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vAg The Energy Budget (daytime)

All terms have
<©> Rn =H+LE+G+S +Q units of (W m2). ﬁeETTﬁiEﬁ‘
P V Q R, ~ net radiation flux density EET (¥ 1IE

H ~ surface sensible heat flux density

LE ~ surface latent heat flux density —
G ~ heat flux within the soil Rn — H + LE + G + 5 + O
S ~ rate of change of heat storage (air and biomass)
between the soil surface and the level of the eddy R.. MHiE5Y
covariance instrumentation n
Q ~ sum of all additional energy sources and sinks - i‘@ i'% e
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The Energy Budget

Energy balance closure, a formulation of the first
law of thermodynamics, requires that the sum of the
estimated latent (LE) and sensible (H) heat flux be
equivalent to all other energy sinks and sources

R,=H+LE+G+S+Q

8 R PHRIT

Rn =H+LE+G+S+0Q

!

H+ LE =

Rn

-G

L/-COR



iometSRAFHILENE

N~ .
sue=Tp AT > ChinaFLUX

vA¢ Measuring Sensible Heat (H)
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Four component ~ Incoming and Reflected Short-wave
< and Downward and Upward Long-wave

Infrared (solar)
radiation radiation
ﬂ Pyranometers (short-wave)

(CNR 4) H___,..-—-' Pyrgeometers (long-wave)
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vA¢ Measuring Soil Heat Flux (G) Soil Heat Flux Plates
< >

» Hukseflux HFPO1 or HFPO1SC

* Thermopile measures direction and
magnitude of heat transfer through soil

= Typical values: -100 to +300 W/m?

TiEHERIR
MNEFEIE: HBHE
£S5 HFPO1Z{HFPO1SC

B EME . -100-300 W/m2 L/ COR
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(1) BYEE

(2) ERE

(3) ALHEMLEE
(4) FFZEMEIS

(5) WErP XA (MDS)
(6) HARETHE: Bl
CANOAK

Neural Network example

* CO, Flux modeled using PAR

» Respiration modeled using Ts

5?1 W“HWM

—— BNN-Modeled
—— Obsened

Day of year

i 1 i 1 i 1 L 1 L i L
183 186 189 192 195 158 201 204 207 210 213
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" ¢ . . Soil Temperature (Ts) & Respiration (Rgco) Relationship
Ll 1 l 1
C) 2 =l
ht =5 Ny © Estimated R*=0.51 6 T
BEIEREAITE s X

® Estimated
[~ —— Modeled
—— 95% Confidence Ba.nd .

@® — 95% Confidence Band
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x[l ' Seasonal relationships: PAR and CO; flux Seasonal relationships: Soil

Temperature and Respiration

L. Xu, D.D. Baldocehi/ Agyicultural and Fovest Meteovology 1232 (2004) 79-%
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Marginal Distribution Sampling example

= Used in Tovi

= Drivers:
* Re, Tyr VPD
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Biomet used for Partitioning...
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1.0
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S e A Solar radiation curve -
> L at sea level Spectral -
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LI-190RN & B BURSTE R as LI-200R E 4RSI L R 5%
JEiESERE: 400 - 700 nm SeiEsERE . 400 - 1100 nm
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NR-Lite/#4R5y & % CNRASHRST L ReR NROL1S4R5T & R a%
JEESEE: 0-100 um ¥R JEESERE . 300 to 2800 nm R JEESERE: 285 to 3000 nm
BHE: PR KIRHESEE: 4.5-42um KIEHESEE: 4.5-40 um

wmEE: @ THERES (SWIN) |, @ EmERESs (SWOUT) |
@ TNHERES (LWIN) |, @ ERKEREST (LWOUT)
R ETRN = SWIN- SWOUT + LWIN — LWOUT L/ COR
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Signal (White)

Signal Reference (Green)

Shield (Clear)

Heater Resistor Signal (Yellow)

Heater Resistor Signal Reference (Purple)

Shield (Clear)

Power (Red)

Power Reference (Black)
HFPO1#RiE & 1R HFPO1-SCIABETR

™ BARE IR
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Using Energy Balance Closure...

o’ n & - ldeal closure is represented éﬁl——%‘_
easure . NIDTAeN . . .
the EC Syst;n £ by a slope of 1 and an w1 » Quality Assurance and Quality Checking (QA/QC)
E ’/ intercept of 0. N » From many studies (i.e., FLUXNET), a general concern
- o E&:EE . O has developed because surface energy fluxes (LE + H)
+ ra are frequently (but not always) underestimated by about
T 10-30% relative to estimates of available energy flux
R, =G (W m?) (Rn-G-9). |
200
Measured by the | ReiLllstlc {measured) closure . Why is this? =]
Biomet System . [ e I . ’ % M0
dreec) o e SERER iz
F‘“ ' :.a:.. . .'._ » . 180
If not ideal: - NE: <1 K
- Sampling errors? T 200
. Systematic biases? o — AR e
- Neglected energy sinks? _m:' s ]
- Other? o :1; - ) a0 wr a0 06_09
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| Role of canopy heat storage...

— » Tall vegetation sites (h > 8m) based on 26 site-years
B of data:

» ‘S’ is the rate of change of heat storage

between the soil surface and the level of

the eddy covariance instrumentation

» Including ‘S’ in the regressions for these
sites increased the slope by an average
of 7%, which is why forested sites are

recommended to report S.

TR N ESEEAE

RS L R R R
PR ERIA BT

BRER DB/ Kimm

From the Energy Balance Eqn:
R,=H+LE+G+S+Q

FEBIEER
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R -G-S =H+LE
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Estimating Heat Storage in the Soil
AHASER T4l (between Heat flux plates and surface)

Heat stored above heat flux plates

= By . 1 I—I can be estimated using I
== N “«—— Soil Moistu
7 . information on soil properties and o Molsiure

soil temperature and moisture.

NCLE iR BB R < - oo s

_ -’—frg Cs d AT, = Change in soil temperature over flux averaging interval ‘|:1,

ZES e =R B =M I RN ETFE S t d = depth of the Soil Temperature >

C. = Heat capacity of moist soil

I_' C5= pbcd"'ﬂ'.'pwcw o

= 1E Jioe = = NTTIN
=) Wﬁ N 1EEwﬁ ?J'_'\gi 'ﬁ% Eg%%éj\ %—/ j( /1 JZ;T_, p, = soil bulk density (Kg/m?), C, = heat capacity of dry mineral soil (J Kg-' K-')
@, = volumetric water content (m? m®), C,, = heat capacity of water

(BRSPS e (EZ=3l

2.5 cm Soil Temperature
5.0 cm Soil Heat Flux

N

Soil Heat Flux at Surface = Measured Soil Heat Flux + Storage Term (S)

akk

=

NVRV=A &
:I: NIL3s ﬂrﬁ_l E’ BT)E » For grasslands, agricultural and chaparral sites, corrected soil heat flux (G) increases the
average slope by about 20%. Corrected soil heat flux has much less impact at the forested

sites, where the average slope increased by only 3%.
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Thank you for listening

s ItRNEFRRIEEBRLE HBiE: 010-64093960
e £E: 010-66001652 mBZm: 100035
e EBFHR4: hongming@ecotek.com.cn
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