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Abstract

Monitoring agricultural activities has benefited so much over the last 20 years from the advances
in remote sensing (RS). Nowadays, operational algorithms are available to calculate
evapotranspiration (ET) calculation at pixel level, which is an important state variable for
agricultural and water management studies. Since these algorithms are based on thermal and
visible information, their success of implementation depends highly on clear sky conditions.
Oftentimes, agricultural managers monitoring requirements may not always match with the
availability of satellite images in terms of spatial and temporal resolutions. Supplementing the RS
data with high spatial and temporal resolution synthetic datasets is a promising option in this
case.
This paper describes the initial implementations of a methodology where the evapotranspiration
data from RS images could be used to generate enhanced spatio-temporal data during the periods
when satellites are not available. A real-coded genetic algorithm is coupled with a Soil-Water-
Atmosphere-Plant model (SWAP) to estimate pixel-based soil-plant-water parameters controlling
the pixel evapotranspiration derived from the satellite images. The technical considerations of
implementing such a methodology are visited here.

1. Introduction

Agricultural monitoring is necessary for
efficient food security management at country
level. Typically, monitoring requirements from
the point of view of an agricultural/irrigation
manager would be to “see” each field at a
regular interval to which 15 days is reasonable.

Evapotranspiration (ETa) is converting the
water into crop, and is therefore a crucial indic-
ator of crop productivity. ETa can be estimated
from satellite remote sensing (Menenti, 2000).
However, on the side of satellite platforms
specifications, data at high spatial resolution
(i.e. from Landsat 7ETM+ or TERRA-ASTER)
is at about size of the largest fields (~1 ha), but
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is available only few times a year practically,
while data at low spatial resolution (i.e. from
TERRA-MODIS) is available daily (even 8-
days composites are ready from Internet).

A potential solution would be to match these
two types of satellite images evapotranspiration
by running instances of crop models at both
resolutions with proper parameters. Those crop
model input parameters are changing on pixel-
to-pixel basis, therefore using a data assimilation
method is most interesting to try and solve this
problem. Because the search domain of this
assimilation problem is multi-dimensional and
highly non-linear, using an evolutionary search
algorithm like the genetic algorithm (GA;
Goldberg, 1989) is preferred. Similar work by
(Ines, 2002) used some remotely sensed
information combined with GAs and the Soil
Water Air Plant model (SWAP; Van Dam et al.,
1997) in the objective of optimization of soil
hydraulic parameters.

This paper describes the implementations
issues of the program [GA+SWAP] whereby the
ETa data from remote sensing images could be
used to generate the ETa data during the periods
when satellite data sets are not available. SWAP
is used by a GA to estimate pixel-based plant/
water parameters controlling the pixel ETa ob-
served by the satellite images. Two open source
options have been investigated for geographi-
cal linkage, the first one being GRASS GIS and
the second one being a remote sensing image
handling library (Honda, 1995).

2. Methodology

The ETa dataset is created from the process-
ing of the Surface Energy Balance Algorithm for
Land (SEBAL; Bastiaanssen, 1995) and actual
solar radiation correction. The ETa data to be used
as target for the optimization process is made
of 46 8-days aggregated images of TERRA-
MODIS and 2-3 images of Landsat/ASTER for
a given year. Channels used are 7 VNIR and 2
TIR for TERRA-MODIS. For TERRA-ASTER,
7 VNIR bands and pre-processed LST product.
Eventually, for Landsat 7 ETM+, 5 VNIR and 1
TIR band would be used.

This target ETa dataset has to be matched
by the ETa output of successive optimization
runs of SWAP model. The SWAP model is a
one-dimensional transient model to simulate
water flow in a heterogeneous soil-root system,
which can be under the influence of ground-
water (Feddes et al., 1978). It has been recently
modified to include solute transport, heat flow
and crop growth in the air-plant-soil environ-
ment (Van Dam et al., 1997). The SWAP input
parameters to be determined by the Genetic
Algorithm are the starting date of cropping, the
time extent of cropping and the groundwater
depth in 1st January and in 31st December. It is
expected to use rice pixels with double cropping
as a case study.

