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DIURNAL VARIABILITY OF SATELLITE DERIVED PRECIPITABLE WATER IN THE AMAZON BASIN
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1 INTRODUCTION

The Amazon Basin plays an important role in the
tropical climate and hydrology. It contains one of
the major convective centers that fuels the general
circulation of the atmosphere and its abundant rain-
fall feeds the largest freshwater stream of the world.
The tropical forests provide habitats for about half
of the world’s species and are an important natu-
ral sink of

�����
. Over the past decade, the Ama-

zon Basin has received considerable attention from
the scientific community as a result of the potential
climatic and hydrologic impact of biomass burning
and deforestation. Rates of deforestation in Brazil-
ian Amazon have increased from 15,000 ���

�
	�����
in the early 1990s to more than 18,000 ���

��	�����
in

1995 to 1998 (Laurance 2000).
Deforestation as a result of human activities is

altering the conditions at the lower boundary of the
atmosphere. Numerous modeling studies (e.g., No-
bre et al. 1991, Costa and Foley 2000) have ex-
amined how the climate and hydrology of the basin
may respond to deforestation. In order to evaluate
possible anthropogenic impacts to the Amazon, we
must improve our understanding of the ”natural” cli-
matic and hydrological processes operating within
the basin. While long-term studies of the variabil-
ity of precipitation (e.g., Paiva and Clarke 1995) and
river discharge (e.g., Richey et al. 1989, Marengo
1995) have been examined, other components of the
hydrologic cycle, such evapotranspiration and atmo-
spheric water vapor have not received the same level
of attention.
�
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Water vapor is an important link connecting vari-
ous components of the hydrologic cycle and a better
understanding of its role requires long-term observa-
tions of both small- and large-scale water vapor fea-
tures. Recent studies of atmospheric moisture and
its transport have focused on its seasonal cycle and
interannual variability using atmospheric reanalysis
data (e.g., Curtis and Hastenrath 1999, Zeng 1999)
at larger temporal and spatial scales. Remote sens-
ing from satellites provides the opportunity to mon-
itor atmospheric water vapor at higher spatial and
temporal resolution than conventional sources, such
as surface and radiosonde networks or model anal-
yses. Geostationary satellites, in particular, provide
excellent temporal sampling to supply the needed
observations to characterize the diurnal variability of
PW. This paper presents a picture of the meso-scale
moisture patterns and diurnal variations of satellite
derived estimates in June and October of 1988.

2 SATELLITE RETRIEVAL ALGORITHM

The satellite retrieval algorithm used in this study
is a physical split-window (PSW) technique initially
developed by Jedlovec (1987) and first applied to
GOES imagery by Guillory et al.(1993). The PSW
technique exploits the differential absorption of wa-
ter vapor in the 11 and 12 � m channels. In this
procedure, an initial estimate of the state of the at-
mosphere must first be supplied. Using a radiative
transfer model, the expected atmospheric radiative
emission received at the satellite sensor in the 11
and 12 � m bands is calculated. From the perturba-
tions between the expected and observed radiation,
we can calculate an appropriate offset between the
estimated and actual integrated water vapor content



and retrieve PW. A detailed discussion of the mathe-
matical formulation of PSW can be found in Guillory
(1991) and a thorough evaluation of the performance
is given in Suggs et al. (1999).

3 DATA AND METHODOLOGY

Observed radiances were retrieved from the
GOES Visible Infrared Spin Scan Radiometer
(VISSR) Atmospheric Sounder (VAS) for 1988. The
NCEP/NCAR Reanalysis Project data provided the
first guess atmospheric fields applied as input to the
PSW. These fields included 17 levels of air tempera-
ture and 6 levels of humidity at 6-hourly intervals.

The area under investigation is the Amazon River
Basin as shown in Figure 1. The box surrounding the
basin represents the extent of the GOES imagery
and therefore the derived PW fields. Also shown in
figure 1 are seven 5x5 degree ”zones” identified to
concentrate our analysis.
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Figure 1: Study area encompasses the Amazon
Basin and surrounding fringes. Box represents areal
extent of geostationary imagery used in deriving PW
with seven analysis zones outlined.

