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Abstract Accurate estimation of ecosystem respiration R, in forest ecosystems is critical for validating terrestrial carbon

models. Continuous eddy covariance measurements of R, were conducted in a coniferous and broad-leaved mixed forest
located in Dinghushan Nature Reserve of south China. R, was estimated and the controlling environmental factors were

analyzed based on two years data from 2003 to 2004. Major results included that 1 R, was affected by soil temperature
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soil moisture canopy air temperature and humidity where soil temperature at Scm depth was the dominant factor. 2
Exponential equations such as Van’t Hoff Arrhenius and Lyold-Talor can be used to describe the relationship between R,
and temperatures with similar statistical significance while Lyold-Talor equation is the most sensitive for temperature index
Qu 3 The multiplicative model driven by soil temperature Ts and soil moisture Ms was more corresponsive to
R, it explains more R, variations than Lyold-Talor equation both for higher and lower Ms. however there was no
statistical difference between the two models. 4  Annual accumulated R, of the mixed forest in 2003 was estimated as
1100 —1135.6 gCm *a ' using daytime data which was 12% —25% higher than R, 921 —975 gCm “a~' estimated by
nighttime data. The results suggested that using daytime data to estimate R,,, can avoid the common underestimation problem

of eddy covariance methods. The study provides method basement for further study of accurate estimation of NEE in the

coniferous and broad-leaved mixed forest in southern China.
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Table 1 Nonlinear regression results of different ecosystem respiration models
Q
Reco rer B/E,/T, 10 R
Temperature factor 283.16K 10°C 20°C 30C
Van't Hoff Soil temperature T 0.054 0.063 1.88 1.88 1.88 0.021
Van't Hoff equation canopy air temperature Ta 0.070 0.041 1.51 1.51 1.51 0.018
Arrhenius Soil temperature T’ 0.053 44162 1.92 1.84 1.77 0.021
Arrhenius equation canopy air temperature Ta 0.069 28847 1.53 1.49 1.45 0.018
Lloyd-Talor Soil temperature T’ 0.048 223.9 2.12 1.76 1.55 0.021
Lloyd-Talor equation canopy air temperature Ta 0.067 206.5 1.59 1.45 1.35 0.018

2003

2

PAR <1 umol Photons m ~2s ™!

n =2375

nighttime  PAR <1 umol Photons: m~2s~! flux data of 2003 was used

Table 2 Comparisons of model parameters derived from multiple ecosystem respiration models driven by soil water content and temperature in

Dinghushan and other flux sites in China

Observation site Data period R, s 283.16K Ty c d
Dinhushan Nighttime 0.008 219.96 17.77 —38.885
Daytime 0.034 214.61 9.89%4 -28.65
Qianyanzhou Nighttime 0.019 215.38 18.196 —-48.241
Changbaishan Nighttime 0.138 231.89 0.818 -0.021
PAR <1 umol Photons m ~2s ™! 2 <1Wm 2 Nighttime in Dinghushan was defined as PAR <1 umol

Photons: m ~2s ™!

in other two sites were defined global radiation <1Wm ~2
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eco
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Table 3 Nonlinear regression results of different ecosystem respiration models
L , Recy ry B/Ea/T, Q1o R

Ecosystem respiration model ~ Temperature factor 283.16K 10C 20°C 30°C

Van't Hoff Soil temperature Ts 0.0745 0.0523 1.69 1.69 1.69 0.246
Van't Hoff equation canopy air temperature  Ta 0.0820 0.0392 1.48 1.48 1.48 0.210
Arrhenius Soil temperature T 0.0730 37864 1.75 1.69 1.63 0.248
Arrhenius equation canopy air temperature Ta 0.0803 27976 1.51 1.47 1.44 0.209
Lloyd-Taylor Soil temperature T 0.0680 217.7 1.87 1.61 1.46 0.260
Lloyd-Taylor equation canopy air temperature Ta 0.0756 207.7 1.61 1.46 1.36 0.220

