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Carbon cycle
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« The carbon cycle is the biogeochemical cycle
oy which carbon is exchanged among the
niosphere, pedosphere, geosphere,
nydrosphere, and atmosphere of the Earth.

 Carbon exists in various forms in the
atmosphere. Carbon dioxide (CO,) and
methane (CH,) are partly responsible for the
greenhouse effect and among the most
Important human-contributed greenhouse
gases
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In the past two centuries, human activities have altered the global
carbon cycle, most significantly in the atmosphere. Although carbon
dioxide levels have changed naturally over the past several thousand
years, human emissions of carbon dioxide into the atmosphere have
created unnatural fluctuations. Changes in the amount of atmospheric
COZ2 are considerably altering weather patterns and indirectly influencing
oceanic chemistry. Current carbon dioxide levels in the atmosphere
exceed measurements from the last 1,000 years and levels are rising
quickly, making it of critical importance to better understand how the
carbon cycle works and what its effects are on the global climate.
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Terrestrial Carbon Cycle: The terrestrial biosphere includes
the organic carbon in all land-living organisms, both alive
and dead, as well as carbon stored in soils. Most carbon in
the terrestrial biosphere is organic carbon, while about a
third of soil carbon is stored in inorganic forms, such as
calcium carbonate (CaCO3).Because carbon uptake in the
terrestrial biosphere is dependent on biotic factors, it follows
a diurnal and seasonal cycle.
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Climate - Carbon Cycle Links

Carbon is present in natural
reservoirs (atmosphere, ocean,
biosphere)

The growth of carbon in the
atmospheric reservoir is the
major contributor to climate
change

Climate change will affect the
cycling of carbon through
natural reservoirs

Understanding carbon cycle
feedbacks is crucial to predicting
future climate
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Global Carbon Cycle
» Key Messages

» Human activities (combustion of fossil fuels and land-use
changes) have and are continuing to perturb the carbon
cycle -- increasing the atmospheric concentration of carbon
dioxide

> The terrestrial biosphere has historically been a source of
carbon to the atmosphere - it is currently a net sink

» The current terrestrial carbon sink is caused by land
management practices, higher carbon dioxide and possibly
recent changes in climate
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Global Carbon Cycle
» Key Messages

» This uptake by the terrestrial biosphere will not continue
indefinitely. The question is when will this slow down, stop
or even become a source?

» some of the LULC sequestered carbon could be released
back to the atmosphere due to changes in climate

» slowing deforestation has multiple environmental and social
benefits

» monitoring systems can be put in place to monitor carbon
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Indicators of the Human Influence
on the Atmosphere during the Industrial Era
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Carbon Cycle Modeling

Terrestrial Ecosystem Models
W.M. Post, ORNL

Atmospheric Measurements
and Models

S. Denning, CSU

Global and Regional Inferences
from Monitoring

C.D. Keeling, SIO
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Terrestrial Modeling

+ Objectives

* Progress

+ New Directions

¢ Future Challenges
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Terrestrial Modeling - Objectives

+ Quantify CO, exchanges with « 24 =S X%
the atmosphere 5X5/3 ik

* Project how terrestrial CO, ¢ 35 4n{a] s ZThih
exchanges will change in the 110023z #&

future s IR E X[
+ Provide estimates of trace Alay Tk R %5t
gas sources and sinks for RB—EERF

use with atmospheric models BIREE S iR
or in Earth System Models %niEEl’J{El RE
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Terrestrial Modeling - Progress

* Photosynthesis,
evapotranspiration -

detailed characterization,

“BBiochemical models

“BLight-use efficiency
models
+ Soll organic matter
decomposition —
model/data comparisons
at different temporal
scales

¢ XE1ER, %7
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Terrestrial Models - Progress (cont.)

