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Total global emissions by source

Land-use change was the dominant source of annual CO2 emissions until around 1950

Others: Emissions from cement production and gas flaring
Source: CDIAC; Houghton and Nassikas 2017; Hansis et al 2015; Le Quéré et al 2017; Global Carbon 

Budget 2017



Total global emissions

Total global emissions: 40.8 ± 2.7 GtCO2 in 2016, 52% over 1990
Percentage land-use change: 42% in 1960, 12% averaged 2007-2016

Land-use change estimates from two bookkeeping models, using fire-based variability from 1997
Source: CDIAC; Houghton and Nassikas 2017; Hansis et al 2015; van der Werf et al. 2017; 

Le Quéré et al 2017; Global Carbon Budget 2017



Land-use change emissions

Land-use change emissions are highly uncertain. Higher emissions in 2016 are linked to 
increased fires during dry El Niño conditions in tropical Asia

Estimates from two bookkeeping models, using fire-based variability from 1997
Source: Houghton and Nassikas 2017; Hansis et al 2015; van der Werf et al. 2017; 

Le Quéré et al 2017; Global Carbon Budget 2017

Indonesian	
fires





Mauna Loa Carbon Dioxide RecordAtmospheric CO2 records

Trend expected 
from fossil-fuel 
burning



Anthropogenic perturbation of the global carbon cycle

Perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2007–2016 (GtCO2/yr)

The budget imbalance is the difference between the estimated emissions and sinks. 
Source: CDIAC; NOAA-ESRL; Le Quéré et al 2017; Global Carbon Budget 2017



Global carbon budget

Carbon emissions are partitioned among the atmosphere and carbon sinks on land and in the ocean
The “imbalance” between total emissions and total sinks reflects the gap in our understanding 

Source: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015; Joos et al 2013;
Khatiwala et al. 2013; DeVries 2014; Le Quéré et al 2017; Global Carbon Budget 2017
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Major challenges to EC

• Quality control for violation of EC 
assumptions (Mauder et al., 2013)

• Gap-filling of quality controlled and missing 
data for seasonal-annual sums (Desai et al., 
2008)

• Systematic bias from unmeasured terms 
(Metzger, 2017)

• Representation error (Xu et al., 2017)



Full net surface-atmosphere exchange in a box

22

storage change ∫ $%̅
$'

(
) 𝑑𝑧 <- ∫ ,

-./ ∫ ∫ $%̅
$'

0.
1.

0.
1. 𝑑𝑥	𝑑𝑦(

) 𝑑𝑧

horizontal transport 0 <- ∫ ,
-./ ∫ ∫ $45%̅

$6
+ $48%8

$6
+ $9:%̅

$;
+ $98%8

$;
0.
1.

0.
1. 𝑑𝑥	𝑑𝑦(

) 𝑑𝑧

vertical transport 𝑤=𝑐=(ℎ) <-	∫ ,
-./ ∫ ∫ $B5%̅

$C
+ $B8%8

$C
0.
1.

0.
1. 𝑑𝑥	𝑑𝑦(

) 𝑑𝑧

modified after Finnigan (2004)

!"#" $%, '%, ℎ 	

!"($%, '%, (() … (+))
!- 	

1

3 Assumptions!

Assumption 1:

Assumption 2:

Assumption 3:

Eddy Covariance

Coutesy S. Metzger, NEON



Ameriflux: The Coalition of the Willing
Novick et al (in prep)



Land cover and age influences NEE

• NEP (=-NEE) 
• 13 flux towers
• One summer
• Stand age matters
• Ecosystem type 

matters
• Desai et al, 2008, 

Ag For Met



Scaling (Buffam et al., 2010)









• Best estimate of 88.6 Gt (range 81.7–
91.9 Gt) equal to 15–19% of the global 
peat carbon pool. Of this, 68.5 Gt (77%) 
is in Southeast Asia, equal to 11–14% 
of global peat carbon. A single country, 
Indonesia, has the largest share of 
tropical peat carbon (57.4 Gt, 65%), 
followed by Malaysia (9.1 Gt, 10%). 









Kasimir et al 2017, GCB

1 = Norway spruce
2 = Willow
3= Reed canary
4 = Peatland

Saving peat and avoiding methane 
release using fairly wet conditions can 
significantly reduce GHG emissions, 
and this strategy should be considered 
for land use planning and policy-
making. 



We estimate that on average granting a concession for oil palm, 
timber, or logging in Indonesia increased site-level deforestation rates 
by 17–127%, 44–129%, or 3.1–11.1%, respectively 



Carbon	quota	for	a	66%	chance	to	keep	below	2°C	

The	total	remaining	emissions	from	2017	to	keep	global	average	temperature	below	2°C	
(800GtCO2)	will	be	used	in	around	20	years	at	current	emission	rates

Grey:	Total	CO2-only	quota	for	2°C	with	66%	chance.	Green:	Removed	from	CO2 only	quota.	Blue:	Remaining	
CO2 quota.

The	remaining	quotas	are	indicative	and	vary	depending	on	definition	and	methodology
Source:	Peters	et	al	2015;	Global	Carbon	Budget	2016



What do you need?
• Making a flux measurement is one thing
• Getting useful science out of it is another

– Quality control / representation / gap-filling
– Ancillary data: water table, peat depth, C export, 

microclimate, vegetation biomass, management 
history of site, remotely sensed phsyiology

– Testable hypotheses, relying on space for time 
substitution, evaluated with ecosystem models

• Our lab has a track record in much of the 
above, and students/post-docs in my lab have 
potential to advance this work



Questions?
Ankur Desai, desai@aos.wisc.edu, @profdedsi
+1-608-520-0305, http://flux.aos.wisc.edu
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