytime: Hag>0, night: Hag,<O

ot o* r or AEa: 25.5+ 51.5Wm? generally: AE >0
Eddy fluxes: partly two ways; Heqay and AEeqqy Evapotranspiration property
Basic equations for Advection fluxes: The physiological responses of trees toward the change
Ruer =S—-G =Hy +Hy, + AEy, +AE, of VPD with light-rich condition, and toward the
H., = pC.T,V - oC.T.V, AE,, =Aqy,V -Aq,V change of aPAR with vapor-rich condition were more

clearly appeared after considering AEqy.
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Abstract

The non-closure of the energy balance has been recognized among lots of recent flux
observations as the imbalance problem. The sum of the daily heat fluxes observed with
the eddy covariance over a young larch forest canopy in eastern Siberia was around 86%,
showing same tendency as reported results. After we discussed the estimation errors for
the available energy fluxes including the net radiation flux, the ground heat flux, and the
heat storage change rates, we concluded that the estimation errors were too small to be
major sources for the non-closure, that the imbalance was caused mainly by the advection
effect due to the 3-D associated large-scale atmospheric flows. The definition for the
advection heat fluxes was proposed. It was suggested that the heat energy differences
between above and below canopy played important role for the advection fluxes. Under
two postulates including the horizontally homogeneous of the air temperature and the
vapor density and the representative eddy fluxes within the objective field, we made a
trial computation for the advection fluxes. As the results, the advection volume par unit
area and unit time was calculated as 0.025+ 0.034m°m™“s*, and the advection fluxes were

4.4+ 58.6Wm™ for the sensible heat and 25.5+ 51.5Wm™ for the latent heat. The
estimated values of the heat fluxes were much varied by counting the advection fluxes
from only the eddy fluxes, especially for the latent heat. Considering advection latent heat

flux made the environmental response properties of forest evapotranspiration clear.
Keywords: Non-closure of energy balance, Advection flux, Forest, Siberia, GAME
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) 10+ [tems Variables
8+ Forest type Young larch
§ | Location 62.15°N, 130.51°E
% Maximum melting depth of soil 1.5m
z 4T Biolocial rearch area 1600m"

e > 1 Stand density 0.42trees m”
Mean diameter at breast height 0.076m
0 Stand stem volume 0.02m" m™
b) 1+ Mean stand height 7.6m
0.9 1 Mean stand height for ten top trees  17.3m
8:3 : Canopy height 10.6m
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0000000 Reg-G-S-P=H+/E

[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
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
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