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Temporal-spatial variation of heterotrophic respiration in alpine area of

southwestern China
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Agricultural Sciences, Beijing 100081, China

Abstract: Soil heterotrophic respiration is a major flux of CO, between terrestrial ecosystems and the atmosphere. It is
defined as the sum of carbon releases as gaseous products in the microbial decomposition of soil carbon pool. Soil
heterotrophic respiration plays a critical role in regulating the global carbon cycle and is potentially sensitive to climate
changes in the future. The alpine area of southwestern China is one of the most sensitive areas to climate change.
Therefore, it is of great importance to investigate the response of soil heterotrophic respiration to climate in this region for
evaluating the contribution of regional carbon cycle to global climate changes.

A process-bhased biogeochemical model CEVSA ( Carbon Exchange between Vegetation, Soil, and the Atmosphere )
was used to estimate the temporal and spatial variations of soil heterotrophic respiration ( HR) in alpine area of southwestern
China during the period from 1954 to 2010. We conducted CEVSA model with observation-based data sets of climate (ten

days mean value of temperature, precipitation, relative humidity, and cloudiness) , atmospheric CO, concentration, and
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soil and vegetation distribution at a spatial resolution of 0. 1°. Using the climate, vegetation and soil data, firstly, we ran
the model with the average climate data from 1954 to 2010 until an ecological equilibrium was reached, then conducted
dynamic simulations with climate data at a time-step of ten days from 1954 to 2010. Also, the correlation coefficients
between soil HR and climate variables were calculated to analyze the response of soil heterotrophic respiration to climate
change. To achieve the results, various kinds of computer software were used, such as ANUSPLIN4. 1, Fortran 90, Arcgis
9.3, SPSS18.0. The results showed that: (1) The mean values of soil HR density was 422 ¢ C+m>a”" during the period
of 1954—2010 in alpine area of southwestern China. The soil HR showed a decreasing trend from southeast to northwest
and had significant positive correlation with both annual mean temperature (r = 0.721,P < 0.01) and annual total
precipitation (r = 0.564,P < 0.01). (2)Total annual soil HR showed an increasing trend with the rate of 0. 710 Tg C/a
(P<0.05), and varied between 197 and 251 Tg C/a. The increasing rate was 1.621, 1.496 and 1.055 ¢ C-m™a™ in
grassland, evergreen coniferous forest and evergreen broad-leaved forest ( P<0.01) , which were three main vegetation types
in alpine area of southwestern China, respectively. (3) Annual variation of soil HR was mainly influenced by temperature.
The temperature sensitivity of soil HR (Q,,) in the high-elevation northwestern areas was higher than that in the low-
elevation southeastern areas, and it is 2.35, 2.34 and 1.93 in grassland, evergreen coniferous forest and evergreen broad-
leaved forest in this area, respectively.

Soil heterotrophic respiration is an extremely complex process involving a variety of biological and non-biological
factors. Climate and vegetation changed with topography and high space heterogeneity existed in alpine area of southwestern
China. For these reasons, we suggest that the model resolution should be improved and validation of the simulation result

should be strengthened in future to reduce uncertainty.

Key Words: heterotrophic respiration; alpine area; climate change; CEVSA model
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Fig.1 The location of alpine area of southwestern China
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Fig. 2 Spatial distribution of mean annual heterotrophic during the period of 1954—2010 in alpine area of southwestern
respiration during the period of 1954—2010 in alpine area of China
southwestern China
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Table 1 57-year annual mean HR ( Soil heterotrphic respiration) , HR tendency rate and its correlation coefficient with mean annual temperature

and annual precipitation of different vegetation types during the period 1954—2010 in alpine area of southwestern China

s . o7 i A HR HR i A . .

e mRE R it BBUR g i HR SRk

Vewetation © A o/ HR in unit area Total HR Tendency rate 2 2B S R B
egetation type rea ratio/ % /(gC’m’z'a’I) /(Tg C/a) /(gC'm’Z'a’Z) R R

B SRR AR 15.3 464 36.9 1.055** 0.378** 0.04

P - AR (BB 1.04 491 2.67 1.385** 0.338* -0.371 **

(e LW 31.2 401 65.0 1.496 " 0.875** -0.090

MRS Heg RARFE PR A X 1.95 591 5.99 1.006 ** -0.029 -0.028

B AR 3.30 525 9.01 1.402** -0.225 -0.083

ARV YN 0.02 310 0.03 1.197** -0.408 ** 0.047

Tl 35.5 412 76. 1 1.621** 0.943 ** 0.022

AT B ML A 0.14 359 0.26 0.898 ** 0.731** -0.042

TE K HE N/ 0.99 295 1.51 0.355** 0.707 ** 0.077

WHEFAE HLIX 4.99 659 17.1 0.853 ** 0.342** -0.213

x‘ E E,—\—» &)Q = M LLI

’PE[T‘W B R A B 2.01 440 4.60 1.768 ** 0.200 0.253
&X

oS 0.21 0 0.00 — — —

P/ 1.62 0 0.00 — — —

FRIVK 1.74 0 0.00 — — —

H B AR Tree Cover, broadleaved evergreen;%u‘f‘ [f R ( ﬁBlﬂ)Tree Cover, broadleaved, deciduous, closed;f‘ﬁ'%%f”f% Tree Cover, needle-
leaved, evergreen ; M5 H ' AR itk & X Mosaic: Tree cover / Other natural vegetation ; £ M\ Shrub Cover, closed-open, evergreen ; % M-
M\ Shrub Cover, closed-open, deciduous ; %} Herbaceous Cover, closed-open ; % B 5% L/ Fi 5% /#2 M\ Sparse Herbaceous or sparse Shrub Cover ; %€ J 7K
HE\ /B Regularly flooded Shrub and/or Herbaceous Cover; HHEFAE HLIX. Cultivated and managed areas AR MRIX 5 H B RARA B R X Mosaic ;
Cropland / Tree Cover / Other natural vegetation ; #L}1 Bare Areas; /K{K Water Bodies ; 5 FllVK Snow and Ice; HR 5 H15& 52 %L, Correlation coefficient
between heterotrophic respiration and mean annual temperature ; HR LRk 3 AH 6 %X Correlation coefficient between heterotrophic respiration and annual
precipitation; * P <0.05; * * P<0.01

WIS Be N PRIXIRE B TSR 3 (P<0. 05) , a5 il [ 28 0. 08 °C/10a, FF7K & T R 8 3 (P<
0.01) ,#a%¥BiH 2 K 18.3 mm/10a, 4F HR ME S5iRE R B F 1EA5(r=0.629,P<0.01) , 5 /K& ftH%
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Fig.4 Changes in annual mean annual temperature departure and annual precipitation departure during the period of 1954—2010 in

alpine area of southwestern China
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Fig.5 Trend of annual heterotrophic respiration changes, and its significance test with the correlation coefficient method during the period

1954—2010 in alpine area of southwestern China
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Fig.6 Spatial distribution of correlation coefficient between annual heterotrophic respiration and mean annual temperature, correlation
coefficient between annual heterotrophic respiration and annual precipitation during the period of 1954—2010 in alpine area of

southwestern China
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Fig.7  Spatial distribution of mean annual temperature and annual precipitation during the period 1954—2010 in alpine area of
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