
Changing sensitivity of carbon exchange to atmospheric and soil moisture 
controls the response and recovery of carbon stocks in tropical South America 
from the 2015-2016 El Niño 
Junjie Liu1,2*, Kevin Bowman1, Paul Palmer3,1, Joanna Joiner4, Paul Levine1, Anthony Bloom1, 
Liang Feng3, Sassan Saatchi1, Michael Keller5,1, Marcos Longo6,1, Alex Konings7, David 
Schimel1, Paul O. Wennberg2

Drought Post-drought
SW-EBF NE-EBF Savanna SW-EBF NE-EBF Savanna

∆(vpd) (hPa) 41.7 55.8 99.5 11.5 10.2 -38.0

∆(TWS) (mm) -20.4 -84.3 -110.1 NA NA NA
∆(WUE) (%) -4.0± -1.5 -0.8 -0.49 0.89 4.7
∆(GPP) (GtC) -0.21±0.07 -0.50±0.10 -0.46±0.10 0.04±0.07 0.11±0.09 0.10±0.09

𝛥𝐺𝑃𝑃
{ 𝑑𝐶
𝑑 𝑐𝑙𝑖𝑚𝑎𝑡𝑒 }𝑝𝑟𝑒 0.04±0.03 -0.05±0.07 -0.56±0.06 0.09±0.01 0.10±0.01 0.02±0.02

𝛥𝐺𝑃𝑃𝑐ℎ𝑎𝑛𝑔𝑒−𝑠𝑒𝑛𝑠 -0.25±0.08 -0.45±0.12 0.10±0.12 -0.05±0.07 0.01±0.09 0.08±0.09

∆ (NBE) 0.24±0.08 0.67±0.12 0.24±0.08 -0.34±0.08 -0.24±0.12 -0.06±0.16

𝛥𝑁𝐵𝐸
{ 𝑑𝐶
𝑑 𝑐𝑙𝑖𝑚𝑎𝑡𝑒 }𝑝𝑟𝑒 0.10±0.03 -0.12±0.07 0.10±0.07 0.08±0.01 -0.17±0.02 -0.07±0.16

𝛥𝑁𝐵𝐸𝑐ℎ𝑎𝑛𝑔𝑒−𝑠𝑒𝑛𝑠 0.14±0.09 0.89±0.14 0.14±0.08 -0.42±0.08 -0.07±0.12 0.01±0.23

• The loss of total carbon pool over tropical south 
American (tropical SA) due to 2015-2016 drought has 
not recovered till the end of 2018;

• Carbon fluxes (i.e., GPP and NBE) has faster recovery
rate than carbon pools. 

• Changing sensitivity of carbon fluxes to VPD 
greatly increases GPP reduction and NBE 
increases over the forest due to drought.

• The drought legacy effect slows GPP recovery 
but accelerates net carbon uptake during post-
drought over SW-EBF.  
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GPP(pre-El Nino)=(-0.14±0.05) x VPD + (0.06)  R2=0.42, P=0.00
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Northeast evergreen broadleaf forest (NE-EBF)
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GPP (post-El Nino)=(-0.53±0.14) x VPD + (-0.07)  R2=0.80, P=0.00

GPP (pre-El Nino)=(-0.36±0.06) x VPD + (-0.11)  R2=0.73, P=0.00
GPP (El Nino)=(-0.17±0.12) x VPD + (-0.23)  R2=0.27, P=0.02

Shrubland/Savanna
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• The absolute GPP-VPD sensitivity 
increases during drought over both forest 
regions, but decreases over 
savanna/shrubland, reflecting enhanced 
land-atmosphere coupling and different 
adaptive strategy to drought among these 
regions; 

• The overshooting recovery of GPP over
savanna/shrubland is due to the
enhanced absolute sensitivity of GPP to
VPD.

• The NBE-VPD sensitivity increases during 
drought over all three regions, with 
increased GPP-VPD sensitivity as 
dominant contributor over the forest and 
the increased sensitivity of total 
ecosystem respiration (TER) as dominant 
contributor over the savanna/shrubland. 

