
!"#$#

%

Remote sensing of environment and disaster laboratory Institute of Industrial Science, the University of Tokyo, Japan 

For further details, contact: Haemi PARK, Ce-506, 6-1, Komaba 4-chome, Meguro, Tokyo 153-8505 JAPAN (URL: http://wtlab.iis.u-tokyo.ac.jp/  E-mail: hmpark@iis.u-tokyo.ac.jp) 

CO2

&'(

CO2

)%*%+,-./%0%+,12%
34%*%+,516.(%

0+,1%

0+,7%

0+,.%

0+,2%

0+,6%

0+,8%

0+,(%

0+,-%

+%
-.+% 8(+% 61+% .6+%

!"#$%&'

()*(+,'-./01.)'$%&'

#9:;<=>?#@%

A#B;C%

DE@;><%
F#9:;<=>?#@G%

% %

!

!

UF and DF sites. On the other hand, a linear relationship
existed in the DB site. When GWL rose aboveground
under flooding, RE decreased sharply at the UF and DB
sites. Such a drastic decrease under floodwater was also
found in soil respiration at the UF site (Sundari et al.,
2012). Figure 5 shows the relationships between daily
CO2 flux and GWL on a monthly basis after gap filling.
As for RE, the shapes of the relationships were similar
with those in Fig. 4, in which measured REs were plot-
ted. This similarity suggests the reliability of gap filling.
The GPP showed significant quadratic relationships
with GWL (r2 = 0.20–0.26), which indicate that GPP
peaked when GWL was !0.29, !0.72, and !0.31 m,
respectively, at the UF, DF, and DB sites. The GPP

decrease under low GWL conditions would be due to
stomatal closure by dry air with high VPD and shading
by smoke from fires for the forest sites (Hirano et al.,
2007, 2009), whereas it would be mainly caused by
water stress in the DB site because re-growing vegeta-
tion had shallow roots. On the other hand, GPP
decrease under high GWL conditions in the wet season
was probably caused by cloudy weather with low solar
radiation. As a result, NEE that is the balance of GPP
and RE increased quadratically as GWL decreased
(r2 = 0.50–0.81), when GWL was lower than !0.13,
!0.46 and 0.0 m, respectively, at the UF, DF, and DB
sites. On an annual basis, significant linear relation-
ships were found (P < 0.05) between NEE and GWL for
the UF and DF sites (Fig. 6); the ranges of GWL were
from !0.25 to !0.07 m and from !0.67 to !0.40 m,
respectively, for the UF and DE sites. Although the rela-
tionship of annual NEE was not significant (P = 0.11)
between GWLs of !0.23 and !0.02 m for the DB site,
the relationships suggest that the lowering of annual-
mean GWL by 0.1 m increases annual NEE by 238, 161,
and 79 gC m!2 yr!1, respectively, for the UF, DF, and
DB site.

Effect of smoke on CO2 fluxes

To estimate the diffuse solar radiation fraction, we
used the atmospheric transmission or clearness index
that is defined as the ratio of global solar radiation
(Rg) and the extra-terrestrial solar radiation (R0)
(Spritters et al., 1986; Roderick, 1999; Knohl & Baldoc-
chi, 2008). There is a negative linear relationship
between Rg/R0 and the diffuse radiation fraction. The
R0 can be calculated based on latitude and time of
year (Spritters et al., 1986; Roderick, 1999). Next, to
illustrate the effect of diffuse radiation on GPP, we
calculated difference (DGPP) between estimated GPP
from measured NEE (GPPestimate)and modeled GPP
(GPPmodel) using the following nonrectangular light
response regression.

(a) (b) (c)

Fig. 4 Responses of RE or nighttime NEE to groundwater level (GWL) for the UF (a), DF (b), and DB (c) sites. Measured half-hourly

data were sorted into 20 classes. Each vertical bar denotes a standard error for each class. Significant cubic curses and lines are fitted

(P < 0.05).

Table 3 Annual sums of NEE, RE, and GPP

Site
Annual*

period

NEE
(gC m!2

yr!1)

RE
(gC m!2

yr!1)

GPP
(gC m!2

yr!1)

UF 04–05 209 3721 3512
05–06 72 3626 3554
06–07 443 3736 3293

07–08 !27 3485 3512
Average ± SD 174 ± 203 3642 ± 115 3468 ± 118

DF 02–03 555 3656 3101

03–04 443 3664 3221
04–05 497 3671 3174
05–06 202 3506 3304
06–07 504 3548 3044

07–08 107 3351 3244
Average ± SD† 328 ± 204 3519 ± 132 3191 ± 112

DB 04–05 591 1662 1071

05–06 422 1775 1353
06–07 513 1871 1358
07–08 468 1840 1372

08–09 318 1746 1428
Average ± SD† 499 ± 72 1787 ± 92 1289 ± 145

*From DOY192 to DOY191 in the following year.

†Average and a standard deviation (SD) for 4 years from
04–05 to 07–08 periods.
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