+ Model intercomparison ¢ #&E&JEE %1%

projects v'CMEAL, VEMAP,
“BCMEAL, VEMAP, CCMLP CCMLP
* Model - data o 128 - FIEELRIN

comparison projects
“UIndividual experimental 3zt a8 5 sy pRy

and monitoring sites e
“BAmeriFlux modeling v Amer iF lux}Z1= 753

activity VESRGRE - I
“BEcosystem Model-Data ELk3s (EMDI)
Intercomparison

w\
Y
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Global Biogeochemical
Simulations

Data required for running the global carbon cycle model GTEC 2.0

Vegetation Distribution
Leaf Area
Vegetatlon Parameters

Photosynthesls parameters
Conductance parameters

Climate data {dally)
Tempearaturg {(max, min, m
PrecipHation
Relathre Humlidity
Solar Radlatlon/Clouds

Tiesue speclfic pammeaters
partitlaning

turnover time
resplratlion coefficlent

M concentratlon
growth efflclency

Inltlal Carbon Pools
Vegetation
leaves
branches
stems O
roots
Litier
decom posable
recalcrant
Soll

blalaglcal
humus
Inert

Yegetation {ac’tuali

£

L] _'i}
Solls Distribution
Solls Propertles {by horlzon)

_G-FE ‘“ﬁ Oak Ridge National Laboratory hydrologic parameters

Sail (FAD)

layer thickness

Gilobal Terrestrial Ecosystem Carbon Modef texture

Photosynt hesls pathway {C3, C4)




Canopy Daily C Flux (g C-m=2-d™)

MAESTRA Simulations vs. Eddy
Covariance Measurements — Duke
FACE (Luo et al. 2001)

—&@— Estimate from ECM
--O-- Model Prediction

Month of 1997

Y =0.958X
R? = 0.851

-1 T T T T T T T T T T

=" PoT 28 48 8 7T 89 W
Estimated daily C Flux from ECM (g C-m2-d™)

FiG. 8. Comparison of modeled with measured daily val-
ues of canopy C fluxes. The solid line is the regression in-
dicating model-predicted daily C fluxes: y = 0.958x, where
x = measured daily C fluxes with R? = 0. 851.

Modeled Daily C Flux (g C-m2-d™")
F N
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Regional Light-Use Efficiency Model Calculations

United States
MODIS Land Gross Primary Production
16 day total, March 26 - April 10, 2000

16 day total GPP
(gC/ m?)

o
B o-45
[ 46-86
[ ]a7-1286
[ ]127-167
[ 16.8-20.8
I 209-24.8
B 24.9-28.9
B 29.0-32.9
B > 33.0

W* & University of Montana
500 0 500 1000 1500 2000 Kilometers N R

BHNRE = HGPP. BB AL MBI SIERERMEEN S ~MERFNKZE
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Model-Experimental Observations Interaction

* TFEZHEA -

+ Detailed process level
description allows:

“BIncorporation of new
experimental findings

“BModel comparison to
experimental and field
measurements

“BIdentify measurements and
processes that suggest
additional hypotheses

vV HTRISEIR 45 3R
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North America Historical
Simulation

Comparison of GPP and Ecosystem Respiration

Morth America (GTEC Simulation}
25 1 1 | 1 | 1 | 1 |

Flux Rate (Pg C y'l)

Il | Il | Il | Il | Il | Il | Il
20
1930 1940 1950 1960 1970 1980 1990 2000
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Role of clouds, aerosols in global carbon cycle

=, SABRERIREAPRIER

Diffuse radiation results in higher light use efficiencies by plant
canopies

Diffuse radiation has a much less tendency to cause canopy
photosynthetic saturation

Under a turbid atmospheric environment caused by natural events
such as volcanic eruptions, canopy photosynthesis can be enhanced if
part of the reduction in direct solar radiation is converted into diffuse

radiation
TR DAY R S IR FIRER
SR EAR/MNE [ E SRR

ERXIIRRZEAEHIERRASINET, WREEAERRRHD
SRS EELBETIES], NETLUETEA AR
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Terrestrial Modeling -
New Directions

+ Additional o EthiHIE
processes v W%
“SPhenology VEAYT
 Allocation o AR AT

* Biogeography shifts +HibE “7"R14_/,

- J/IT13L

* Land-use .change I EEAF R
“Blnventories and S

surveys TR

“ORemote sensing
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Terrestrial Modeling -
Challenges

. QRHEINRT 5 B

+ Continue to increase spatial
and temporal resolution

“Dimproves process
representation of regional
and global spatial variation

“Ballows use of wider range of
observations for tests of
consistency/validation

+ Data assimilation

YBParameter estimation

“OlInitial condition or state
estimation

v R

X AL k=

B MANTIER
v SOIFHERE ZHY

WRESRIH T —EUE

Ve

* &0

S,

v SEUhLT
vV IR A ERIRE S
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Initial Condition Strategy

+ Model spin-up with conditions “typical” of pre-
simulation period

+ Adjust initial conditions with simulation using available
historical observations (land-use statistics, remote sensing)