• The increased NBE uptake during post-
drought over SW-EBF is primarily caused 
by the changing TER-VPD sensitivity. 



The changing GPP-VPD sensitivity during drought is supported by flux-
tower observations
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NIRv (Nov2016-June2018)=(-0.027±0.025) x VPD + (0.009)  R2=0.13, P=0.07

NIRv (May2012-June2015)=(-0.030±0.013) x VPD + (0.009)  R2=0.28, P=0.00
NIRv (July2015-Oct2016)=(-0.035±0.015) x VPD + (-0.023)  R2=0.55, P=0.00

Southwest EBF (SW-EBF)
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NIRv (Nov2016-June2018)=(0.049±0.057) x T + (0.015)  R2=0.13, P=0.16

NIRv (May2012-June2015)=(-0.034±0.022) x T + (-0.008)  R2=0.74, P=0.03
NIRv (July2015-Oct2016)=(-0.022±0.035) x T + (-0.029)  R2=0.08, P=0.29

Southwest EBF (SW-EBF)
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NIRv (Nov2016-June2018)=(0.014±0.035) x precip + (0.010)  R2=0.02, P=0.51

NIRv (Jan2015-June2015)=(-0.012±0.019) x precip + (-0.012)  R2=0.29, P=0.27
NIRv (July2015-Oct2016)=(0.032±0.015) x precip + (-0.018)  R2=0.50, P=0.00

Southwest EBF (SW-EBF)
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NIRv (Feb2017-June2018)=(-0.019±0.025) x VPD + (0.016)  R2=0.08, P=0.20

NIRv (May2012-March2015)=(-0.040±0.011) x VPD + (0.009)  R2=0.54, P=0.00
NIRv (April2015-Jan2017)=(-0.030±0.007) x VPD + (-0.025)  R2=0.75, P=0.00

Northeast evergreen broadleaf forest (NE-EBF)
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NIRv (Feb2017-June2018)=(0.004±0.081) x T + (0.017)  R2=0.08, P=0.94

NIRv (May2012-March2015)=(-0.065±0.100) x T + (0.005)  R2=0.94, P=0.15
NIRv (April2015-Jan2017)=(-0.153±0.068) x T + (0.002)  R2=0.43, P=0.00

Northeast evergreen broadleaf forest (NE-EBF)
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NIRv (Feb2017-June2018)=(0.017±0.032) x precip + (0.015)  R2=0.04, P=0.38

NIRv (Jan2015-March2015)=(0.026±0.281) x precip + (0.011)  R2=0.25, P=0.66
NIRv (April2015-Jan2017)=(0.033±0.008) x precip + (-0.026)  R2=0.69, P=0.00

Northeast evergreen broadleaf forest (NE-EBF)
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NIRv (June2017-June2018)=(-0.162±0.040) x VPD + (-0.008)  R2=0.74, P=0.00

NIRv (May2012-Sep2015)=(-0.142±0.024) x VPD + (-0.035)  R2=0.71, P=0.00
NIRv (Oct2015-May2017)=(-0.069±0.037) x VPD + (-0.045)  R2=0.37, P=0.00

Shrubland/Savanna
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NIRv (June2017-June2018)=(-0.141±0.151) x T + (0.054)  R2=0.74, P=0.12

NIRv (May2012-Sep2015)=(0.044±0.215) x T + (-0.003)  R2=0.02, P=0.71
NIRv (Oct2015-May2017)=(-0.030±0.241) x T + (-0.103)  R2=0.00, P=0.83

Shrubland/Savanna
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NIRv (June2017-June2018)=(0.135±0.064) x precip + (0.037)  R2=0.44, P=0.00

NIRv (Jan2015-Sep2015)=(0.066±0.048) x precip + (-0.001)  R2=0.50, P=0.03
NIRv (Oct2015-May2017)=(0.027±0.052) x precip + (-0.105)  R2=0.04, P=0.38
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SIF (Nov2016-June2018)=(-0.092±0.063) x VPD + (0.071)  R2=0.21, P=0.02

