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Amazon forests did not green-up during the 2005 drought
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Abstract. The sensitivity of Amazon rainforests to dry-season droughts 1s still poorly understood, with reports of enhanced tree mortality and forest fires on one hand, and excessive forest greening on the other. Here, we report that the previous results of large-scale greening of the Amazon, obtained from an earlier version of satellite-derived
vegetation greenness data — Collection 4 (C4) Enhanced Vegetation Index (EVI), are irreproducible, with both this earlier version as well as the improved, current version (C5), owing to inclusion of atmosphere-corrupted data in those results. We find no evidence of large-scale greening of intact Amazon forests during the 2005 drought —
approximately 11%-12% of these drought-stricken forests display greening, while, 28%-29% show browning or no-change, and for the rest, the data are not of sufficient quality to characterize any changes. These changes are also not unique — approximately similar changes are observed in non-drought years as well. Changes 1n surface solar
irradiance are contrary to the speculation in the previously published report of enhanced sunlight availability during the 2005 drought. There was no co-relation between drought severity and greenness changes, which 1s contrary to the 1dea of drought-induced greening. Thus, we conclude that Amazon forests did not green-up during the 2005
drought.
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This study attempts to reconcile contradictory reports of increased tree mortality [Phillips et al., 2009] 0N g 10°N P gt
and extensive biomass burning [Aragao et al., 2007] with anomalous greening of Amazon forests i
[Saleska et al., 2007, hereinafter SDHRO7] during the 2005 drought. Our analysis here 1s focused on the
answering the following five questions.

Figure 2. Spatial patterns of atmosphere corruption of EVI data. (a) Average number of 16-day EVI
composites in the July to September quarter of 2000-2006, excluding 2005, with quality flags indicating
clouds (adjacent clouds, mixed clouds and possible shadows). A 16-day EVI composite refers to one best-
quality EVI value to represent a 16-day period. (b) Same as (a) but with quality flags indicating aerosols
(climatology and high aerosols). (c¢) Same as (b) but for 2005 only. 19.03% pixels in the 2005 drought
affected forests south of the equator have 2 or more 16-day composites with aerosol corruption during the
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1. Are the results published in SDHRO7 reproducible with both the current
(C5) and previous (C4) versions of EVI data?

O Aerosols are the dominant source of atmosphere corruption of EVI data during

Table 1. Changes in spatial extent of EVI anomalies of drought-stricken forest areas in the
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anomalous greening N year 20057 N TTW oW 50w e TOW  eow 50w with EVI anomalies greater than +1 std. are classified as greening. Pixels with o o _ _ _
o AR 5, e SRR precipitation deficit less than -1 are classified as drought-stricken. The changes in spatial b of amosphere.comupted 16.day compoios - O Aerosol contamination, as indicated by the “high” and “climatology” quality flags,
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EVI data irrespective of whether corrupted data are filtered or not X
(Fig. 1c and 1d). Extent of greening decreases by 28-36% (Table 1). o

greenness are insignificant north of the equator.
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Data Figure 1. Spatial patterns of July to September (JAS) 2005 standardized anomalies