» Use numerical weather prediction like data assimilation
techniques to continually adjust model states to be
consistent with “real time" monitoring information

(Ameriflux, Globalview, MODIS, FIA, etc.)

o 1RBEIFTIEHIHAE)] "HEY" K4 TRIUspin-up
o FRINBRIBLEEE (LFIRSLT, &ER) |, FIRRNEZEL
I
o FERZEERSINR (MEIERMAHEAR) FAEREERSLLS
sSCAY” MEER (Ameriflux, Globalview, MODIS, FIAZ)
REF—E
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Terrestrial Modeling - Summary

+ Biogeochemical process understanding results in:
Y% Improving generality of terrestrial models

‘B Improving representation of interactions and feedbacks between CO,,
radiation, climate, nutrient cycles

+ Terrestrial models are increasing in spatial and temporal
resolution

+ Integration with atmospheric models will be critical for
identifying terrestrial C sources and sinks

o HYIMIKLFEHIZRVIBMRERIE:

v WEMERRARER M
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- The relationship between variation of terrestrial
carbon cycle and ENSO




1. Background of Carbon Cycle
2. What we concern about

3. Model and Data

4. Results and discussion

5. Conclusion

6. Future plan




What we know and don’t make sure

» Bacastow (1976) firstly noticed the relation between CO2 and ENSO.

» Ocean-atmosphere flux variation is relative modest (Feely 1987;Winguth et al.1994;
Francy et al. 1995; Bousquet et al. 2000; Roedenbeck et al. 2003; Zeng et al. 2005)

> Inverse modeling (Schimel et al. 2001; Gurney et al.,2002; Houghton 2003) long term sink
and source & regional uncertainties.

» Potter et al. did statistical analysis of ENSO with modeled land_atmosphere flux.

» Hashimoto et al. (2004) proposed that NPP is related to ENSO. Cao et al. (2005) modeled
year to year variation of NEP up to 2.5 PgCl/yr, in which 1.4 PgC/yr can be attributed to ENSO
cycle

» Generally, on regional scale, there are still many uncertainties in mechanisms of climate
controlling terrestrial carbon cycle.

>Bacastow (1976) B4 FEZRICO2FIENSOZBIRYXE.,

>EE - KRBETWHEXEYN (Feely 1987; Winguth et al.1994; Francy et
al.1995; Bousquet et al.2000; Roedenbeck et al.2003; Zeng et al.2005)
>fEREY (Schimel et al, 2001; Gurney et al, , 2002; Houghton 2003) {<HiF
TR IR TE 14

»PotterZFE A XENSOHT 7 FE A SBEEREMUAIF T,

>Hashimoto et al,  (2004) 4, NPPSENSOB*X., BEEA (2005) FENEPHY
ZFETHAEEIEIA2.5 PgC /&, H&EH1.4 PgC /FJEFENSOFEIR

>—hekin, EXEREL, SIEESBMEERERMEEE RS AMEE M.




The questions we concern:

»What’s kind of terrestrial carbon cycle in response to ENSO cycle.
»What are their common features during ENSO cycle?

»How do the climate factors control carbon exchange between land and
atmosphere?

>+ A RIBE IR AR IR EN SOFEIA,
> ENSOEH IR B HERFERTA?
> SEEEINEES TS AS ZEa0pR3sH?




Model and Data

» The VEgetation-Global Atmosphere-Soil Model (VEGAS) (Zeng 2003) and
Land surface model(S_Land)( Zeng 2000) 2.5x2.5

Climate forcina
1 TT T T CAUNS IT\VJi il

g-
1. Observed precipitation and Temperature ( );
2. Seasonal climatology of radiation, humidity, wind speed;
3. Atmospheric co2 is kept constant at preindustrial level,

» Manua Loa atmospheric co2 ( )

» Roedenbeck inverse data ( )

> NDVI data ( )

>VEGASFIPEE £, Sixi&iE.:

>1. APEKEFEE (CRU, GISS, CMAP) ;

>2. B FEDB SR, BE, XiE;

>3. REZSHRET W HEIRFAE.

>REZE iR ( )

>R EHIE (Max-Planck-InstitutfiirBiogeochemie)
>NDVI#(3#E (http://islscp2. sesda. com/)



http://www.cmdl.noaa.gov/

Interannual variability of atmospheric co2 growth rate at Mauna Loa
IS strongly correlated with ENSO signals with about 6 months lags

VEGAS and inverse simulation generally agree well. Tropics plays
the dominant role. In the extrotropics, the situation is more
complicate due to weaker response to ENSO and regional
cancellation.

