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Abstract

The intensive meteorological observation, CAPS (Catch A Plume by SATs), was carried out twice over postharvest
paddy field in northern Shiga prefecture, JAPAN in 2002, 2003. The objective of this project is to understand 1) the
distribution of the sensible heat flux over homogeneous surface, and 2) it's influence for surface heat balance; 3) the
behavior of the plume, which affects the temporal and spatial distribution of the sensible heat flux. The SATs array and
the scintillometers were installed to measure the heterogeneity of the heat flux, with other instruments to complete the
surface energy balance. Also surface temperature images were taken by the infrared camera from airplane. And the
upper ABL sounding was held using a radio sonde, two SODARs and a lidar. This study is focused on the objective 1)
and 2). In CAPS2002, the distance of each SAT was O(100m), and the array was extend@8@Da horizontally
using 16 SATs. The heat balance closure ratio was about 60%. The difference between max. and min. sensible heat
flux was almost equal to the random error, and was about 30% of mean flux (ZJ\dinng 9-15 local time in clear
condition, and the difference seems to be correspond to the surface temperature distribution. But this difference still
does not explain the absence of heat. In CAPS2003, the distance of each SAT was O(10m), and the array was extended
100x200m horizontally using 17 SATs. The difference ratio of the sensible heat flux was smaller than CAPS2002. And
the heat balance closure ratio was about 100% by averaging data of the multiple measurement sites.
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1. Introduction 2003, the distance of each SAT was O(100m) and O(10m) re-
spectively. The footprints of each site in CAPS2002 were in-

Many projects, such as GAME, have been held and are in

progress, to understand the land-atmosphere interaction and thdeependent whereas the ones in CAPS2003 could be overlapped.

. Thus, the dynamic structure throughout scale from 10m to 1km
energy and water cycles, meanwhile there have been many prob-. } . ST
lems related to the ABL observation as follows: will be resolved by using the data. In this paper, the distribution
' of the sensible heat flux and the heat balance is analyzed.
The energy (heat) imbalance:the underestimation of the tur- .
bulent energyHi + IE) flux compared to the forcing energy  2- Observation

(Rn—G).

Footprint: the source area or the distribution of it's contribution
ratio of turbulent flux. CAPS2003
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Stationary convection (plume): although over the homoge-

neous surface, buoyant flow tends to occur in the same arec e N —
) . . ) . 3529' 35'N - s 54

Averaging time: if there is long period turbulence, too short av- “ L5 & oy s .

eraging time to estimate turbulent flux would provoke un- Leee ¥ 3 T cegend

derestimation. Ey
The energy imbalance would be caused by the latter three prob . ot ! s R
lems. s ) 5 Jowrsestpnom

The Flux Enthusiasts Partgonsists of those who are inter- b o= e o wm

ested in such problems and the turbulence in ABL (Tetlal,, /AN prwps e
2900). The intensive _mtegrated ABL qbservatlon has been car- Fig. 1: Turbulent sensors’ distribution map of CAPS2002,
ried out by together with thElux Enthusiasts Partgnd thelLake 2003. (Right) CAPS2002: Legend is indicated in map.
Biwa Projectat the paddy field site of theake Biwa Project (Left) CAPS2003: The line betwees shows scintillome-

The Lake Biwa Projecthas been developed and proceeded by ter path.+: SAT site (C, S3, N3: 3 heights; C, S1, N1, E1,

a Japanese group for investigating the hydrological cycle near W1: with water vapor sensory: fine wire thermocouple

land surface. This observation was called CAPS (Catch A Plume Site.

by SATs; SAT is the Sonic Anemometer-Thermometer) because

over 16 SATs were used in order to understand the dynamic The intensive observations have been performed during

structure of the plume and the convection in SBL. November 9 to 22, 2002 and October 1 to 10, 2003. Both peri-
The observation has been carried out twice in 2002ods were after harvest because the homogeneous surface and the

