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[1] The occurrence of two major Amazonian droughts in
2005 and 2010 underscores the need for improved under-
standing of how drought affects tropical forest. During both
droughts, MODIS land surface temperature data detected
anomalously high daytime and nighttime canopy tempera-
tures throughout drought‐affected regions. Daytime thermal
anomalies explained 38.6% of the variability in the reduc-
tion of aboveground living biomass (p < 0.01; n = 17) in
drought‐affected forest sites. Multivariate linear models of
heat and moisture stress explained a greater proportion of
the variability, at 65.1% (p < 0.01; n = 17), providing sub-
stantively greater explanatory power than precipitation‐only
models. Our results suggest that heat stress played an important
role in the two droughts and that models should incorporate
both heat and moisture stress to predict drought effects on
tropical forests. Citation: Toomey, M., D. A. Roberts, C. Still,
M. L. Goulden, and J. P. McFadden (2011), Remotely sensed heat
anomalies linkedwithAmazonian forest biomass declines,Geophys.
Res. Lett., 38, L19704, doi:10.1029/2011GL049041.

1. Introduction

[2] The Amazon basin has experienced twomajor droughts
in the past decade. In 2005, a dry season precipitation anomaly,
peaking in September, affected 2.5 million km2 in south-
western and central Amazon which has been shown to be one
of the worst of the past century [Marengo et al., 2008]. After
the 2005 drought, significant increases in tree mortality were
documented for a large number of long‐term forest plots,
yielding estimates of basin‐wide carbon losses of 1.2–1.6 Pg
[Phillips et al., 2009]. In 2010 there was an even more
widespread drought (3.2 million km2); extrapolating mois-
ture deficit‐mortality relationships of Phillips et al. [2009],
Lewis et al. [2011] estimated carbon losses as high as 2.2 Pg.
Surprisingly, Enhanced Vegetation Index (EVI) observa-
tions from the Moderate Resolution Imaging Spectrometer
(MODIS) suggested a “greening‐up” during the 2005 drought
[Huete et al., 2006; Saleska et al., 2007]. Subsequent studies
have not documented the same result when using improved
EVI products [Brando et al., 2010; Samanta et al., 2010]
and widespread EVI declines have been observed during the
2010 drought [Xu et al., 2011]. Frequent, large‐scale drought

events and the continuing uncertainty related to EVI vari-
ability underscore the need for improved understanding of
Amazonian forest drought response.
[3] In this study, we investigate Amazon forest drought

response usingMODISLand Surface Temperature (LST) data.
Remote sensing measurements using the reflective bands (e.g.
the EVI) are sensitive to leaf age [Brando et al., 2010], solar
zenith angle [Galvão et al., 2011], atmospheric aerosol loading
[Anderson et al., 2010], epiphyll cover [Toomey et al., 2009],
and canopy structural changes [Anderson et al., 2010], chal-
lenging our understanding of tropical forest drought response.
LST data, however, provide an independent means of asses-
sing relationships among thermal anomalies, precipitation
and forest ecophysiology. For example, high temperatures
can induce near‐instantaneous reductions in carbon assimi-
lation and increases in autotrophic respiration [Doughty and
Goulden, 2008], enhancing forest mortality rates [Allen et al.,
2010]. Alternatively, high temperatures may be indicative of
drought stress if they result from decreased evaporative
cooling due to stomatal closure and/or leaf loss [Nepstad et al.,
2004]. The questions we address in this study are: 1. Is there
an observable relationship between precipitation anomaly,
LST anomaly and forest stress? 2. Is relative heat stress more
or less damaging than absolute heat stress? 3. Do the com-
bined effects of heat and moisture stresses better explain
biomass losses and are the effects additive or interactive?
4. What is the mechanistic relationship among precipitation
anomaly, LST anomaly, and forest biomass?

