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Latentheatflux (LVE)
| Evapotranspiration

Q) Q Clouds

Surface energy balance:
Latent heat flux, LVE=R, -H - G,

Sensible heatflux (H) R0 m

Soil heat flux (G,)
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For example, if 100 birds fly through
’ﬁ"/é\ %ﬁ‘%‘ ? a 1x1° window each minute - the flux
of birds is 100 birds per 1square foot
per 1 minute (100 B ft-2 min-1). If
the window were 10x10°, the flux

® Flux — how much of something moves thi \,,quld be 1 bird per 1square foot per
per unit time 1 minute (because 100 birds/100 sq.
feet = 1), so now the flux is 1 B ft2
min-L,
s Flux is dependent on: (1) number of things crossing the area;

(2) size of the area being crossed, and (3) the time it takes to

cross this area

If net flux is away from the
surface, the surface may
be called a source.

If the opposite is true, the
surface is called a sink.







air :
l W, W, ' air

At a single point on the tower:

- Eddy 1 moves parcel of air c, down with the speed w,
then Eddy 2 moves parcel ¢, up with the speed w,

Each parcel has concentration, temperature, humidity;

if we know these and the speed — we know the flux
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If we know how many molecules went up with eddies at time 1,
and how many molecules went down with eddies at time 2 at
the same point — we can calculate vertical flux at that point
and over that time period.

* Bl

Turbulent fluctuations occur very rapidly, so measurements of
up and down movements and of the number of molecules
should be done with very fast



All atmospheric entities show short-period fluctuations about
their long term mean value.
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Source  storage U irbulent Vertical Horizontal advection
/ Sink flux advection

Average vertical flux of entit
over 30 minute period \ Fluctuation of entity
Density of air about it’s mean
- \ N -
kg air m3 — ss o~ gkgair!

F = pw’x

Velocity of air being moved upwards or
downwards m st



BRI R KM

FiH
Y5 fetch
IR HI3Y SIHE R
Rtk

MR T KR,
MOSTR¥IZ.

\

- SERRRIRFKAF

- WA
- PRI

PR F =

R S yspaypn

| KA R R RE T
SRR, WK, AR

MBI RE



ABNTER B EZ R

« AR A RENERBARERRE ERNXIEHEE
« MBEERBEEARNBXIBAR
« BEWE EXEXE - MWENEEREBRREANBHIEE
« w7 Z R - FHNERZREBHREEINTE
« WFRRIKFMINEN: —EEINEAEIEERRINF0;

« SEBERET), STRVEES/ BT LU2HE;

« MEMB[ARSREN, EBUESRESHME., ANHET

.




Fluctuation about  Fjyctuation about

the mean of the mean of
vertical wind speed density of water

vapor in air
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Fluctuation about  Fjyctuation about ™

the mean of the mean of
vertical wind speed iy temperature
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® Sensor cleaning

® Sensorreplacement
® Sensor calibrations

® (Cablereplacements

® System repair

Maintenance plan is very important to avoid unnecessary data loss

Each maintenance item may be trivial, while interaction of all

items gets complex: example, 20 sensors to calibrate every year

One or two spare sensors are desirable for each measurement
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Eddy Covariance Station
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Determining spikes...

= Hard spike

=l )< Soft spike?

| 1 | | |
0 2 4 6 8 10 12 14 16 18x10°

Time (0.1 seconds)

Soft spike?

112x10°

106
Time (0.1 seconds)
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Moving window 1 i

i Target

Calculate average and SD for this window.

. 5 . To be removed.
<— : : = =

If the target is more than “average + 3.25 SD”, |

the target is identified as a spike. 0

18000

JiTEF (2004)
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‘true’ cospectrum
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Wang et al., 2015, GRSL
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WillMott (1981), Eq. (3)

E(O:. Mean B Ei(l) & (2) & (4) ML94
AH o, O o, o,

1 | 97.07 | 338 972 | 437 (5%) 8.68(9%) | 9.48 (10%)
2 | 9660 | 333 967 | 3.21(3%) 9.12(9%) | 9.26 (10%)
3 | 9653 | 1.56 7.97 | 0.75(1%) 7.94(8%) | 8.81 (9%)
4 | 9622 | 1.32 11.11 | 1.45(2%) 11.01 (11%)| 8.99 (9%)
5 | 6770 | -091 7.20 | 0.12(0% 7.20 (11%) | 7.07 (10%)
6 7951 | -081 7.14 | 1.09(1%) 7.06 (9%) | 7.72 (10%)
7 | 9382 | -1.89 862 | 157 (2%) 8.47 (9%) | 8.94 (10%)
8 | 8216 | -3.77 797 | 3.74(5%) 7.04(9%) | 7.96 (10%)
O | 8747 | 132 7.25 | 059 (1%) 7.23(8%) | 8.53 (10%)
10 | 87.44 | 212 13.05| 0.15(0%) 13.05(15%)| 8.49 (10%)
11 | 78.10 | 0.09 8.16 | 0.43(1%) 8.15(10%) | 7.95 (10%)
12 | 9553 | -1.12 804 | 0.72(1%) 8.01(8%) | 9.03 (9%)
13 | 93.60 | -0.92 7.49 | 250 (3%) 6.91(7%) | 8.82 (9%)
14 | 94.94 | -0.76 893 | 0.84(1%) 8.89 (9%) | 9.11 (10%)
15 | 97.76 | 0.41 10.61 | 0.97 (1%) 10.56 (11%)| 9.36 (10%)
16 | 67.60 | -3.25 8.38 | 1.08(2%) 8.31(12%) | 7.26 (11%)
17 | 93.27 | -141 7.89 | 1.81(2%) 7.68 (8%) 5.86 (6%)
18 | 89.30 | -2.27 810 | 257 (3%) 7.69 (9%) | 8.47 (9%)
19 | 71.05 | -6.41 10.81 | 5.47 (8%) 9.32 (13%) | 7.11 (10%)
20 | 92.01 | 868 12.14 | 7.45(8%) 9.58 (10%) | 9.80 (11%)
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B, BB L. S
M HE (Foken, 2004) : BAN4OBEAFZE (5min)
PR Bh 2 (nin) 25 BB