KSR ER T SENSOS S3EIEX, 496
™ BHYiEEVEGASHIR BRI SR —E.
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outline

2412 Introduction

R [Xi 5553 5 EResearch area and methods

3. Bl m REMESRECO,BETIWIFHED

Analysis of the C02 flux change of grassland ecosystem in Tibetan Plateau(TP)

4. BEREFEEMETRGCBESMEATFXAR

The relationship between C02 flux and environmental factors of grassland ecosystem in TP

5. T J8k = JiR CO, 38 & 7= [8] 2 A WP B 7L

Preliminary study on the distribution of CO2 fluxes in TP

6. 45125 B ¥ Conclusion and future plan
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Human activity is an important factor in the increase of
greenhouse gas concentrations in the atmosphere. About 44

percent of the CO2 released into the air remains in the

atmosphere, and the rest is absorbed by the ocean and land

ecosystemes.

ABENEAS RS REENEERE, HEIAS:

FHY

CO, KABAABFEEXRSH, EREEFHIFEESRFERUL,
Many studies have shown that land ecosystems is a huge
carbon sinks, the land ecosystem carbon storage and carbon
flux response is sensitive to global warming, the rise of
temperature is a positive feedback, but this response have

seasonal and regional differences.

RESHREBLRA, fEESRERESWIEREERRIRE,

M

bttt
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The strong mutual feedback between ecosystem and climate
system makes the terrestrial ecosystem's response and adaptation
to climate change and human activity become a hot issue in
today's global change research.

ESEF SR T [BRRIIE B IR FRESIMtES R F XTSI
ﬂciFEIA SiEa RN RAERL R /I Z S SRS ST R AR

Limited by double driving mechanism of natural changes and
human activities on the carbon cycle, and the complexity of carbon
exchange and atmospheric transmission in the regional system,
the scientific understanding of human activities and natural factors
on carbon source still have limitations, estimation and forecast
regional and global land ecosystem carbon source still have
uncertainty.

SRTFEATFIAESIIRIERINEIX S, AKX KGR 3c ik
FIAXSERPNESFM, AXEFBERRZNRIR L mAIRIFIARIATR
7(; E (R, XigFlebkiiitESE SR L aEFIFNUEE 4




Studies have shown that forest ecosystems are important carbon
sinks. The grassland is the most widely distributed type of
vegetation in the world, accounting for about 20% of the world's
land area, and its carbon balance plays an important role in global
carbon accounting.

EEHRTPRMESRFEEERIRL, MEMRER Eome 1IE
%)S‘Z%%’E%{,/Eéﬁ 2 BKFHERRAT20%, BRGNS £ ZE B Es
HEAER

The grassland area in China covers 41% of the land, most of them
iIs distributed in the temperate continental climate zone in the
north and northwest and the high elevation of the Tibetan Plateau.
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Why?

Over the past decade, research in the Tibetan Plateau grassland ecosystem
carbon balance and its impact factor deepened the understanding of alpine
grassland ecosystem carbon cycle process and provided important data of
evaluation carbon balance in land ecosystem of the northern hemisphere.
However, the study of grassland is concentrated in the eastern plateau, and the
study in the center and the west of the plateau is still deficient.

XERARINR T NS EEMESRGBIRIMNIRZAERIIAR, FRE T Kb
MESRFEHIRTFERM T EERIEE. BEARNERSETESFRERER, YRt
N AERRYEE I ERIRH TR

Therefore, it is important to research on the dynamic balance of CO2 flux and the
carbon budget and its influencing factors on the different grassland in Tibetan
Plateau which is an important part of carbon budget of China's grassland
ecosystem, it will help predict alpine grassland ecosystem response to climate
change in the future.
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Chinese Ecosystem Research Network
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Observation and study of CO2

flux of grassland ecosystem
in Tibetan plateau.

In the early stage,

the CO2 emission of alpine
grassland was studied

by box method.
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The aim of this study is using eddy-covariance technology to observe
CO2 flux between typical grassland ecosystem in Tibetan Plateau and
atmospheric, through control and evaluation of data to acquire the
seasonal variation and the annual variation characteristics of CO2 flux.
By analyzing the relationship between CO2 flux and environmental
factors to understand the response mechanism of them. The spatial

distribution of CO2 fluxes in the whole Tibetan plateau is preliminarily
discussed by LSMs.