2. Data and Methods

[4] We used an 11‐year time series (2000–2010) of
Collection 5MODIS LST 8‐day 1 km data (MOD11A2,Wan
[2008]) from NASA’s Terra satellite. Eleven MODIS tiles
(H10‐13V8‐10, excluding H13V08) were used, covering the
entire Amazon basin. All LST imagery was screened for
cloud, aerosol and fire contamination (see auxiliary material).1

Monthly means and standard deviations for the time series
were calculated separately for day and night; monthly means
were also calculated for each of the years. Monthly Thermal
Anomalies (TA) were calculated for all years, defined as the
deviation from monthly mean (2000–2010) temperature; TA
were divided by the monthly standard deviation to derive
Normalized TA (NTA; analogous to the z‐score). We also
constructed MODIS NDVI time series, using Collection 5
Nadir BRDF‐Adjusted Reflectance (MCD43B4) 16‐day 1 km
data. Monthly NDVI averages and standard deviations were
calculated for the same temporal domain as the LST data.
Similar to the LST data, we calculated monthly z‐scores for
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the 2010 dry season, during which dramatic NDVI declines
were observed [Xu et al., 2011].
[5] We related LST anomalies in 2005 to net aboveground

biomass change (AGBC; Mg ha−1 yr−1) and difference in
AGBC (dAGBC; AGBC2005 − AGBCpre‐2005) data from 25
well‐distributed sites (Table S1 of Text S1 of the auxiliary
material) in the RAINFOR network [Phillips et al., 2009]
(see auxiliary material). AGBC and dAGBC primarily reflect
rises in the mortality rate during the drought period. Linear
regression was performed between TA or NTA (monthly)
and AGBC or dAGBC (annual) to examine the heat stress‐
mortality relationship. Drought severity was calculated using
the Tropical Rainfall Measurement Mission (TRMM; 3B43;
monthly, 0.25° resolution [Kummerow et al., 1998]) data
record from the years 2000–2010. Precipitation anomalies
for the 2005 and 2010 drought events were calculated as
cumulative precipitation deficit (CPD) and difference in the
monthly maximum climatological water deficit (dMCWD;
see auxiliary material). CPD (mm−1) is defined as devia-
tions from cumulative monthly rainfall for a hydrological
year of October–September [Marengo et al., 2008]. dMCWD
(mm−1) is the difference between a given month’s MCWD
and the time series mean MCWD, calculated using the for-
mulation of Aragao et al. [2007]. To assess the combined
effects of heat and moisture stress we performed multiple
linear regression, with NTA or TA and CPD or dMCWD as
the predictors andAGBC or dAGBC as the response variable.
Statistical analysis focused on the principal dry season months
(<100 mm month−1), August to October. Dry season timing
and duration are variable throughout the basin from June–
September in the southwest to July–November in the east
Amazon.

3. Results and Discussion

[6] There were widespread daytime warm anomalies in
the western, central and southern Amazon during both the

2005 and 2010 droughts (Figures 1 and S1 of the auxiliary
material), largely coincident with precipitation deficits.
Daytime warm anomalies in sub‐equatorial Amazon (the
northern basin was largely unaffected during both droughts)
exhibited relatively weak but highly significant negative
relationships with dMCWD during the peaks of the two
droughts (r = −0.25 and −0.34, respectively; p < 0.0001;
n = 8418; Figure S2 of the auxiliary material).Within drought‐
affected areas, defined as those having <−25 dMCWD
[Phillips et al., 2009; Lewis et al., 2011], annual daytime
temperatures in 2005 and 2010 were the warmest of the
11 year period. NTA >1 standard deviation was observed
for 12.6% and 25.5% of the drought‐affected regions in 2005
and 2010, respectively. Twenty‐five percent of drought‐
affected areas incurred TA of >1°C at peak drought intensity
in 2005 and >1.4°C in 2010 (Figure 2). Similarly, air tem-
peratures were 0.5–2°C warmer than normal in 2005 and
1–4°C in 2010 (http://data.giss.nasa.gov/gistemp/);Marengo
et al. [2008] reported heat anomalies of 3–5°C. Although
the TA magnitude at the scale of a 1‐km LST pixel appears
modest, emergent crowns, which are most sensitive to
drought [Nepstad et al., 2007; Phillips et al., 2009], likely
incurred higher TA means and maxima [Doughty and
Goulden, 2008]. Both precipitation (Figures 1 and S1 of the
auxiliary material) and thermal metrics (Figures 1, 2 and
S1 of the auxiliary material) indicate a more widespread
and severe drought in 2010, in agreement with Lewis et al.
[2011] and Xu et al. [2011].
[7] All results involving AGBC and dAGBC pertain to the

