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Abstract While the long‐term drought effect on tropical forests has been observed in ground‐based and
remote sensing measurements, the feedback of reduced forest biomass on subsequent rainfall is not well
understood. We evaluate the impact of slow forest recovery after the 2005 Amazonian drought on local
evapotranspiration (ET) and wet season onset (WSO) using remotely sensed precipitation, deuterium
retrievals, reanalysis data, and a new ET product. A comparison to the 2009 rainy season, which exhibits
similar large‐scale moisture flux convergence, shows that 2006 experienced a 25% ET reduction and 20 days
of postponed WSO in the dry‐to‐wet transition. Our results imply that ET reduction due to drought‐driven
legacy effect on the Amazon rainforest could be a crucial factor triggering WSO delay in the transitional
season following drought events.

Plain Language Summary Drought legacy effect, observed as reduced growth and incomplete
forest recovery after severe drought events, impacts the carbon and water cycles of Amazonia. Satellite
observations showed a reduction of canopy carbon during and after the 2005 Amazonian drought. To
understand the impact of local evapotranspiration (ET) changes associated with this canopy carbon
reduction on the timing of wet season onset (WSO) over southern Amazonia, we study the precipitation and
ET changes in the 2006 dry‐to‐wet transition by using space‐based remote sensing of precipitation,
deuterium retrievals, reanalysis data, and a new ET product. A comparison to the 2009 rainy season,
which has a similar large‐scale moisture flux convergence amount, shows a 25% reduction in ET and 20 days
of postponed WSO during the dry‐to‐wet transition of 2006. Our results indicate that drought legacy effects
could be a crucial factor triggering WSO delay following drought events and imply the importance of
accurately representing biogeochemical processes and land‐atmosphere feedbacks when predicting
precipitation over Amazon in Earth system models.

1. Introduction

Amazonian forests have substantial influence on regional and global climate (Gedney & Valdes, 2000; Nobre
et al., 1991). Across the Amazon, 25% to 70% of rainfall is recycled through evapotranspiration (ET; Eltahir &
Bras, 1994; Malhi et al., 2008; Salati & Vose, 1979). ET is especially crucial during the initial stage of the dry‐
to‐wet transition, since it moistens and destabilizes the atmosphere (Wright et al., 2017). Consequently, for-
est loss from drought could cause reduced rainfall and delayed wet season onset (WSO).

Modeling studies have shown that drought and Amazonian forest loss may amplify each other. Specifically,
the forest loss intensifies regional droughts (Betts et al., 2004; Dickinson &Kennedy, 1992; Zemp et al., 2017)
as a result of the reduced dry‐season forest transpiration. Intensified drought events further inhibit forest
recovery (Poorter et al., 2016; Verbesselt et al., 2016) through increased mortality and likelihood of fire
(Brando et al., 2014). Some Earth system models that incorporate this feedback between drought and forest
loss have predicted an increase of drought severity and dry season length (DSL; Aragão et al., 2014; Duffy
et al., 2015; Li et al., 2006) and conversions of tropical forest to a lower tree cover ecosystem (Hirota et al.,
2011; Oyama & Nobre, 2003; Staver et al., 2011; Xu et al., 2016).

Recent observations of precipitation and ET have begun to support this modeling evidence. Fu et al. (2013)
show that the DSL increased by 1.3 ± 0.5 pentads (5 days) per decade over the southern Amazon during
1979–2011, primarily through delayed WSO. Wright et al. (2017) show that during the dry season the
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local ET triggers the WSO over the southern Amazon, implying that the reduction of ET during the dry sea-
son could delayWSO. Saatchi et al. (2013) and Shi et al. (2017) showwith observations andmodeling, respec-
tively, that the forest loss from 2005 Amazonian drought persisted for about 3 years, which implies a
reduction of local ET and a possible delay of WSO following this drought. Here we use observations to inves-
tigate whether forest loss resulted from the 2005 drought reduces ET in 2006 and delays 2006 WSO. Our
study provides observational evidence on whether it is possible to have self‐amplified drought through
land‐atmosphere feedbacks.