(CAPS2002) and 2003 (CAPS2003) autumn. In CAPS2002 andyreater sensible heat flux conditions were expected during these



periods. The site was located near Lake Biwa in northern Shiga3.1. CAPS2002

prefecture, JAPANKig. 1). Prevailing wind direction was paral- Only at C4 site, all terms of the heat balance equation were

lel to the paths between paddy fields, southerly (lake breeze) ir?neasured successfully. But the imbalance heat flux was up to

daytime and northerly (land breeze) in nighttime under clear skleOang around the noondig. 2), and the closure ratio was

conditions. Fig. 1 shows the distribution of turbulent sensors. 60%. The heat imbalance of CAPS2002 might depend on the
These distribution were oriented parallel to the prevailing wind g rin tion of the surface conditions. The surface of C4 site was

directions. ) ) ) dark and wet. The albedo of this site was®% lower than
In CAPS2002, there were 15 SAT sites using 17 SATs in OrOIerthe other sites, that means the net shortwave radiation input was

to measure the heterogeneity of the heat flux. At every site, thenearly 55Wn 2 lower around C4 site because the maximum in-
installation height of SATs were about 2.5m. 4 of them (C1, C2, coming insolation was 550Wn?. And the maximum difference

€4, C5 site? were with the gpen-path infrared gas analyzers, and the surface temperature was about 2 °C in the observation re-
SATs were installed at 3 heights (1.00, 2.45, 5.90m) especially abion (Fig. 3). It might influenceG, H smaller andE larger.

C4 site. To complete the rest term of the heat balance, other SeTR|| of these factors could make the local heat imbalance, but

sors were installed at C sites, only the sensors of C4 site workecéhey don't explain all of the maximum imbalance (100W
well. The measurement area was extended&EDOm horizon- explicitly.

tally. Also surface temperature images were taken by the infrared

camera from airplane in November 17, 19, 20 under clear sky
conditions. And the upper ABL sounding was held using a radio
sonde and two SODARs. Details were described in Tamagawa
et al.(2004).

In CAPS2003, there were 11 SAT sites using 16 SATs to
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make SAT array. Common SAT installation height was 2.5m  pig 5 The residual term of the heat balance of CAPS2002
the same as CAPS2002. C, S1, N1, E1, W1 sites were with the 4t C4 site (3 heights; 1.0, 2.5, 6.0m).

open-path infrared gas analyzers, and SATs were installed at 3
heights (1.25, 2.50, 5.00m) at C, S3, N3 sites. The most differ-
ent point from CAPS2002 was that the measurement area was
concentrated about 16@200m, centered at C2 site (called in-
tensive paddy field) of CAPS2002. Since each tract of paddy
field is about 30m width and 100m length, multiple SATs were
in the same tract. Fine wire thermocouples were used to detect

the passing plume near the surface. Surface temperature distri-

bution was measured manually by the two infrared thermometer.
The upper ABL sounding was held using a radio sonde, two SO-
DARs and a doppler lidar.

The SATs used in CAPS were composed of 10 sets of DA-600
(Kaijo), more than 2 sets of 1210R3 (Gill) and a set of SAT-550
(Kaijo) and other types. Especially, DA-600 and 1210R3 were
confirmed that their outputs were almost the same (within 10%
difference) sensible heat flux by the eddy correlation method
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(Ishidaet al, 2004). Fig. 3: Distribution map of the average sensible heat flux for

9 to 15JST, Nov. 17, 19, 20, 2002 (right), and the surface
temperature for 11:35 to 11:58JST, Nov. 17, 2002(left).
3. Heat Balance
Each term of the heat balance equation: Fig. 3 shows the distribution map of the sensible heat flux
and the surface temperature. The surface temperature was mea-
sured by the infrared camera (Inframatics, MODEL740), and
made calibration and correction of the geometry, the viewing
was measured independently and averaged for each hour. Thgngle and the medium atmosphere, then combined by the multi-
net radiationRnwas measured by the pyranometers and the in-pje shot. The difference of the sensible heat flux between each
frared radiometers. Since both observations were performed igjte was almost equal to the random error, and was about 30%
less than 2km horizontal scale, downward radiation was homouf mean flux (77W/rf) during 9-15 local time under clear con-

geneous in the area. Upward radiation, however, depended ogjtions. The difference seems to be correspond to the surface
the surface conditions such as the albedo and the surface temiemperature distribution.