2005 drought. There were significant correlations between
daytime TA and AGBC in October (R2 = 0.25; p = 0.01;
n = 25; Table 1), when the epicenters of heat and moisture
stress match most closely (Figure S3 of the auxiliary material).
When only drought‐affected plots are considered (<−25 mm
dMCWD), a stronger correlation is observed (R2 = 0.386;
p < 0.01; n = 17; Table 1). Thermal anomalies generally

Figure 1. The dMCWD (mm) and September daytime TA (°C) in (a and b) 2005 and (c and d) 2010. MODIS images are
resampled to 0.25° resolution for display. Red points indicate the location of RAINFOR sites; black lines delineate national
borders.
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explain more variability in AGBC than CPD or dMCWD
alone (Table S2) but less variability in dAGBC. Relationships
were somewhat stronger for TA than for NTA (Table 1),
suggesting that the absolute magnitude of heat stress was
more important than its relative magnitude. Relationships
were stronger for dAGBC than for AGBC, in agreement with
the drought‐biomass relationships of Phillips et al. [2009].
Nighttime TA and NTA did not show significant relation-
ships with either AGBC or dAGBC, perhaps due to the
smaller dynamic range of nighttime temperatures. Multiple
linear regressions including moisture and thermal anomalies
explained 45.9% (p < 0.01; Table 2) of the variability in
AGBC and 59.6% (p < 0.001) of the variability dAGBC
among all plots. When only drought‐affected sites were
considered, moisture and thermal anomalies explained up to
58.9% of AGBC variability (p < 0.01) and 65.1% of dAGBC

variability (p < 0.01). On average, the coefficients of deter-
mination of the full models were 0.176 higher (range: 0.00–
0.48 higher) than those of CPD or dMCWD alone (Table S2),
a substantive increase in explanatory power. For the strongest
full model relationship observed (R2 = 0.651), this constitutes
a near doubling over CPD alone (R2 = 0.340). Both TA and
NTA produced strong, significant relationships with bio-
mass declines when coupled with precipitation (Table 2).
There were no significant (a = 0.05) interactions between
moisture and thermal anomalies in 40 out of 48 multiple
regression models, including most of the strongest relation-
ships (Table 2), suggesting that the effects of moisture and
temperature on forest biomass are additive.
[8] Our results indicate that large portions of the Amazon

experienced anomalously high daytime temperatures during
the 2005 and 2010 droughts. The heat anomalies were linked

Table 1. R2 From Simple Linear Regression of 2005 Daytime LST Anomalies vs. RAINFOR Dataa

AGBC‐All Sites
(n = 25)

AGBC‐Drought Sites
(n = 17)

dAGBC‐All Sites
(n = 23)

dAGBC‐Drought Sites
(n = 17)

Aug TA 0.085 0.160 0.028 0.023
Sep TA 0.003 0.040 0.009 0.037
Oct TA 0.250*** 0.386*** 0.224** 0.256**
Aug NTA 0.124* 0.098 0.014 0.000
Sep NTA 0.003 0.034 0.008 0.033
Oct NTA 0.201** 0.276** 0.170** 0.181*

aTA, LST thermal anomalies; NTA, normalized thermal anomalies. AGBC, RAINFOR 2005 aboveground biomass change; dAGBC, difference between
2005 and pre‐2005 AGBC. The number of asterisks refers to significance at the 90, 95 and 99% confidence levels, respectively.

