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Amazon Rainforest Responsiveness to Short-
Term DroughtWet, Wetter, Wettest

Pattern Emerges!

Question

Purpose:  
Refine expectations about Amazonian resilience to drought.
• How strongly do photosynthetic rates of Amazonian broadleaf 

evergreen forests respond to a dry month?
• How does responsiveness vary with climatology?

Research Questions

The Amazonian rainforest’s massive gas exchanges with the atmosphere strongly 
affect CO2 concentrations globally. Dry periods in the Amazon are expected to 
become more common and could hinder vegetation.  We compare a proxy measure 
of photosynthetic rate, solar-induced fluorescence (SIF) from the Orbiting Carbon 
Observatory 2 (OCO-2) satellite, to rainfall in the previous 30 days.  In the 
climatologically wettest regions, photosynthesis barely responded or even increased 
in response to short-term drying.   In rainforest areas with longer dry seasons, 
photosynthesis weakly declined after reduced rain.  The finding is consistent with 
and more precise than earlier studies, and offers a metric for evaluating 
photosynthesis projections for the Amazon.

Abstract

• Photosynthesis barely changes after short-term drying in wettest parts of 
the Amazon, a finding consistent with Guan 2015. 

• In drier rainforest, plants respond, but most correlations < 0.4.
• Responsiveness varies with average dry season lengths.
• OCO-2 SIF, fine-scale & frequent, can show the relationship. 

Conclusions

• Try different grid scales, rain lags, other satellites’ SIF data. 
• Build, test responsiveness climate model metric for the 

International Land Model Benchmarking Project (ILAMB).
• Explore OCO-2 SIF re: seasonal cycles & full-year droughts.

Next??

• HUGE.
• Productive
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world’s land:air CO2
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Why the Amazon Matters for Climate

for scale:
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What’s in store for the Amazon?
More rain variability,

MORE DROUGHTS
Warmer. Rain amount = ??

GCM projections of rain changes, 
eastern Amazon

“Rain responsiveness”
= correlation 

coefficient (r) of 
SIF : recent rain

Example grid cells

Global mean annual precipitation, from Tropical Rainfall Monitoring Mission

Rain 
in 30 
days
prior

from Global Precipitation Climatology Project (GPCP)

“Dry” Season Length:
< 100 mm (4”!) 

rain/month, ≅ all a 
plant can use

Photosynthesis rate: 
Solar-induced fluorescence (SIF) from NASA’s new OCO-2 satellite

Results consistent with Guan 2015’s Figure 2b:

Future land absorption of CO2 is relatively uncertain.

Land v. ocean removals of atmospheric carbon, GCM 
projections.  Source: Freidlingstein 2014, Fig. 4. 

NASA image

NASA image

Arrow:  One model’s change from 1970-1999 
versus 2070-2099, medium-high (A2) emissions.
Grey dot: Estimate for a point location in a year, 
1998-2006.
Source: Malhi 2009, Fig. 2

Details in Joiner 2012. 
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Presentation Notes
Are you ready for a quick trip to the jungle?
Earth system (climate) models (ESMs) need the land’s large & variable  CO2  & water exchanges with the atmosphere.  
Main drivers of exchanges’ magnitudes:  biome, photosynthesis rates, plant respiration.
Photosynthesis drivers: light, temperature, precipitation.
Sparse data about tropical photosynthesis hampers model improvements. 

map of Amazon basin:  http://photos.mongabay.com/07/brazil/amazon_basin_map-max.jpg
map of New England: http://www.essentialvermeer.com/maps/images/new-england-outline-map-captioned.png.  Fly Bos – DC = 395 mi
SIF diagram:  https://www.nasa.gov/sites/default/files/styles/673xvariable_height/public/chlorofluorescence_labeled.jpg
Satellite constellation:   Image caption:  A-train group of satellites, and local time each crosses the equator. https://directory.eoportal.org/image/image_gallery?uuid=54c472ff-26a5-4339-abe4-d2c1817c9c96&groupId=163813&t=1339160549236 
Average annual rainfall.  Graphic from NASA: https://www.nasa.gov/sites/default/files/styles/full_width/public/thumbnails/image/593632main_all_years.3b43.color_.jpg?itok=V_ljUE5l.
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