The main research contents of this study include:

« Analyzes the CO2 fluxes diurnal, seasonal and annual change
characteristics of the alpine meadow, alpine grassland, desert
grassland ecosystem in the Tibetan plateau and evaluates its
carbon budget.

« Analyzes the relationship between CO2 flux and environmental
factors such as temperature, photosynthetic effective radiation,
saturated vapor pressure in these ecosystems during the growing
season.

« using numerical model to simulate spatial distribution of CO2 flux
in Tibetan plateau.
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The alpine meadow of
Naqu station. The semi-

humid climate of the
plateau subfrigid zone.
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LMY #%-Eddy covariance system

N A4 Nam-co
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BHE ¥R | PBLIIIH RSN R R G B AL R SO H
Latitude altitude | PBL observation projects Eddy covariance system
And longitude
R 30°46'N 4730 KR KGEFIRA] . FHX IR (Vaisala, CSAT3, = 4E A KUHAY, 5 XGE =477 5
€y pipN 90°59'F 1.5,2,4,10,20m), - 3R E (10, 20, 40, 80,  LI-7500, ZLANMSARHTAL, M5 %< Hco, Ak
Alpine 160cm), HIEHGEE (10,20cm) , KEM  KEE;
grassland FEK, FE4TIU4) & (Kipp&Zonen), “KFES  CR5000, #idfiREEDS, TELRACHEHAFMEEE,
(Nam-co) #10min KFEAZ10Hz
SRR 33°23'N 4271 URAIAHXS R EE (1.5, 2.8m), HIRIRIEE(O,
QDI 79°42'E 20, 50, 100, 200cm), “SEFIFEIK, FE5FIY
Desert 53 & (Kipp&Zonen) , KAFEHIZE30min

grassland
(Ali)

HEE g 31°22'N 4509  “KiR(1, 8.4 m). JRUIH(1, 5, 10.3 m)AlI R[] DAT600/ CSAT3, — 4R XUIH A 5 X — 4k
€ 3::b DI 91°54'E (10.3 m). AHIXHEEE (L, 8.4m), HIHEE (0, 4, 0 E:;
Alpine 10, 20, 40cm), 3R FE (4, 20 cm), LIEHGE  LI-7500, ZLAMSARHTAN, S S Hhco, fluk
meadow & (10,20cm) , SJEAFEK, SIS REE
(Naqu) & (Kipp&Zonen) , KAFFEAIZE10min CR5000, (iR, FELACHEIEAFEERE,
RAFEARZE 10Hz
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1o FE B R AN 5 FE ) R 3E S 4 (Chen et al., 2012)
Soil parameters of alpine grassland and meadow

RE R RE
Depth (cm) %sand Bulk density (g cm3)

0-10 2.46 91.88 0.40 1.12
10-20 1.61 95.00 0.00 1.47
20-30 1.54 93.07 0.29 1.70
0-10 2.1 87.3 0.71 1.41
10-20 1.3 94.18 0.01 1.71
20-30 1.1 92.32 0.34 1.52
30-40 1.5 84.05 1.34 1.56
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EdiRe FITK31HE 45 5 calculation results
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Analysis of the C02 flux change of grassland ecosystem in Tibetan Plateau
2 P = 4=/
R R AR B R AL

Changing characteristics of meteorological elements in alpine grassland
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v

INAREE UG FE 7K precipitation of Nam-co
Bk | 2007 | 2008 | 2009 | 2010 | 2011 _
1H 0.9 0.2 5.1 3.7

- 12.0
2.6 0 0.6 1.0 2.5
0.3 3.0 4.9 0 3.7
3.3 2.8 0.3 2.1 12.1
11.1 27.3 18.3 37.8 26.0
10.8 87 34.1 29 90.2
91.2 147 76.6 47.3 118.4
155.8 115.7 166.1 250.3 71.6
104.9 116.1 31.9 127 95.6
11.0 48.9 33.8 55.3 19.0
115 6.7 0 1.9 6.5 3.9
121 0.6 0 0.7 0.5 0

399.2 548.0 374.3 568.8 446.7
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Seasonal variation of meteorological elements in alpine meadow ecosystem
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Seasonal variation of meteorological elements in alpine desert grassland
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35

MRel I % 5GPPITH 2 ERE, MEAFEIEFIFHIMHIICKR, X EAd KR,
GPPT] LLfiERE50% DL _EFIRERIARAL o 7E P /KN 78 i 11 20084,
I EVEF S X S EMRAER (R2>0.73) . GPPSUMARERI A R, ZIEITIR 25 Bk

(7 E FRIFIR R 55 77 W T 75 2L A (substrate) ,  TDGE AR 2 IR Bl (1 7]

B, M H P A A (Davidson et al., 2006b).