Figure 2. Frequency histograms of daytime and nighttime thermal anomalies (TA) at peak drought for all drought‐affected
(dMCWD < −25 mm) forested pixels. The 2.5th, 25th, 50th, 75th and 97.5th percentiles, respectively, are shown in des-
cending order.
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with reductions in aboveground biomass and were significant
in both absolute and relative terms. Further, we have detected
predominantly additive effects between heat and moisture
stress which explain substantively more variability in bio-
mass losses than precipitation‐only models. To address our
final question regarding the mechanistic relationship among
LST, drought and biomass, we employed lag analysis
between NDVI and TA for the dry season of 2010, finding
weak but significant (p < 0.0001; n ∼ 4.5 million) correlations
that are strongest (r = −0.25; Table S3) and most consistent
with a 1 month lag in the NDVI. These correlations begin in
June 2010, when widespread (1.98 × 106 km2) drought con-
ditions (<−25 dMCWD) first appear and continue through
September. These observations offer some support to the
theory that thermal anomalies are a driver of canopy stress
rather than a symptom.We recommend field experimentation
to further investigate the matter of causation.
[9] In this study we provide evidence of the effect of heat

stress which exacerbates aboveground biomass losses, indi-
cating that models of tropical forest drought response should
include both moisture and heat effects. Similarly, Clark et al.
[2010] found that dry season rainfall and nighttime minimum
temperature explained 91% of the variability in stand‐level
tree growth while mortality showed a significant negative
correlation with nighttime temperature. The short interval
between the 2005 and 2010 droughts and larger thermal
anomalies during the second drought are alarming, raising the
question of tropical forest resilience to repeated droughts.
Moreover, our analysis suggests that even in the absence of
moisture stress, climate change‐related increases in canopy
temperatures, already near an upper physiological threshold
[Corlett et al., 2011], may decrease AGBC. Given the high
likelihood of rapidly increasing seasonal heat in the tropics
during the early 21st century [Diffenbaugh and Scherer,
2011], accurate modeling of tropical forest thermal sensi-
tivity will be vital to predict forest health and composition.

[10] Acknowledgments. This work was funded by NASA head-
quarters under the NASA Earth and Space Science Fellowship Program,
grant NNX10AP15H and NSF grant BCS‐0751292. We thank two anony-
mous reviewers for their helpful and insightful comments.
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References
Allen, C. D., et al. (2010), A global overview of drought and heat‐induced

tree mortality reveals emerging climate change risks for forests, For.
Ecol. Manage., 259, 660–684, doi:10.1016/j.foreco.2009.09.001.

Anderson, L. O., et al. (2010), Remote sensing detection of droughts in
Amazonian forest canopies, New Phytol., 187, 733–750, doi:10.1111/
j.1469-8137.2010.03355.x.

Aragao, L. E. O. C., et al. (2007), Spatial patterns and fire response of
recent Amazonian droughts, Geophys. Res. Lett., 34, L07701,
doi:10.1029/2006GL028946.

Brando, P. M., et al. (2010), Seasonal and interannual variablility of climate
and vegetation indices across the Amazon, Proc. Natl. Acad. Sci. U. S. A.,
107(33), 14,685–14,690, doi:10.1073/pnas.0908741107.

Clark, D. B., et al. (2010), Annual wood production in a tropical rain forest in
NECosta Rica linked to climatic variation but not to increasing CO2,Global
Change Biol., 16, 747–759, doi:10.1111/j.1365-2486.2009.02004.x.

Corlett, C. T. (2011), Impacts of warming on tropical lowland rainforests,
Trends Ecol. Evol., in press.

Diffenbaugh, N. S., and M. Scherer (2011), Observational and model evi-
dence of global emergence of permanent, unprecedented heat in the
20th and 21st centuries, Clim. Change, 107, 615–624, doi:10.1007/
s10584-011-0112-y.

Doughty, C. E., and M. Goulden (2008), Are tropical forests near a high
temperature threshold?, J. Geophys. Res., 113, G00B07, doi:10.1029/
2007JG000632.

Galvão, L. S., et al. (2011), On the intra‐annual EVI variability in the dry
season of tropical forest: a case study withMODIS and hyperspectral data,
Remote Sens. Environ., 115, 2350–2359, doi:10.1016/j.rse.2011.04.035.

Huete, A. R., et al. (2006), Amazon rainforests green‐up with sunlight in dry
season, Geophys. Res. Lett., 33, L06405, doi:10.1029/2005GL025583.

Kummerow, C., et al. (1998), The TRMMsensor package,Bull. Am.Meteorol.
Soc., 79(6), 809–817.

Lewis, S. L., et al. (2011), The 2010 Amazon drought, Science, 331, 554,
doi:10.1126/science.1200807.

