A newly developed approach to estimate aboveground

autotrophic respiration in global forest ecosystems
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Background

Respiration is the largest outflux from terrestrial ecosystem to the atmosphere

gThe Global Carbon Cycle

ATMOSPHERE ~ 750 Gt

Terrestrial ecosystem release carbon
to the atmosphere through respiration:

O Plant respiration: 50 Pg C yr' (1 Pg
— 1015 g)

O Soil respiration: up to 108 Pg C yr

r
volcanism ' 0.6GtCly

Source: Interdisciplinary Teaching about Earth for a Sustainable Future



Background

Measuring respiration at scales is challenging due to large spatial and

temporal variabilities and complex compositions.
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Background

Measuring respiration at scales is challenging due to large spatial and

temporal variabilities and complex compositions.
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Background

Respiration can divided into belowground (soil) and aboveground
respiration, and soil respiration has been widely studied from site level to
global level.

Machine learning algorithms:
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Background

Carbon allocation from GPP to belowground (soil) and aboveground

respiration is still unknown.

C for plant allocatiom
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Background

Forests contain the largest carbon pool in soil and biomass, but forest is

one of the most complex ecosystems, acting as a critical role in global

climate mitigation and adaptation.

Proportion of carbon stock in forest carbon pools, 2020

O The total carbon stock in forests
- i lving decreased from 668 Gt C in 1990 to
s biomass 662 Gt Cin 2020;

4 N

n’ ‘ ~
[ 4 ‘\‘
|"“’“dﬁl- IEZA‘! ; - in dead wood o o o
- inlitter O Carbon density increased slightly

over the same period, from 159 t ha1
to 163 tha’'.

______________________ in soil organic
matter

Source: Global Forest Resources Assessment, 2020



- Estimating the temporal trend of RA_; and examining its

spatial distribution pattern;
» Carbon allocation from GPP to belowground RA (CAg);

- Developing a new approach to estimate aboveground

RA boveground iN forest ecosystems.



Methodology

Data Sources

— IS
Global Soil Respiration Database Updated from CNKI

(https://github.com/bpbond/srdb, Bond-Lamberty et al., 2010)

_ Updated in April 2020

—* Annual RA >=1 year;

 Start and end years reported or extracted
. Selecting criteria-| from “years of data”;

e Gas infra measurements only;

-+ Without treatment/management


https://github.com/bpbond/srdb
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Data Sources
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ENF (n =195)

e EBF (n=80)
DBF (n = 136)

® DNF (n=231)
e MF (n=16)
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Forests from MODIS land cover

458 observations:

' Uneven distributed

 globally;

Lacking in tropical areas,
 Australia, southeast

Asia, and Russia.
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Global variables

21 global variables
at 0.5°

Methodology

R Climate =N

* Mean annual temperature
 Mean annual precipitation

e Diurnal temperature range




Methodology

* Random Forest-based RA Modelling — a machine learning method;

* Trend analysis — Theil-Sen linear regression and tested with the

Mann-kendall non-parametric test;

* All processes conducted in R.



Results
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Temperal trend of RA
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Results
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Results

* Development of RAaboveground RA = RA + RA,,;; = GPP — NPP

aboveground

CUE = NPP/GPP —
GPP - NPP=RA RAaboveground = GPP— NPP — RAsoil

RA= RAaboveg:round LE RAsoil
RA povezroms = OPP — NPP— RA

RA_; = GPP X CA;

NPP = GPP X CUE

soil

aboveground

RA = GPP—-NPP—-RA_,;=GPP X(1 - CUE —-CAyp)
: RA.., = GPP X CA
soil B

(]
/_\ RAaboveground = GPP X (1 — CUE - CAB)

RAaboveground
GPP : e v
Difference e ey - -
NPP = CUE = 0.5
RAsoil
“Trenching
5
Flux tower
5
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* Global forest RA,; and CAg, RA, 5 eground Products at 0.5° 1982 to 2017

were developed;

« Annual mean RA: 8.9 Pg C yr, increasing by 0.006 Pg C yr?;

« Mean CAg: 0.243 with a decreasing trend;
» A new approach to estimate RA,,,yeqr0una Was developed;

* Mean RA,,veground_: 11.5 Pg C yr', no significant temporal trend.
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