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Fig. S1. Scatterometer backscatter characteristics over tropical forests. The backscatter return of QSCAT is predominately from the top few meters (1-5 m)
because of the short wavelength of the Ku-band (about 2 cm) and high incidence angles of QSCAT measurements (46°-54°). The backscatter is dominated by
the volume scattering shown in terms of the canopy water content over a depth of d. in the forest canopy. The relationship between volume scattering and
the canopy water content is based on the water cloud model (1). In comparison, the TRMM radar measurements are shown to cover off-nadir incidence angle
(+17°) and respond to surface characteristics representing a combined soil and canopy moisture from a deeper penetration length. Relative variations in
penetration depth of the signal into the forest canopy in terms of incidence angle using a typical attenuation model at Ku-band are shown at the upper right.
Samples of QSCAT and TRMM-PR observations for 3 mo are shown in false color composites in (A) and (B), respectively.

1. Frolking S, et al. (2006) Evaluation of the SeaWinds scatterometer for regional monitoring of vegetation phenology. J Geophys Res 111:D17302.

Saatchi et al. www.pnas.org/cgi/content/short/1204651110

5 of 14



. I
No-Forest<-3 -3.0 -2.5 -2.0-1.5 -1.0 -0.5 0 0.5 1.0 15 2.0 2.5 3.0 >3.0

- DPA-2(

S8

-6 -T2 68 -64 60 -56 -52 48

. EEEmS B— - I - I
No-Forest<-3 -3.0 -25 -2.0-1.5 -1.0 -05 0 05 1.0 15 2.0 25 3.0 >3.0 No-Forest<-3 -3.0 -2.5 -2.0-15 -1.0 -0.5 0 05 1.0 15 2.0 25 3.0 >3.0 ,-Forest -650 -550 -450 -350 -300 -250 -200 -150 -100 -75 -50 -25 0O

Fig. S2. Spatial extent and severity of the Amazonian droughts in 2005 and 2010 using standardized DPA (A and B), DWDA (C and D), and MCWD (E and F),
derived from TRMM monthly precipitation data.
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Fig. $3. Monthly changes in DWDA along with the evolution of monthly QSCAT dry-season (JAS) anomaly, indicating the gradual development of water stress
in the southwestern region of Amazonia in 2005 and the changes in canopy properties (e.g., water content) in response to the water stress. The QSCAT
response to water deficit in Amazonia appears with almost 1-mo lag.
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Fig. S4. (Continued)
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Fig. S4. The distribution of normalized anomalies of pixels within the western Amazonia window. Shown here are the DWDAs derived from TRMM (A) and
the QSCAT backscatter power (B). Annual DWDA from TRMM (A) and the corresponding changes in canopy properties are captured by the annual dry-season
(JAS) anomaly of QSCAT backscatter data (B) over the last decade (2001-2009). Normalized anomaly is colored beyond +1.0 o, showing only pixels with
significant departure from long-term average. QSCAT negative anomaly persists over the south and western regions of Amazonia after the 2005 drought
through 2009, when a strong positive anomaly of rainfall makes the QSCAT anomaly less significant. The 2007 moderate drought also enhanced the QSCAT
negative anomaly in 2007 and subsequently in 2008.
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Fig. S5. Average TRMM WDA (A) and QSCAT seasonal anomaly (B) over forested areas in northwest Amazonia showing the performance of QSCAT data after

2005 over tropical forests experiencing no droughts in the past decade. Similar observations in Amazonia (1) and other regions of the tropics have shown there
was no degradation of the QSCAT signal after 2005 causing any sensor-related decline in anomalies.