Marengo, J. A., et al. (2008), The drought of Amazonia in 2005, J. Clim.,
21, 495–516, doi:10.1175/2007JCLI1600.1.

Nepstad, D. C., et al. (2004), Amazon drought and its implications for forest
flammability and tree growth: A basin‐wide analysis, Global Change
Biol., 10, 704–717, doi:10.1111/j.1529-8817.2003.00772.x.

Nepstad, D. C., et al. (2007), Mortality of large trees and lianas following
experimental drought in an Amazon forest, Ecology, 88(9), 2259–2269,
doi:10.1890/06-1046.1.

Phillips, O. L., et al. (2009), Drought sensitivity of the Amazon rainforest,
Science, 323, 1344–1347, doi:10.1126/science.1164033.

Saleska, S. R., et al. (2007), Amazon forests green‐up during 2005 drought,
Science, 318, 612, doi:10.1126/science.1146663.

Samanta, A., et al. (2010), Amazon forests did not green‐up during the 2005
drought, Geophys. Res. Lett., 37, L05401, doi:10.1029/2009GL042154.

Toomey, M., et al. (2009), The influence of epiphylls on remote sensing
of humid forests, Remote Sens. Environ., 113, 1787–1798, doi:10.1016/
j.rse.2009.04.002.

Wan, Z. (2008), New refinements and validation of the MODIS land‐surface
temperature/emissivity products, Remote Sens. Environ., 112, 59–74,
doi:10.1016/j.rse.2006.06.026.

Table 2. R2 From Multiple Linear Regression of 2005 Daytime LST and TRMM Precipitation Anomalies vs. RAINFOR Dataa

AGBC‐All Sites
(n = 25)

AGBC‐Drought Sites
(n = 17)

dAGBC‐All Sites
(n = 23)

dAGBC‐Drought Sites
(n = 17)

Aug TA + CPD 0.181 0.475** 0.292** 0.580***
Sep TA + CPD 0.142 0.204 0.319** 0.411*
Oct TA + CPD 0.394*** 0.575*** 0.518*** 0.573***
Aug TA + dMCWD 0.093 0.245 0.157 0.219
Sep TA + dMCWD 0.061 0.107 0.232* 0.301
Oct TA + dMCWD 0.290** 0.510** 0.509*** 0.531**
Aug NTA + CPD 0.278** 0.588*** 0.322** 0.651***
Sep NTA + CPD 0.144 0.212 0.333** 0.417**
Oct NTA + CPD 0.459*** 0.493** 0.596**** 0.540**
Aug NTA + dMCWD 0.187 0.406* 0.202 0.394*
Sep NTA + dMCWD 0.063 0.107 0.236* 0.314
Oct NTA + dMCWD 0.406** 0.447** 0.484*** 0.490**

aTA, LST thermal anomalies; NTA, normalized thermal anomalies; CPD, TRMM 2005 cumulative precipitation deficit; dMCWD, TRMM 2005
difference in maximum climatological water deficit. AGBC, RAINFOR 2005 aboveground biomass change; dAGBC, difference between 2005 and
pre‐2005 AGBC. The number of asterisks refers to significance at the 90, 95, 99 and 99.9% confidence levels, respectively. Bold values represents
cases with an interaction term significant at the 95% confidence level.

TOOMEY ET AL.: AMAZON DROUGHT THERMAL ANOMALIES L19704L19704

4 of 5



Xu, L., et al. (2011), Widespread decline in greenness of Amazonian veg-
etation due to the 2010 drought, Geophys. Res. Lett., 38, L07402,
doi:10.1029/2011GL046824.

M. L. Goulden, Department of Earth System Science, University of
California, 3200 Croul Hall, Irvine, CA 92697‐3100, USA.

J. P. McFadden, D. A. Roberts, C. Still, and M. Toomey, Department
of Geography, University of California, 1832 Ellison Hall, Santa Barbara,
CA 93106, USA. (mtoomey@geog.ucsb.edu)

TOOMEY ET AL.: AMAZON DROUGHT THERMAL ANOMALIES L19704L19704

5 of 5



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