PW retrievals are made at a three-hourly time
step during daylight hours for the months of June
and October in 1988. Radiances are averaged using
a 25 pixel neighborhood to minimize random noise
in the sensor, thereby reducing the effective retrieval
resolution to 40 km. Areas obscured by cloud cover
are assigned the PW value of the first guess field
from the Reanalysis data. Spatially continuous 0.5
degree fields are then generated 5 times daily at 12,
15, 18, 21 and 00Z, and then smoothed to reduce
differences between PSW and the first guess values.

For each day, the maximum difference was com-
puted among the 12Z, 15Z, 18Z, 21Z, and 00Z grids.
A monthly average diurnal grid was then created
and summarized by individual zones. The zones se-
lected represent varying land surface and meteoro-
logical characteristics. When the PSW method is ap-
plied directly locations with radiosonde observations,
PSW estimates PW reasonably well with MAE rang-
ing from 3.0 to 9.0 mm and MAE/observed mean
around 20%.

4 RESULTS

The geographic distribution of PW for June and
October in 1988 is shown in Figure 2. A strong north-
south gradient exists in June with a basin average of
38 mm. The highest PW values (over 55 mm) are
found in the northwest, while the lowest (less than
25 mm) occur in the most southern and southeast-
ern portions of the basin. In October the basin aver-
age is slightly higher at 41 mm, however, the spatial
gradient is largely absent with higher PW throughout
the area. More specifically, the monthly averages for
zones 1 and 2 are between 45 and 50 mm, whereas
zone 6 remains at 30 mm. The differences evident in
June and October are largely due to changes in the
large-scale circulation patterns and core centers of
convection with the transition between the wet and
dry seasons. In June, the ITCZ resides in the north-
ern hemisphere causing surface winds to blow in an
east-west direction into the mouth of the river. This
draws in extremely moist air from the mid-Atlantic
and allows periodic fronts to move up from the South
Pacific High. In October, with the wet season just
beginning, the ITCZ moves southward, pushing sur-



face winds in a more northeast-southwest direction.
The subsidence of the South Pacific High and the in-
crease of temperature produces a low pressure area
over the basin, which increases precipitation and at-
mospheric water vapor.

The diurnal variations are among the most promi-
nent modes of variability in the Amazon. The diur-
nal cycle exhibits marked regional variations, usu-
ally related to low-level, geographically tied circula-
tions. The average diurnal range for June and Oc-
tober in 1988 is shown in Figure 3. Diurnal range of
water vapor tends to increase as you move further
south and east. June displays a north-south gradi-
ent of variation similar to the PW field, although with
a negative correlation to PW. In October, many of the
areas with large PW variations correspond to grass-
lands and non-forested areas (except for the south-
east coast) and smaller variations correspond to ar-
eas with forested heavy precipitation areas, such as
the northwest.

Figure 4 displays the daily diurnal range for three
selected zones in both June and October. The y-axis
represents the percent change from the daily mean
(e.g.,

���������	��
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� ). Zone 1 shows little diurnal vari-

ation and remains fairly consistent throughout both
months. Zones 4 and 6 show a much larger vari-
ation, nearly 40% in some instances. The spikes in
the graph most likely represent synoptic events (cold
surges) moving northward.

PW peaks earlier in the day during October than
in June. For all zones, except zone 2, the peak time
for PW was 1 to 2 time-steps (3 - 6 hours) earlier
in October than in June. This may be accounted for
by land surface changes between June and October.
For example, October is at the end of the dry season
when foliage cover is less than at the end of the wet
season. Also, the months prior to October are peak
burning seasons for deforestation activities, leaving
the land surface void of thick vegetation than existed
in June.

5 SUMMARY

This paper examines the geographic distribution
and diurnal variability of satellite derived precipitable
water for June and October in 1988 across the Ama-
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Figure 2: Average PSW-derived PW in 1988
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Figure 3: Average diurnal range of PSW-derived PW
in 1988

zon Basin. The GOES estimates enables investiga-
tion of the moisture field at higher spatial and tem-
poral scales than conventional radiosondes obser-
vations or model analyses. In addition, the PSW-
derived estimates offers the opportunity to monitor
the variability and trends over the region that may
be evident as a result of biomass burning and defor-
estation.
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Figure 4: Diurnal range of PW in 1988 for Zone 1,4,
and 6.
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