The Genetic Algorithm will feed the newly
proposed parameters to SWAP according to the
evaluation of the difference between SWAP
output ETa values and the target ETa values.
The genetic algorithm (Michalewicz, 1996)
used in this study is a simple implementation
of the process of evolution. Genetic Algorithms
deals with the evolution of genes from indivi-
duals belonging to a given population. Changes
in the genes of the individuals of a given popu-
lation permits the selection of certain group of
genes that are most important in fitting the
environment pressure on the population. In this
study, the environment pressure is the SWAP
model ETa output that has to match the remote
sensing ETa target. When a minimum-difference
defined threshold will be reached, SWAP para-
meters will be stored for reconstruction of high
spatial ETa for any required day in the cropping
season. The search domains for the dates of
starting of cropping will require a non-over-
lapping restriction of about 90-100 days for soil
preparation essentially. The time extent of the
cropping season will be between 3 to 5 months.
The groundwater level may be ranging from 0
to 500cm depth but for the purpose of the case
study it may be narrowed according to some
general information about the area in order to
improve the time efficiency for convergence.

Consider F the fitness function (inverse of
the cost), having (x,y,d,p) parameters, x the
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longitude [0-180/E-W], y the latitude [0-90/N-
S], d the date [yyyymmdd] and p the pixel size
[90/1000]. The fitness of an individual having
xydp characteristics will be the inverse of the cost
function aiming at minimizing the differences
between SWAP simulation and target ETa, i.e.
F

xydp
 = 1 / Eval

xydp
 :

Equation1

With the value of parameter A at p=1000
being A

XYD1000
 and its value at p=90 being

A
xyd90,

 (x,y,d) ∈ {[(x
1000

-500);(x
1000

+500)],
[(y

1000
 -500);(y

1000
+500)],[i,...,j]} and m being

the count of small pixels in one large pixel, n being
the number of dates for the large pixels ( [e,...,f]
and q the number of dates for the small pixels
∈ [i,...,j].

The geographical software should give
access to specific pixels at different resolutions
and provide them to the [GA+SWAP] program.

3. Implementation in GRASS GIS

Initial implementation was done only for
optimization of a large pixel (Figure 1), without
considering the dimension of small pixels
(Chemin et al., 2004). It was taking 30-45
minutes on a 1.2 GHz machine to optimize one
pixel. At that point a GRASS GIS model
(r.gaswap; Chemin, 2004) was developed to
provide pixels input to the model as a proper
GIS modelling functionality, in the hope that
further GIS functionalities from within GRASS
GIS could be used to develop the final model
with combined resolutions. One of the functions
that was of interest at that point in time, was
g.region. The need was to get one large pixel
(i.e. MODIS) at a certain location for many dates,
for that same large pixel location, a set of small
pixels from other satellites (i.e. Landsat, ASTER)
should be selected within the area encompassed
into the area of the large pixel. The idea is to Figure 1: Implementation in GRASS GIS

provide a location of a center of a large pixel,
collect their values, then do a g.region resolution
transform to collect all small pixels correspond-
ing to the large one. Additional GIS/RS func-
tionalities from the environment of GRASS
GIS would be convenient in the process of
database preparation and handling for the pixels
to be accessed and new images written. How-
ever, the development went as far as porting the
[GA+SWAP] program for only the large pixels
optimization.

It became immediately evident that it
would become problematic to run more than a
dozen of pixels at a time on a single computer
because of the inherent processing time needed
for each pixel. Therefore another processing
direction was open, besides the development of
the model itself.

4. Implementation in Image Handling
Library

Akhter (forthcoming) has investigated the
distributed processing of the model with large
pixels only (Figure 2) in a Beowulf-style cluster
(www.optima.ait.ac.th). Early reports are
encouraging.

However, the complete program (with two
spatial resolutions) would likely require a large
size cluster to process a medium size area within
short time spans. Since using GRASS GIS
environment in Cluster computers (Hargrove et

MODIS DB
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al., 2001) is still in development, a small-size,
portable image library (Honda, 1995) will be
preferred once the main model will be com-
pleted and reimplemented over a distributed
programming language. Initial directions (Akhter,
forthcoming) are 1) process one pixel at a time
by distributing each genetic chromosome to
each node at the same time, and 2) run one pixel
per node.

5. Conclusion

While this methodology is still not applied,
the scope of research has been well defined, and
the preliminary analysis for one spatial resolu-
tion is encouraging. A bridge to GRASS GIS
was made, and worked successfully but the
processing time involved was too long on a
stand-alone computer when considering more
than a dozen of pixels. A parallel computing
development has started with a small GPL image
handling library.

Implementation of the methodology with
two spatial resolutions is in preparation at the
time of the writing of this paper.
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Figure 2: Implementation in the
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