2003 PAR > 1 umol Photons: m ~2s ™! Michaelis-Menten 7 n =40 where ecosystem

respiration was derived by daytime PAR >1 umol Photons: m~2s~! flux data of 2003 using Michaelis-Menten equation Eq.7  n =40

http //www. ecologica. cn



2664 27
035 -
0.35
a L 4 b .
0.30

= y=10.028¢00688« a 0.30 = 0.0366¢00527

@ R?=0.2623 @ 2 _

o o R2=02217

Eg 0251 g5 025 |

S E S E L IR

O & 020 | O g *e

%D § %D @ 0.20 |- o

=5 o015} KE 15|

é é

W2 010 1 WS 010 -

*a *a

H# 0.05 - H 0.05 -

0 1 | 0 1 1
5 30 35 5 0 15 20 25 30 35
+- 3838 )% Soil temperature (°C) A Air temperature (°C)
3 R, a b
Fig.3 Relationships between ecosystem respiration R, and soil temperature a and canopy air temperature respectively b
R 2003 PAR >1 Michaelis-Menten R,,, was derived from Michaelis-Menten equation Eq.7 by daytime

eco

PAR > 1 umol Photons- m~2s™! flux data in2003

Ms

¢Cm *a

2 29
3 Ms
R, Ts Ms
Tloyd-Taylor 2003 R,, 4 Ts 5
Ts Tloyd-Taylor R, Ts Ts
R,. Ts  Ms R,. Ms
R.., Tloyd-Taylor Ms Tloyd-Taylor
oo 4 R,, Tloyd-Taylor 2
0.20
018
F016
€8 014
OF
©r-a 012
]
EE o010
=xE
= 8
EZ 05 ¢
;‘éé 0.06 08 ——J& li]Lloyd-Tayor Jj & Nighttime Lloyd-Tayor equation
¥ 0.04 | —— 7K & e A Nighttime multiplicative model
| —_— oyd-Tayor aytime Lloyd-Tayor equation
0 [ Lloyd-Tayor J % Daytime Lloyd-T i
’ | X El?&;‘}’-ﬁ%ﬁﬂ DaytilTle multiplicativeJ model | J
0
2003-01-01 2003-03-01 2003-05-01  2003-07-01 2003-09-01 2003-11-01
H it Date
4 2003

Fig.4 Daily ecosystem respiration in 2003 derived by different models

R 2003 1100.9 ~1135.6 gCm *a™" 2004 1107.3 ~1137.5

eco

-1 2003 2004 2003 20.6°C 2004 19.9%C

http //www. ecologica. cn



2665

g

Soil temperature (°C)

—eo— 3R ¥ Soil temperature

—s— 3K 43 Soil moisture

2003-01-01

Table 4

L 1 1 L 1 0
2003-03-01  2003-05-01 2003-07-01  2003-09-01  2003-11-01
H#A Date
5 2003 Sem

4

Fig.5 Daily average soil temperature and soil moisture in 2003

12% ~25% 4 4 /

2003 ~2004

Soil moisture (m?-m™)

Annual ecosystem respiration of 2003 —2004 in Dinghushan site derived by different methods

Average respiration

Accumulated respiration

Year Data period Model mgCO,m 25! 4Cm2a-!

2003 Nighttime Lloyd-Talor Lloyd-Talor equation 0.107 £0.03 921.1
Multiplicative model 0.113 +0.032 975.1

Daytime Lloyd-Talor Lloyd-Talor equation 0.132 +0.032 1135.6

Multiplicative model 0.128 +0.034 1100.9

2004 Nighttime Lloyd-Talor Lloyd-Talor equation 0.104 £0.031 894.6
Multiplicative model 0.105 +0.037 907.5

Daytime Lloyd-Talor Lloyd-Talor equation 0.128 £0.033 1107.3
Multiplicative model 0.132 +0.031 1137.5
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