Ty R L R ) AR KT

RE (respiration rate) and GPP's daily cumulative volume have a very good correlation.




NS

MAESEEFIFIHESEEAESARFEIKEEEOCLUT, MERREFRE0CLLE,
£F86% LA LK EERFEFIZS~AD, (BKERIZET DB FREERK.
INARsEG, BRHRuEAIP AR AR B R, EDRMWIFE. ERXZF16~9H, CO2E
EENPRERIRBARZC, FIYRICO, AEAIRMBLERRNI-3.9, -53, -3.7umolm2s', FE
HHEPEESTEMRMEIRE, X=MEMESKRFEERSZRNAPRARLC, EEK
Z6~981p, X=MERKKINERSEIRSIINEERES (123.34gCm?2) >HEER
(105.66 g Cm?) >EFEER (58549 Cm?) , (BENEFRE, PINEHKESERRS
55/ \ABKIR, 2008F120095-AFINE DA /923.28138.3 g C m?;, MIEEEAESRE R NAE
AUBGL, SFRWKEN41.3 g C m2, (BiCaERES T SRREERENBRRYEIFISE
IR XN ENAESRE.
Grassland have similar diurnal and seasonal variation characteristics. The alpine
grassland is a weak carbon source, The alpine meadow is an obvious carbon sink.

MRESGPPHHEZERENRE, MEBEIFETFHHEXKR, X=MEIERS, GPPOJLI#RE

50%LA ERIRERIZAL, TERRKRAFTHNGD, ERFICESIFRARELESETRIER
(R>0.73) . £FREAGPPRILLERYS, XERMESRFEICEFRERERR, KEoE

W IR AFFRIEFEE,

RE and GPP's daily cumulative volume have a very good correlation.

NWEEEFEFKR, WERINREBRRKICRFHNGD, ERFREREPESTEMSFS.

BE/KRYZETS D B IR U B A S E ARG R B E EERIRN0.

The seasonal distribution and annual change of precipitation have important

influence on the carbon balance of grassland ecosystem.
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The relationship between C02 flux and environmental factors of grassland ecosystem in TP

NEE 5 FEAEYIER KR

The relationship between NEE and aboveground biomass
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20074F 4 K- Z=ENEE = (-0.005+0.0018) X AGB + (0.1230 + 0.1752), R?=0.54.

2008 A K- ZENEE = (-0.0073 + 0.0027) X AGB + (0.0533 + 0.2049), R2=0.52.

f&LSO%E’JNEE H 2 s AR ] CLl A = AR R, Hm i n] e g f H At 3f
BERGIER, FliRE. K. GRS,

More than 50% of the change in the amount of the NEE's day can be explalned by changes in
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NEE's response to photosynthetic effective radiation
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The response of NEE to PAR during the growing
season of Ali desert grassland
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The change of the NEE in the
growth season of Ali station is
mainly controlled by the
photosynthetic effective
radiation
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The relationship between respiration and temperature of ecosystem
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> PIREEFERFEASRGH ZERNEESH EAYEAEHERNLME R R, 200744 KI=X P4
2% % NNEE = (-0.005+0.0018) X AGB + (0.1230 + 0.1752 ), R2=0.54; 200844 K- Z=NEE = (-0.0073
+ 0.0027) X AGB + (0.0533 £ 0.2049), R2=0.52. #iT50%HINEE H 2 & 14840 v] DL A=)
= RS
There is an obvious linear relationship between the daily accumulation NEE and the aboveground
biomass of Nam-co.