1. Frolking S, et al. (2006) Evaluation of the SeaWinds scatterometer for regional monitoring of vegetation phenology. Journal of Geophysical Research 111, 10.29/2005JD006588.
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Fig. S6. The distribution of normalized anomalies of pixels within the western Amazonia window (window: 4°5-12°S, 76°W-66°W). Shown here are the
DWPAs derived from TRMM (A) and the QSCAT backscatter power (B). The TRMM WDA values show slightly negatively skewed distributions in 2006 and 2007
and strongly negative distribution in 2005 and 2010. In contrast, most pixels from QSCAT anomalies in the area affected by drought have negatively skewed
distributions, except in 2009, in which less half the region experienced positive anomaly.
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Fig. S7. Autocorrelation results of QSCAT anomaly time series (120 mo) averaged over the area of western Amazonia (window: 4°5-12°S, 76°W-66°W) using
an AR model with time lags covering ~20% of the months. The results show (Left) the ACF and (Right) the PACF, and the 95% confidence interval shown as
:ﬁ PACF time lag-1 suggests that the process can follow an AR(1) model at monthly time scale.
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Fig. S8. Relative effect of the post-2005 deforestation and fire counts on the QSCAT anomaly time series over the area of western Amazonia (window:
4°5-12°S, 76°W-66°W) using the aggregated MODIS fire counts in Amazonia masked by the area of forest cover. (A) Area of forest cover in Amazonia delineated
by the MODIS land cover map, MODIS VCF, and GlobCover 2009 at 0.1° pixel size. (B) Aggregated fire counts from MODIS product at 0.1° from January 2001 to June
2005 over forested pixels. (C) Aggregated MODIS fire counts from June 2005 to December 2009 over forested pixels. (D) Changes in QSCAT anomaly post-2005
deforestation and post-2005 fire by excluding all fire pixels, as well as pixels greater than 5, 10, and 20 counts.
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Fig. S9. Long-term time series (1930-2010) of rainfall anomaly over the entire Amazon basin and southwestern region (window: 4°5-12°S, 76°W-66°W)
derived from CRU (1920-2005) and TRMM (1998-2010). Because of potential differences in absolute value of rainfall, the anomalies were calculated separately
for each dataset. Over the past 30 y, starting from the mid-1970s and early 1980s, we observe a clear decline in annual rainfall anomaly over southwestern
Amazonia, with larger variations and stronger negative anomalies over the entire Amazon basin. This feature agrees with the long-term modes of climate
variability (24-28 y) (1) and shorter oscillations (4-6 y) (2). The number of negative anomalies significantly greater than —1.0 standard deviation (SD) increased
in the past 30 years (1980-2010) compared with the previous 50 y (1930-1980) by a factor of two. The panels show the annual rainfall (A) and the dry season
(B) rainfall normalized anomaly over the entire Amazon basin, and similar time series anomaly for annual (C) and dry season (D) of the western Amazonia.

1. Marengo JA, et al. (2008) The drought of Amazonia in 2005. Journal of Climate 21:495.
2. Marengo JA, et al. (2011) The drought of 2010 in the context of historical droughts in the Amazon region. Geophys Res Lett 38:L12703.
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Fig. $10. Spatial correlation of TNA (A) and SOI (B) indices with the TRMM (1998-2010) and CRU (1970-2009) monthly rainfall anomalies over the Amazon
basin. Areas of western Amazonia affected by recent droughts showed significant Pearson correlation with (A) a high TNA index over the past decade (1998-
2010: r > 0.55, P < 0.001, +1-mo lag) and (C) over the past 40 years using the CRU data (1970-2009, r > 0.38, P < 0.01, 1-mo lag). Whereas El Nifio events
represented by SOI showed only significant correlation with monthly (B) TRMM precipitation anomalies in northeastern Amazonia (r > 0.43, P < 0.005, +1-mo
lag) and (D) the monthly CRU data (r > 0.41, P < 0.005, +1-mo lag) with higher average rainfall during the dry season and less probability of droughts. The
geographical regions of TNA-related droughts are in the south and southwestern margins of Amazonia. Monthly WDAs derived from TRMM (1998-2010) when
plotted against the TNA index showed an out-of-phase behavior, with low rainfall corresponding to a higher TNA index (E). The TNA index is multiplied by 2 to
better demonstrate the out-of-phase relationship to the TRMM anomalies on the same graph.
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Fig. S11. Standard anomaly derived from TRMM-PR backscatter measurements of surface characteristics in the absence of rain events, showing patterns of
droughts in southwestern Amazonia. The 2005 drought (A) occurs over the same region shown in the QSCAT data. The spatial patterns of 2010 TRMM-PR
anomaly are shown for three consecutive seasons (B) AMJ, (C) JAS, and (D) OND.
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