2. Method
2.1. Precipitation Data and WSO Definition

The observed WSO is characterized with precipitation measurements from the Tropical Rainfall Measuring
Mission (TRMM) 3B42 (1997–2015; Huffman et al., 2007), provided at 0.25° × 0.25° and 3‐hourly spatiotem-
poral resolutions. The daily precipitation rates, integrated from the 3‐hourly TRMM precipitation rate, is
averaged over a 5‐day period (pentad). The observed WSO is defined as the first pentad when the mean
pentad precipitation rate exceeds the climatological annual mean precipitation rate during six out of eight
pentads (Fu et al., 2013). Here the first pentad of WSO is defined as pentad 0, and the pentads before
WSO are labeled negatively and vice versa.

2.2. Large‐Scale Moisture Flux Convergence

Precipitation has two main sources: large‐scale moisture flux convergence (equation (1)) and local ET. Here
we use European Centre for Medium Range Weather Forecasts Re‐Analysis (ERA)‐Interim, provided at 0.7°
× 0.7° and 3‐hourly spatiotemporal resolutions, to calculate the atmospheric large‐scale moisture flux
convergence as (Wong et al., 2016)

P−E þ ∂Q
∂t

¼ −∇·F; (1)

where

Q x; y; tð Þ ¼ ∫
psrf

ptopq x; y; p; tð Þ dp
g

(2)

and

F x; y; tð Þ ¼ ∫
psrf

ptopq x; y; p; tð Þv x; y; p; tð Þ dp
g
; (3)

where P is precipitation, E is surface evaporation, and Q and F are column‐integrated specific humidity q
(SPHU) and moisture flux, respectively, from the top of the atmosphere (ptop, at 0.1 hPa) to the surface
(psrf). The vector v is horizontal winds. Here x and y represent longitude and latitude, respectively; p repre-
sents pressure levels; and t represents time. The tendency of Q, ∂Q∂t , is much smaller than the other terms after
temporal and regional averages and can be ignored. Therefore, the change of precipitation is the result of
changes in E and − ∇ · F. We name − ∇ · F as QATMO.

The increase of water vapor from large‐scale moisture flux convergence and/or local ET during the late tran-
sition season (i.e., −6–0 pentad) is a precondition for the WSO (Wright et al., 2017). To isolate the impact of
drought‐driven ET anomalies on WSO, we first identify the baseline years that have QATMO,year within ±1
standard deviation (σ) of QATMO,2006 during the−6–0 pentad before the climatological WSO. QATMO in each
year is calculated as

QATMO;year ¼ ∑0
i¼−6QATMO; (4)

where i is the pentad number before WSO.
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2.3. A New ET Product

By following the ET estimation approach from Swann and Koven (2017) and Maeda et al. (2017), monthly
total ET across watersheds in the Amazon is derived from satellite observations of precipitation and terres-
trial water storage (TWS) and ground‐based measurements of river runoff. Unlike the ET retrievals from the
Moderate Resolution Imaging Spectroradiometer, which have been shown to be seasonally biased in the wet
tropics (Maeda et al., 2017; Swann & Koven, 2017), this ET estimation is robust across seasons (Swann &
Koven, 2017). To keep the consistency between the precipitation used to identify WSO and that used to esti-
mate ET, we use TRMM precipitation in deriving ET. We use three Gravity Recovery and Climate
Experiment (GRACE) TWS retrievals from Center for Space Research, GeoforschungsZentrum Potsdam,
and Jet Propulsion Laboratory (JPL) and calculate the arithmetic mean of these GRACE TWS retrievals
(Sakumura et al., 2014). Runoff data sets for each watershed are obtained from the Observation Service
for the geodynamical, hydrological, and biogeochemical control of erosion/alteration and material transport
in the Amazon, Orinoco, and Congo basins (SO‐HYBAM) in situ river gauge discharge measurements span-
ning 2003–2015 (Figure 1a). With these three data sets, we estimate subbasin‐based monthly ET (herein
ETOBS; Text S1 in the supporting information).

ETOBS uncertainty estimates (σET) are from three components: precipitation (σRAIN), GRACE (σGRACE), and
runoff (σRUNOFF). Besides TRMM, we use the Precipitation Estimation from Remotely Sensed Information
derived from Artificial Neural Networks (PERSIANN) product (0.25° × 0.25° and daily temporal resolutions;
Ashouri et al., 2015) and the Climate Research Unit (CRU) version 4 (0.5° × 0.5° andmonthly spatiotemporal
resolutions; New et al., 2000) to identify σRAIN. The monthly GRACE TWS uncertainty is estimated to be 25
mm for an 800‐km averaging radius (Rodell et al., 2004), approximately the same size of the selected basin
groups (Figure 1a). Thus, σGRACE is 25 mm. We are not aware of any monthly runoff uncertainty estimates;
we acknowledge that these are unaccounted for in our ET estimates. We assume σRUNOFF is 10% of the run-
off amount in each Amazonian subbasin. Thus, σET is estimated as