0 Greenness changes are calculated using uncontaminated C5 EVI of consistent data
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> Collection 4 (C4) EVI at 1x1 km?® spatial resolution and 16-day frequency, obtained from SDHRO7 for July-September of in SDHRO7. (b) C4 EVI with no data-quality filtering (same as Fig. 1B of 300,000 km®. These patches are located in regions of atmosphere- 10°5 1 s O About 11-12% of the drought-stricken forests, south of the equator, show greening, while
period 2000-2005. These data lacked quality flags, so C5 quality flags were used. SDHRO7). (c) Collection 5 (C5) EVI data filtered for clouds (adjacent cloud, corruption of EVI (Fig. 2). 0 _ 0 _
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» Version 6 precipitation data (3B43) at 0.25°x0.25° spatial resolution and monthly frequency, obtained from Tropical and anomalies calculated as in SDHRO7. (d) C5 EVI with no data-quality filtering. Exclusion of atmosphere-corrupted data produces somew at similar drought impacted area, there are no valid EVI data to make a determination of changes.
Rainfall Measuring Mission (TRMM) [WWW?2] for July-September of the period 1998-2008. For consistency between C4 and C5 EVI, anomalies are calculated relative to the greenness changes between C4 and C5 EVI data (Fig. 1a, 1c and j P
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(JAS) standardized anomalies of all sky (total sky) 24%-30% display browning or no change 35 Area [Magnitude Q)]
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2005. (a) Shortwave (SW) radiation. (b) : L o 3 2000 0.99 5.19[1.37]  6.13[-1.43] 23.75 35.09
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4. We conclude that there was no co- 1 | 2006 26.46 495[135]  3.86[-1.37] 26.27 35.09
Table 2. Changes in spatial extent and magnitude of EVI anomalies of forest areas in the Amazon variation between the severit of |
region 0° to 20°S and 45°W to 80°W in year 2005 during the July to September quarter. Pixels with d h d h ial y d - : 2007 41.59 4.76 [1.37] 6.43 [-1.42] 23.88 35.09
EVI anomalies in the range -1 to +1 std. are classified as showing no changes. Pixels with EVI roug { an the Spatla extent an | 2008 18.95 3107134 657 -141 25 40 35.09
anomalies less than -1 std. are classified as browning. Pixels with EVI anomalies greater than +1 std. magnitude of greenness Change s of I ' 10[1.34] 57 [-1.41] ' '
are classified as greening. The average level of browning or greening is also shown in brackets. The : o 3 _— > 6 ; " 2 A
, | , i changes in spatial extent and magnitude of EVI anomalies are calculated for varying levels of Amazon forests in 2005. EVI anom. (std)
precipitation deficit (anomaly) (PD). Figure 5. Frequency distribution (%) of July to September EVI standardized ~ Table 3. Changes in EVI anomalies and precipitation during the July to September (JAS) quarter
Surface radiation standardized anomalies anomalies in intact forests within the 2005 drought region, south of the of years 2000 to 2008. Only forest pixels in the region 0° to 20°S and 45°W to 80°W that fall
<20 15 -10 10 15 >20 equator. Shown here are distributions from two non-drought years — 2003 and within JAS 2005 precipitation anomaly less than -1 std. (relative to the mean for the 1998 to 2006
o 0 e 2005) 1
2004; and drought year 2005. The reference period used for anomaly period, excluding 2005) are considered. The EVI (1x1 km?) anomalies are relative to the mean for
calculation is 2000-2008, but excluding 2005. the 2000 to 2008 period. The precipitation anomalies are relative to the mean for the 1998 to 2008
/Re ferences: \ period. In both cases, year 2005 data are excluded. Pixels with EVI anomalies in the range -1 to
o _ _ _ . +1 std. are classified as showing no changes. Pixels with EVI anomalies less than -1 std. are
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: : 0 : WWW?2: http://disc.sci.gsfc.nasa.gov/services/opendap/trmm.shtm ote that the greening, browning, no-change and validity shown 1n the table are relevant to the
season of 2005 and PAR declined over an even larger region (475 /O) (Fig. 4b). WWW3:http://eosweb.larc.nasa.gov/PRODOCS/ceres/SYN-AVG-ZAVG/Quality Summaries/CER_SYN-AVG-ZAVG_Edition2.html negatively skewed (i.e. dominated by positive EVI  kind of analysis presented here.
_ o : _ Aragao, L., et al. (2007), Spatial patterns and fire response of recent Amazonian droughts, Geophys. Res. Lett., 34,1.07701, do1:10.1029/2006GL028946. anomalies) frequency distributions in 2003, 2004 and
O Reductions in diffuse PAR were observed over /8.5% of Amazon forests (Fig. 4d). The extent Bevan, S. L., et al. (2009), Impact of atmospheric aerosol from biomass burning on Amazon dry-season drought, J. Geophys. Res., 114,1D09204, doi:10.1029/2008JD011112. 2005 (Fig. 5).
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south of the equator affected with drought (drought-stricken) during July-September, 2005. 2 - S = e =t . . . . 9 gnt -y 5. We conclude that the spatial patterns of EVI changes
Eck, T. F.,, et al. (1998), Measurements of irradiance attenuation and estimation of aerosol single scattering albedo for biomass burning aerosols in Amazonia, J. Geophys. Res., approximately 89 of the intact forests show greening _ _ _ _
Q The observed changes in total and direct-to-diffuse fractions of surface solar radiation are 103(D24), 31865-31878. . o | 410 11% in the drouaht - seen in drought year 2005 are not unique in comparison
contrary to the expectation of enhanced surface sunlight levels during the drought of 2005. Ko.re.n, I., L. A. Remer, and K. Longo (200.7.), Reversal of trend ofl?lomass burpmg in the Amazon, Geophys. Res. Lett., 34,1.20404, do1:10.1029/2007GL031530. compared 1o In the arougnt year (Table 3). to non-drought yearS.
Phillips, O. L., et al. (2009), Drought Sensitivity of the Amazon Rainforest, Science, 323(5919), 1344-1347. o ~
Saleska, S. R., K. Didan, A. R. Huete, and H. R. da Rocha (2007), Amazon forests green-up during 2005 drought, Science, 318(5850),612-612. Q The extents of browning or no-change in 2003 (27%)
Schafer, J. S., et al. (2002), Observed reductions of total solar irradiance by biomass-burning aerosols in the Brazilian Amazon and Zambian Savanna, Geophys. Res. Lett., 17, and 2004 (27% ) are also similar to that in 2005
3. We conclude that the speculation of light driven greening of Amazon 1853, 0isl UL 1022 ZV0LCILDIESTE | | | | | |
_ _ _ _ Vermote, E. F., and A. Vermuelen (1999), Atmospheric Correction Algorithm: Spectral Reflectances (MOD09), MODIS Algorithm Theoretical Basis Document, (23%) (Table 3). _
forests during the drought of 2005 is without basis. http://modis.gsfe.nasa.gov/data/atbd/atbd_mod08.pdf. Samanta, A., et. al. (2010), Amazon forests did not green-
= - O Prominent spatial patterns of greening and browning, :
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