perature. The soil heat flu® was measured by the heat plates.  Flux footprint analyses of Kormann and Meixner (2001) were
And the sensible and the latent heat fiXE was measured by  applied to CAPS2002. Fig. 4 shows the footprint areas of
the SATs and the infrared gas analyzers (e.g. LI-7500, Li-Cor).each site. The footprint areas were spread northward, because
After the simple calibration of the absolute humidityishidaet  northerly wind was blowing at that time. However each shapes
al., 2004) and the double axis rotatioms 0), the eddy corre-  were different by the influence of the local wind distribution.
lation method KI = cppw'T’, IE = Iw&) was applied. In this  The SATs were installed 3 heights at C4 site, the footprint area
paper, the heat balance closure ratio is defined as the ratio of thgf the highest SAT was largeFig. 5 shows the relationship be-

left term to the right term of the heat balance equation. tweenU (Ts— T,) and the normalized sensible heat flix.was

Rn—-G=H+IE




calculated by the surface temperature in the footprint area. Théorizontal grids and 80 vertical grids in which the finest resolu-
sensible heat flux was normalized by the bulk coefficient for dragtion was 10m at the lowest grid. The simulation was started with
influenced by the roughness length at each site. The normalizethe initial condition at 9JST, Nov. 17, 2002, and calculated for 3
sensible heat flux was correlated with the product of the temperhours (until 12JST). The sensible heat flux at the lowest grid was
ature difference between the surface and thdgir T, and the calculated by the bulk method. The simulated sensible heat flux
wind speedJ. The slope of the data means the bulk coefficient was shown irFig. 6. The structure of the plume seems to have
for heatCy, which was almost unity through unstable conditions. a few hundred meters scale, and exists statically. And the ampli-
These results suggest that local sensible heat flux was determingdde of the sensible heat flux difference was consistent with the
by the bulk relation ot (Ts — T,) in the footprint area. observationfig. 3).
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Fig. 6: Distribution map of sensible heat flux simulated
by LES using boundary condition of 11-12JST, Nov. 17,
CAPS2002.

3.2. CAPS2003

In order to measure greater spatial difference of the sen-
sible heat, CAPS2003 was carried out 1 month earlier than
CAPS2002. So the maximum net insolation was 50v¥m
larger, and the surface temperature was 10°C higher than
CAPS2002. Since the observation region was smaller, the dif-
" = RO ference of the upward shortwave and longwave radiation was

b smaller. The maximum difference of the soil heat f@xwas
3 ¥ oe . 50Wm 2. Thus the surface conditions must have been more ho-
mogeneous than CAPS2002. The difference ratio of the sensible
heat flux was a little smaller than CAPS2002d. 7), and was
almost equal to the random error. The footprint analysis should
be applied to CAPS2003 in future to understand what influences
the difference of the sensible heat flux.

The heat balance was roughly closed in CAPS2002; the av-
erage closure ratio was 100% whereas the deviation was up to
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Fig. 4: Footprint areas of the sensible heat flux of each SAT
site. 13JST, Nov. 19, CAPS2002.
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Fig. 5: Relationship betweedd (Ts— T,) and the normalized
sensible heat flux in CAPS2002.

100WnT 2 (Fig. 8). These results suggests that the heat balance
would be closed using the data measured at multiple points under
thermally homogeneous surface conditions.

Large Eddy Simulation (LES/CReSS: Cloud Resolving Storm 4. Conclusion
Simulator) was performed under the same conditions of g heatimbalance is likely occurred by the one point obser-
CAPS2002, except for the homogeneous surface boundary con4tion. Followings are possible reasons:
ditions, zg = 0.017m, albedo= 0.2, 3 = 0.2. CReSS is non-
hydrostatic mesoscale model with cloud physics scheme. LES
is adopted for the one-and-a-half order turbulence closure to re-
solve plumes sufficiently. The modeled domain wasiém in
horizontal width and 1.6km in height with 40m resolution 100

e There are slight heterogeneity of the thermal surface con-
ditions; albedo, the surface wetness and temperature, even
on apparentlyhomogeneous surface.

e The spatial difference of the turbulent heat flux is deter-



mined by the local difference of the surface temperature
and wind speed caused by the plume in a few hundred me-
ter scale.

35°29' 35"N @ ‘
@
i
15 43) P ———
0 0.05
35°29'30"N .
136" 13'45"E 136" 13'50"E

100 120 140 160 180 200
Sensible Heat Flux [W/m?]

Fig. 7: Distribution map of daytime average sensible heat
flux. 9 to 15JST, Oct. 10, 11, 12, CAPS2003.
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Fig. 8 Heat balance of C, N1, E1 site in CAPS2003. The
data of net radiation at S3 site was used.
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