σET ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
σ2RAIN þ σ2GRACE þ σ2RUNOFF

q
: (5)

2.4. The Criteria of Study Case Selection

We have three criteria to select the study region: (1) regions with mean evergreen tropical forest cover≥50%,
(2) regions that can find baseline years with similar QATMO values to that in the year after drought
(equation (6)), and (3) regions that have consistent precipitation variability between basin area‐weighted
mean (herein TRMMbasin) and the mean of the regular regions overlapping with the basins (herein
TRMMregion) during late transition. The climatology is defined as 2001–2015.

The calculations of large‐scale moisture flux convergence and local ET in different subregions show that
QATMO has much larger interannual variability than local ET (Tables S1 and S2). Thus, a “similar QATMO

year” is defined as

QATMO;year−QATMO;2006

�� ��≤σET;baseline; (6)

whereQATMO,year is theQATMO values during the−6–0 pentad in a specific year,QATMO,2006 is theQATMO in
2006, and σET, baseline is the interannual variability of ETOBS between the baseline years. Thus, we select
years with similar QATMO as that of the first year after drought to address the impact of drought‐induced
ET reduction on WSO. Since ETOBS is based on different Amazonia river basins, which are irregular, having
consistent precipitation variabilities between TRMMbasin and TRMMregion is also a criterion.

2.5. Water Isotope Observations and the Theoretical Model

To provide evidence of differences inmoisture source after drought, we use SPHU and δD retrievals (October
2004 to March 2011) from the Tropospheric Emission Spectrometer (TES) onboard the Aura satellite
(Worden et al., 2006). δD is calculated as
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δD ¼ 1; 000×
R−Rstd

Rstd

� �
; (7)

where R is the ratio of the number of HDOmolecules (NHDO) to the number of H2
16Omolecules (NH2O). Rstd

is the correspondingNHDO/NH2O ratio in a reference standard; here we use the Vienna StandardMeanOcean
Water, for whichRstd = 3.11 × 10−4. Over the southernAmazon, the typical uncertainties of TES retrievals are
~7–10% for SPHU and ~3–5% for R in the free troposphere (750–348 hPa). The mean degrees of freedom of
HDO/H2O retrievals in the vertical layers are ~0.5–0.6 at the top of the atmospheric boundary layer (surface
to 825 hPa) and ~1.2–1.6 in the free troposphere (750–348 hPa). Thus, these data can distinguish TES
δD‐SPHU variations in both the atmospheric boundary layer and free troposphere (Wright et al., 2017).
The TES SPHU and δD retrievals have limited sampling after March 2011 due to instrument aging.

We use a theoretical rainfall (Rayleigh) and atmospheric mixing model to group the moisture sources: water
vapor transpired from the forest and water vapor evaporated from the ocean (e.g., Galewsky et al., 2016;

Figure 1. (a) The watershed distribution map of ETOBS. The dashed box represents 4–12°S, 66–76°W, and the solid box
represents 5–15°S, 55–70°W. (b) The SeaWinds Scatterometer onboard QuikSCAT backscatter anomaly over 5–15°S,
70–55°W and the regression line (black) during July 2005 to October 2008.
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Noone et al., 2011; Worden et al., 2006). δD evaporated under thermodynamic equilibrium conditions from
the tropical ocean has an isotopic composition of approximately−70‰ to −90‰, while it is approximately 0
to−60‰ for rainforest ET (Risi et al., 2013;Wright et al., 2017). Thus, oceanic evaporation and tropical forest
ET are isotopically distinct moisture sources, with forest ET relatively enriched in deuterium (Worden et al.,
2006; Wright et al., 2017).

Sampling variations of satellite observations could cause changes in the physical quantities they observe.
TES HDO/H2O observations have a similar sampling density in the late transition of 2005–2009 in our study
region, with the sampling numbers 105, 94, 99, 106, and 103, respectively. Thus, the TES HDO/H2O inter-
annual variability does not come from sampling variability. Besides the impacts from oceanic evaporation
and local ET, strong subsidence could also be a reason for isotopic depletion (Brown et al., 2008). Thus,
we use the 500‐hPa vertical velocity from ERA‐Interim to identify subsidence.