(X"YY)s = (XY )50
(X"Y ")z

ASt = *100%

Class | 1 2 3 4 5 6 7 8 9

Range | 0-15 16-30 31-50 51-75 76-100 101-250 251-500 501-1000 >1000%
(%)
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KbrUE (Foken, 2004)

Class Range

J—

0—15 %o
16—30 %o
31-50 %o
51-75 %o
T6—100 %o
101-250 2o
251-500 %o
501—-1000 2o

Lo B e Y T 8

= 1000 %o




steady state integral urbulence

(flag) characteristic
(flag)

1 1-2 1
2 1-2 2
1-2 3-4 3
3-4 1-2 4
1-4 3-5 5
5 =5 6
<6 <6 7
=8 =8 8
9 9 9

Flagl-3w] A

H,

R BT ;

4-67E % S B UL Sk

o

7-8

N F
HEgE R,

{BHGap fillingit&
g BT
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v2g  The Energy Budget

<l©[> Energy balance closure, a formulation of the first
p Q law of thermodynamics, requires that the sum of the
v estimated latent (LE) and sensible (H) heat flux be

equivalent to all other energy sinks and sources

R,=H+LE+G+S+Q
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Mean flux (W m?)
Energy budget ratio

g 8 3

0o 3 6 9 12 15 18 21 24
Hour of day

-
=1
=]
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e
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LT T T T

OLS slope
[=1
3

0.25 .

0.00

T T T T I T
Jan-Feb  Mar-Apr May-June Jul-Aug Sep-Oct  Nov-Dec
2 - month period of year

B P17 L R EBRA H AR AL 5245424k (Wilson et al.,2002)
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+ Footprint: . E
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WL & 1 2 AR P R e (X S N EAE REE 2 K2 E bR BRSE
b T 2T B PR B RPN O . 22 AR TR E R H, R fhidi
b T J2 2 THT YR BRI B 22 8] o A A A S LE 2 TR SR R TR 8, 51X
iR, KUK (REE. RE. KRS PR T 2GRS

FEH .

+ 1% KormannfMeixner BJfENTEREL, LT B a GRBIHERLO
) R (Korman and Meixner, 2001) :

D, ST WA R Dk, 2,) WERMABSEL, 2,
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Upwind distance

-

Measurement height




o R H A ROET

When measured at the height of 4.5 m, the peak
contribution of the ET came from the upwind distance of
about 60-65 m, while an area within 20 m from the station

= did not contribute to any of the measured flux. In terms of
o 42, cumulative contribution, 80% of the total daily flux (3.4 out
= __E 1% of 4.2 mm) came from an upwind distance of 20-450 m.
—_—
Q -
x S =

O o% 0.00 L

0 100 200 300 400 500

c 100% -
g g 80% A %‘
E _g 60% - =
= S 40% - E
g g 20% A =
Q QO 0% - L

a - At the height of 1.5 m a dramatic change in the

U contribution is observed. Peak contribution came from an
upwind distance of about 12-18 m. Over 80% of

NI =5 B et & ity daily ET came from an area within 80 m from the station
(versus a 20-450 m zone for the 4.5 m measurement height).
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——Unstable, L<0 I
= Neutral, L ~ 0
- Stable, L>0

Relative
Contribution

400 500

Upwind Distance, m

‘ Adopted from Leclerc and Thurtell (1990) I

JEZ 5% 38 B TR YR X ) 2



Constant flux Layer
(Inertial sublayer)

y+d>2-h
y+d>1.5-m
Fetch>100-y

Roughness
sublayer y
h < Fetch .

Constant flux Layer
(Inertial sublayer)

y+d>1.5 - h

Roughness Fetch>100 -y
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A new branch in atmospheric science deve
the 1970s

The textbooks by Tatarskii (1961) and Monin and
Yaglom (1975) can be considered as milestones in
scintillometry history.

Ting i Wang (1978), large aperture scintillometer

Practical application of theoretical results =
renaissance of scintillometry by de Bruin et al. in
1990s. Research to commercial products of
scintillometers; Successful application in various
field over the world, with special focus on water
management and irrigation.

Henk de Bruin(1943-)

From Prof. Wang
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(Large aperture scintillometer, LAS)
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ExmE S RAEEIEE, HENERREE, HIRERE
BETLHATIE (LE=Rn-GO-H) , ANEESBEHEER.
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(MWS, Microwave Scintillometer)
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SRR SR . Eitk, FER—ERE S EMmANREINE
(LR E (Optical-Microwave scintillometer, OMS) , A
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(Two-Wavelength Method)
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