> F|HMichalis-Menten 6l 3 5 F2, USSRIEER R, SIER M. Fol 5 R = Fp i i) A K HE
A afl 43 51 9-0.0370. -0.0255. -0.010 @Bmol CO2:- mol-1 photons. [ B 3¢ i 4 J5 A7 A K2R &
H, NEEFEZF|PARTER| (AEKZFEK AR2EE0.63LL 1) o & FEH JFENEEN] 52 B £ 135K 2> FIPAR
3L E s, 72K EER, NEEAGABRGES (PAR) BARIUFME AL R R, KM
Nt T 3% o n] LLiA £)0.0370 mol CO2- mol-1 photons. 24 T35 /K ERARET, o %M 1 B & U5k
/AN, HNEERDG S A RERSH O RSN Z . BUTE S HEAS 2 GeR IS Iin ) 5t i A5 B
W, XX R B I NEEAMY 52 BPARII SN, 3052 B3R B 5200

Michalis - Menten light response equation shows the a in alpine grassland, alpine meadow, desert
grassland are respectively -0.0370, -0.0255, -0.010 during growth period.




> A RGN FE R 52 B0 R MK 4 OB . 7 SR U
FEWLA) (R U QLOME )5 T72.0, R R FERHUAE TS RGN ARk
SAEAR IR P RURE . FE R ) QLOME FE A 3B K 43 B B T 98k /)
w KT S FE R R CO2A IR, BEARNT HAH, b
iR B E
The respiration of the ecosystem is affected by both temperature and soil moisture.

> s A KFEERIRZENEER KR, NEE=-0.16 +
0.04 (Tmax-Tmin) -2.62 + 0.49, R2=0.14, P< 0.001, XEIHBERIRZE KE
ATz B A R G B RE A 1 A YAl B R, 22 A g 2R AR
WA HERRAR,

The diurnal temperature difference in the growth season of alpine meadow was negatively
correlated with NEE in Naqu.

> AR SR ESRAERIFRERN, THFEREE MK, X
A& RGNS AT B EE I

The precipitation at the end of the growth season will improve the respiration of the
ecosystem and consume the fixed carbon, which will have an important impact on the
carbon balance of the ecosystem.
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Preliminary study on the distribution of CO2 fluxes in TP

B B2 2 R R BB 5

To evaluate the carbon budget model of regional ecosystem

AR ER AR T BLELBEN A SRR CO, S O R b
e IO Ab N UEOMAL T SR R DL KR

Eddy covariance technology is considered to be directly related standard method for
determination of atmospheric CO2 exchange flux, but it is a kind of small and medium scale
observation method, the observation result is difficult to make large scale extrapolation.

o [l b AR A R GURAE AL AL ELALL S T 5T XA R B AR ZS R GUi NSO R80T
A, REMSELUAERS RGBRIEI RS0 /. HAT, MNMABON 2
A 3 B A RSR: FE TR RS B R AN I T A S R A2
R
The carbon cycle model simulation of land ecosystem is one of the effective methods to
study the carbon balance of the regional scale ecosystem, and can simulate the spatial
pattern of the carbon cycle of the ecosystem. At present, the widely used models are

divided into two main categories: the model based on the remote sensing information
and the model based on the process of the ecosystem




HEA R PR (Community Land Model) -CLM BT E E E S KA 0
(National Center for Atmospheric Research, NCAR) HJCommunity Climate
System Model-CCSMiE FH #iL Kk 2 S U b B TR X TAE A (LMwG) K3t
Yep, JEcesM i T A H (Dickinson et al., 2006). CLM - ZEALFE T A 4)Hh
BRYVEIIRE . KOOI RE. cum4a.onidt | KOOI MR [N SE TR,
SINT HIEAEVLR, S CEE SR A, FFIEI i EAE A AR Y
Ak 275 Biome-BGC (Thornton et al., 2005; Lawrence et al., 2011)




o IXF)EPE: HEIX IS I S R L R R B R AR A 1TP-
forcing (fA[7, 2010) ;5 @& K. 2. XUERE 1R <
IR E AR EEFICMA 740305 LI TS BT R,  7F P K EE i
f#H 7 TRMM 3B42 (Huffman et al., 2007)f1GLDAS (Rodell et al.,
2004) PR Z PR r= i . B 2SR 220255, 7B i
NG R

Forcing data set of ground meteorological elements in high spatial and

temporal resolution in China- ITP-forcing and the Princeton meteorological
driven dataset and CMA 740 data.