SIF (Sep2014-June2015)=(0.032±0.322) x VPD + (0.015)  R2=0.00, P=0.86

SIF (July2015-Oct2016)=(-0.123±0.057) x VPD + (-0.076)  R2=0.51, P=0.00

Southwest EBF (SW-EBF)
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SIF (Nov2016-June2018)=(0.054±0.157) x VPD + (0.082)  R2=0.21, P=0.56

SIF (Sep2014-June2015)=(0.313±0.241) x VPD + (-0.103)  R2=0.66, P=0.05

SIF (July2015-Oct2016)=(-0.067±0.131) x VPD + (-0.101)  R2=0.06, P=0.38

Southwest EBF (SW-EBF)
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SIF (Nov2016-June2018)=(0.038±0.092) x VPD + (0.075)  R2=0.02, P=0.49

SIF (Sep2014-June2015)=(0.153±0.151) x VPD + (-0.076)  R2=0.54, P=0.10

SIF (July2015-Oct2016)=(0.126±0.051) x VPD + (-0.049)  R2=0.57, P=0.00

Southwest EBF (SW-EBF)
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SIF (Feb2017-June2018)=(-0.076±0.065) x VPD + (0.067)  R2=0.16, P=0.06

SIF (Sep2014-March2015)=(-0.405±0.200) x VPD + (0.019)  R2=0.77, P=0.01

SIF (April2015-Jan2017)=(-0.117±0.023) x VPD + (-0.003)  R2=0.80, P=0.00

Northeast evergreen broadleaf forest (NE-EBF)

-100

-50

0

50

100

-1 -0.5 0 0.5 1
T (oC)

-0.5

0

0.5

SI
F 

(1
0m

W
m

-2
nm

-1
sr

-1

SIF (Feb2017-June2018)=(-0.093±0.216) x VPD + (0.064)  R2=0.16, P=0.47

SIF (Sep2014-March2015)=(-0.089±0.240) x VPD + (-0.090)  R2=0.85, P=0.26

SIF (April2015-Jan2017)=(-0.520±0.271) x VPD + (0.080)  R2=0.35, P=0.00

Northeast evergreen broadleaf forest (NE-EBF)
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SIF (Feb2017-June2018)=(0.052±0.086) x VPD + (0.066)  R2=0.05, P=0.31

SIF (Sep2014-March2015)=(0.027±0.443) x VPD + (-0.085)  R2=0.13, P=0.77

SIF (April2015-Jan2017)=(0.140±0.017) x VPD + (-0.002)  R2=0.90, P=0.00

Northeast evergreen broadleaf forest (NE-EBF)
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SIF (June2017-June2018)=(-0.375±0.115) x VPD + (0.064)  R2=0.65, P=0.00

SIF (Sep2014-Sep2015)=(0.033±0.209) x VPD + (0.066)  R2=0.01, P=0.78

SIF (Oct2015-May2017)=(-0.186±0.090) x VPD + (-0.043)  R2=0.42, P=0.00

Shrubland/Savanna
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SIF (June2017-June2018)=(-0.076±0.397) x VPD + (0.203)  R2=0.65, P=0.74

SIF (Sep2014-Sep2015)=(0.367±0.580) x VPD + (-0.099)  R2=0.17, P=0.27

SIF (Oct2015-May2017)=(0.092±0.607) x VPD + (-0.265)  R2=0.00, P=0.80

Shrubland/Savanna
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SIF (June2017-June2018)=(0.361±0.145) x VPD + (0.160)  R2=0.52, P=0.00

SIF (Sep2014-Sep2015)=(0.121±0.176) x VPD + (-0.078)  R2=0.19, P=0.23

SIF (Oct2015-May2017)=(0.122±0.126) x VPD + (-0.188)  R2=0.14, P=0.11
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The changing GPP-VPD sensitivity during drought and post-drought is 
consistent with the changing sensitivity of NIRv and SIF to VPD during 
different drought stages
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Enhanced land-atmosphere coupling, different adaptive strategies to drought stress, and the 
interactive effect between air aridity and soil water content deficit causes the changes of GPP-
VPD sensitivities; changing sensitivity of TER to VPD further contributes to the changing GPP-
VPD sensitivity.  