3. Results
3.1. Study Region Selection

We first investigate two Amazonian subregions: western Amazonia (4–12°S, 66–76°W; Saatchi et al., 2013)
and southern Amazonia (5–15°S, 50–70°W; Li & Fu, 2004). Evergreen tropical forest has a 38% coverage
in 5–15°S, 50–55° W, while it is 73% over 5–15°S, 55–70°W (Figure S2). Thus, we narrow down the research
area to 5–15°S, 55–70°W (the first criterion). We then apply the second criterion to the western Amazon and
narrowed southern Amazon; 2005, 2010, and 2015 are drought years over the Amazon (Table S3); thus, we
exclude these 3 years for the calculation. We study ETOBS in September, October, and November (SON),
during which the wet season usually has its onset in the Amazon (Table S1).

In western Amazonia, QATMO,2006 is 20 mm/month, and QATMO in 2003 (54 mm/month), 2004 (52
mm/month), 2009 (5 mm/month), 2011(53 mm/month), and 2013 (48 mm/month) is within ±1σ of
QATMO,2006. However, the standard deviation of SON ETOBS over basins 2, 3, and 4 (Figure 1a) in these
selected 5 years is 12 mm/month. Not a single year of these 5 years has a QATMO value between
QATMO,2006 ± σET, baseline = 20 ± 12 month−1 (Table S1). Thus, western Amazonia is excluded by the second
criterion (Text S3).

In the narrowed southern Amazonia, the years 2003, 2004, 2007, 2008, 2009, and 2014 are identified within
±1σ ofQATMO,2006. The spatially weighted mean ETOBS over basins 4, 6, 7, and 9 (Figure 1a), covering 66% of
5–15°S, 55–70°W, has standard deviation of 8 mm/month among these 6 years. Using the second criterion,
we find 2009 (QATMO = 30 mm/month) has QATMO satisfy equation (6) (QATMO,2006 ± σET,baseline =32 ± 8
mm/month; Table 1). In addition, TRMMbasin and TRMMregion have consistent variability in September
and October between these 2 years (Figure S4). Thus, we investigate the impact of drought‐induced ET
reduction on WSO in 5–15°S, 55–70°W and define 2009 as a “similar QATMO year” (Text S3).

3.2. ETOBS Reduction in 2006

The ETOBS anomaly over 5–15°S, 55–70°W is −64, −51, and 50 mm/year in 2005, 2006, and 2007, respec-
tively. ETOBS is 87 ± 27, 100 ± 28, and 92 ± 26 mm/month in SON of 2006, respectively, while the mean
ETOBS values over the baseline years (Table 1) is 108 ± 27, 120 ± 27, and 115 ± 26 mm/month in the same
3months (Figure 2). We also calculate ET with each individual GRACE TWS product. During 2006 SON, the
3‐month mean ETOBS anomaly from any of these products is negative (the mean is −20 mm/month), lower
than the SONmean ETOBS anomaly (2 mm/month) over the baseline years (Table S5). Thus, all three ETOBS
from TRMM+GRACE retrievals give similar results with respect to the comparison between SON ETOBS in
2006 and those values over the six baseline years. Compared to the mean ETOBS in the baseline years, the
2006 ETOBS decreases by 18% (Table 1), suggesting that the observed drought legacy effect on evergreen tro-
pical trees (Figure 1b) may have led to an ET reduction in 2006. Note that ETOBS has negative anomaly
values −103, −41, −7, and −42 mm/year in basins 4, 6, 7, and 9 in 2006, respectively, corresponding to
the radar backscatter signal in 2006 (Text S2 and Figure 1b) and precipitation anomaly in 2005 (Figure S1a).

QATMO has larger interannual variability (σ2001–2015 = 33.0 mm/month) than ETOBS (σ2003–2015 = 9
mm/month), and the QATMO difference between 2006 and the baseline years ranges from −100% (in 2008)
to 72% (in 2014). To further isolate the impact of ET from QATMO, we compare 2006 to 2009 since the late
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transition QATMO difference between 2006 and 2009 is 2 mm/month less
than σET,baseline (Table 1). Compared to 2009, the SON ETOBS in 2006
has a 25% reduction. Meanwhile, 2009 WSO is four pentads earlier than
that in 2006. Thus, a drought‐induced ET reduction could be the reason
for the WSO delay in 2006.