«  HTCMA.OF R B INA WL B e = ] B RvF 2, 3,
A48 B SOV R K A s PR AR ZE Al 1 o ] 358
fEEE”  (Weietal, 2012) FHIAHLRBHERAE, 15X 5
JR LI R IR S O HERRIL R Y, AR e, W H T
[ et T AR 25055 FH CLMA. OB X R BR UM

Organic matter data from “Chinese soil data set”
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6. 451 5 B ¥ Conclusion and prospect

The seasonal and annual variations of CO2 flux

EHRE L, REMGPPIE A HIFHIFHIMHRK R, K= HEMA KT, GPP
A DLERE50% LA ERIRERIZRAN, . LERFE/KBONFRIM T4y, A RKZERDEE1EH
BESHEMRIMERH (R2>0.73) . &FRELGPPIILLER E, XRPAESARGHE
A GEAE R E Bk, RKEE 78 I R AE B T AR

On a daily scale, RE and GPP have a very good correlation.

MZFETTRIE b, SRR, SRS IR = MRS RGrEEK
ERUNHE I, fE6~9H fr, 1 =P I A R & vy 2R 23 30l o e FE
i (123.34gCm?2) >HiEEJH (105.66 g Cm2) >EFERLJH (58.54gCm?2) .
On the seasonal scale, the three grassland ecosystems of alpine grassland, meadow and desert are

obvious carbon sinks in the growth season. Carbon uptake in summer is alpine meadow> desert
grassland >alpine grassland

MEFRE, IR =R NES/NIR, 2008120094 ik HEUE 73 1A
23.2H138.3 g Cm2, TMEEEMES KRG NIIRIL, FRIEN41.3 gCm?2,
(BB 5 i B S 55 1 1 iR 2R 30 AR o A AR 1% o b AR 83 B A 3 1) ~F T X )
EHAES RS

For the whole year, Nam-co alpine grassland is the weak carbon source, alpine meadow ecosystem is
carbon sink.




1] 78 5 2 22 Problems and prospects
In the field observation, eddy-covariance is still restricted by heterogeneous surface
and non-ideal meteorological conditions. It need more comprehensive, long-term
and effective positioning observations, combine with other observational methods.
REIBREANECOBERNGZEACEBEMESRFHRINESERIVALT, HESIKE
ERAREESERS ZNA, BESSEleG, PREEEI—TFEEMNIFEERSRFNSHE
RRUHILY, P RRENEEMNRIE, KAFEH—THR. 7 EERIERSRE
SRAMEWESEFNTE-BR-KASENEEER, FEENEEN. KEESHIEMN
W, FEIPESRIERIASEMMNT L, WRliE. RVERGRAFRES, TR
E= YU
The eddy-covariance technology is only a small scale observation method, and the
observation results are difficult to push directly to the larger scale. The next step is
to improve the model performance of CLM in the plateau region by combining the
data of the flux observation site with the satellite remote sensing data and the
carbon cycle mechanism model of the ecosystem.

REIEEARZ—F/NRERNNG L, MNSEREEEZAEAREINE. Bal, NMA
GRS EER RIS F RIS RS L, ELNENTRSIME. A
AEDATENGR, EEERANER. AFFHCLMA.0i2H FGPPSMODISAIGPP
ol BtEERAER., T—2IEER, MEEEENNuEREES B EEREIE L
SERREIWIBRBEBTNGS, NECLIMESREXAREERE,
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ABSTRACT

The net ecosystem carbon dioxide (CO-) exchange (NEE) between the atmosphere and an alpine steppe
ecosystem was measured by the Eddy covariance (EC) method on the Nam Co area of the Tibetan Plateau
during the growing seasonin 2008 and 2009. The diurnal amplitude of NEE varied substantially during the
growing seasons. The maximum CO; uptake rates were 3.74 and 3.44 pmol CO, m~2s~1 in August 2008
and 2009, respectively. The peak daily CO, uptake was observed on 16 July (DOY 198,1.19gCm—2day!)
2008, which occurred one month earlier than that in 2009 (DOY 228, 1.12gCm2day—1). This indicated
that the alpine steppe had lower carbon sequestration potential comparing with other grasslands. The
daily NEE responded to AGB in a linear manner (NEE =(—0.0073 20.0027) x AGB) +(0.0533 £ 0.2049),
R2? =0.52). Fifty-two percent of the NEE variance could be explained by the variance of AGB. The amount
and pattern of precipitation was significantly different between the two growing seasons. In 2008, the

steppe received 493 mm from May to September. In contrast, the value was 327 mm in 2009 and more
+than 50% Af thic Nnrecinitation wace received in Atioctict The alnine cfenne ecocvstem bhecame 3 weale