3.3. TES δD Suggested ET Reduction in 2006

TES δD observations also suggest ET reduction in 2006 relative to baseline
years. Owing to the limited availability of TES observations in time, we
study TES δD changes between 2006 and 2007, 2008, and 2009. Figure 3
shows the distribution of δD versus SPHU over these 4 years. The evapora-
tion curves (i.e., the green and blue lines) are obtained from the theoretical
model (Worden et al., 2007). The green lines represent mixing models, in
which air from a dry and isotopically depleted source such as from the
middle troposphere mixed with air from an ET (top green line) and ocea-
nic (bottom green line) source. Similarly, the blue lines represent the
“rainfall” curve describing how air parcels become more isotopically
depleted and the air condenses at a temperature of ~277 K (Wright et al.,
2017). Observations near the top green line can only come from an

enriched source such as transpiration. Due to rain drop evaporation and convergence of depleted air parcels
associated with deep convection, there are δD values below the bottom oceanic (blue) curve (i.e., the ocean
Rayleigh curve); these values will not be discussed in this study. For both water vapor sources, SPHU is set to
20 g/kg, consistent with the relative humidity range of ~70–80% for typical daytime surface air temperatures
during the southern Amazon transition season (Figure 3). According toWright et al. (2017), if the free tropo-
spheric moistening is dominated by upwardmixing of local ET, then the larger SPHU in the free troposphere
associated with higher values of δD (e.g., the red dots with SPHU values ~8 g/kg in Figure 3c) could be attrib-
uted to a land source. If the moistening were dominated by transport from oceanic sources, the larger SPHU
would be associated with lower values of δD (e.g., the red dots with SPHU values ~8 g/kg in Figure 3a).

Here the results shows that the larger SPHU is associated with lower δD values in 2006 relative to the other 3
years during the late transition (Figure 3), suggesting a relatively smaller contribution from local ET in 2006.
The TES δD spatial differences between these 3 years and 2006 also suggest lower δD values during the late
transition of 2006 (Figure not shown). The regional mean δD value of 2006 is −135.8 ± 26.2‰, relatively

lower than the values in 2007 (−124.8 ± 16.6‰), 2008 (−133.8 ±
20.3‰), and 2009 (−129.2 ± 19.5‰). The root‐mean‐square of the distri-
bution is used as the error, since the data are effectively random at the
monthly timescale (Worden et al., 2007). In the late transition of 2006,
2007, 2008, and 2009, ERA‐Interim 500‐hPa vertical velocities are 0.013,
0.016, 0.015, and 0.019 Pa/s, respectively, and the mean value during the
late transition of 2001–2015 is 0.015 ± 0.003 Pa/s. Thus, the lower δD value
in 2006 is not associated with strong subsidence‐induced isotopic deple-
tion, and the relative contribution of local ET to precipitation is reduced
during the 2006 late transition.

4. Discussion

Several severe droughts and increasing DSL have been observed in
Amazonia in the recent decades. The timing ofWSO is an important proxy
of Amazonian DSL. Fu et al. (2013) suggest that the increased DSL at a
rate of 1.3 ± 0.5 pentads per decade since 1979 is mainly caused by the
delay of WSO at a rate of 0.9 ± 0.4 pentads per decade. Thus, the 2006
three‐pentad delay of WSO (Table S1) and the frequency at which similar
delays occur are important to climate studies over Amazonia. Using the
improved Priestley Taylor‐JPL ET algorithm, Purdy et al. (2018) show that
transpiration and canopy evaporation are the dominant ET components

Figure 2. Area‐averaged ETOBS (upper) and ETOBS anomaly (lower) over
watersheds 4, 6, 7, and 9 in September (S), October (O), and November
(N) of 2006 and the mean of these two variables over the baseline years
(2003, 2004, 2007, 2008, 2009, and 2014). The error bar is σET. ET =
evapotranspiration.

Table 1
QATMO During the Late Transition Obtained From European Centre for
Medium‐Range Weather Forecasts‐Interim, the Area‐Averaged ETOBS Over
SON, and Tropical Rainfall Measuring Mission Suggested WSO in 2003,
2004, 2006, 2007, 2008, 2009, and 2014

Year
QATMO

(mm/month)
Mean of SON ETOBS

(mm/month)
Pentad of
WSO

2006 32 93.0 64
2003 21 111 66
2004 22 112 64
2007 48 110 58
2008 0 124 66
2009 30 124 60
2014 55 104 61
Mean of the
baseline years

30 ± 20 114 ± 8 63 ± 3

Note. QATMO = large‐scale moisture flux convergence; ET = evapotran-
spiration; SON= September, October, and November; WSO=wet season
onset.
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(up to ~80%) over Amazonia. Thus, with the 2005 drought‐induced canopy biomass reduction and slow
recovery, local ET reduction in subsequent years would be expected.

We acknowledge the uncertainties in the observational data sets used in this study; however, they do not
affect our analyses and conclusions. In addition to TRMM precipitation, we use the Global Precipitation
Climate Project (GPCP) product to identify WSO. Even though the WSO estimates from GPCP are different
from those of TRMM (Table S6), our conclusions are robust against the choice of either TRMM or GPCP
(Text S4). Here ETOBS calculated from any of the GRACE TWS product shows similar variability between
2006 and the mean of the six baseline years (Table S5). We also quantify the ETOBS uncertainty, which
may be better constrained in future given further refinement of the retrieval technique (Tapley et al., 2004).

By using multiple observational data sets, this study quantitatively shows that the legacy of a drought is to
reduce ET in subsequent seasons and delay the timing of WSO. This conclusion is consistent with the
study of Wright et al. (2017), which shows that rainforest transpiration enables an increase of shallow con-
vection, moistens the lower troposphere, and destabilizes the atmosphere during the initial stage of the
dry‐to‐wet transition. This result is also indicative of the WSO dynamics at the scale of the broader
Amazon forest. For example, the WSO in a larger region (0–15°S, 55–70°W), dominated by evergreen tropi-
cal trees (Figure S2a), also shows a delayed WSO in both 2005 and 2006 (Table S7). However, the WSO over
5–15°S, 50–70°W is only delayed in 2005 (Table S7), which could be associated with the reduced forest cover
fraction (Figure S2b). We also investigate the 2010 drought in different Amazonian subregions but cannot
find a single baseline case during 2001–2015 to identify the WSO delay associated with a drought legacy
effect (Text S3). Nevertheless, ETOBS anomaly value is −59 mm/year in 2011, suggesting an ET reduction
after the 2010 drought (Figure S5).

Zemp et al. (2017) elaborate on a possible self‐amplified Amazonian forest loss due to vegetation‐atmosphere
feedbacks. The case study we offer here using observations from multiple sources implies that forest legacy
effect may extend the DSL and potentially cause more Amazonian forest loss, supporting the conclusion by

Figure 3. Tropospheric Emission Spectrometer observed deuterium content and specific humidity in the lower troposphere (825–600 hPa) during −6–0 pentad
before the climatological wet season onset in (a) 2006, (b) 2007, (c) 2008, and (d) 2009 over 5–15°S, 55–70°W. The green lines and blue lines represent transpira-
tion and oceanic sources, respectively. The red dots spread between the two solid green lines represent local evapotranspiration (q = 20 g/kg; δD = −30‰) and
that spread between the two blue lines represent oceanic evaporation (q = 20 g/kg; δD = −80‰). This grouping method is statistical and cannot exactly separate
water vapor from these two sources.
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Zemp et al. (2017). This research shows that the study of other drought events (e.g., the 2015 drought; Figure
S1c) is limited by the length of the observational record (e.g., TES δD), observational gaps (e.g., increased
observational gaps of GRACE after 2010), and the inconsistency between basin‐based observations and
large‐scale gridded observations. Thus, the long‐term consistent deuterium retrievals from Atmospheric
Infrared Sounder and the ET product from ECOsystem Spaceborne Thermal Radiometer Experiment on
Space Station could provide important observational constraints to understand land‐atmosphere feedback
and therefore precipitation forecast.

5. Conclusions

In this study, both an observationally constrained ET product and TES δD suggest that a drought‐disturbed
canopy during 2005 led to reduced ET and a late dry‐to‐wet transition in 2006. Even though both ETOBS and
QATMO reduction can be associated with a delayed WSO in Amazonia, observational evidence indicates that
reduced ET in 2006 is the primary factor that triggered a three‐pentad WSO delay (compared to the
2001–2015 mean) in 2006. Thus, the observation‐based analyses support the hypothesis that forest loss
can delay WSO through ET reduction. This study extends the time frame of drought memory discussed in
previous research, and it underscores the importance of investigating drought memory effects on timescales
of a year or longer.
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