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ABSTRACT

Surface water is a critical resource in semi-arid west-
African regions that are frequently exposed to droughts. The
application of time series from the Moderate Resolution
Imaging Spectrometer (MODIS) to derive spatio-temporal
changes of water and vegetation in and around West-
African wetlands is demonstrated for the years 2000-2012.
A near infrared (NIR) based gradient threshold and
calculation of the Normalized Difference Vegetation Index
(NDVI) is applied on the time series using the MOD09Q1
surface reflectance product. Surface water dynamics and
vegetation anomalies of surrounding regions were found to
coincide with the occurrence of drought seasons. This study
demonstrates the successful application of remote sensing
time series for wetland monitoring.
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1. INTRODUCTION

The application of satellite data time series to characterize
critical spatio-temporal changes of water and vegetation in
wetlands is demonstrated exemplary for selected west-
African wetland areas in Burkina Faso. In this work,
wetlands are defined as areas covered by water during
minimum two months per year. Burkina Faso is a semi-arid,
land-locked country in the west-African sub-Saharan
region. It has been frequently exposed to droughts leading
to food crises, particularly in the mid-1970s and 1980s, as
well as in the past 15 years. Burkina Faso’s freshwater
resources are below the international threshold for water
scarcity of 1000 m? inhabitant™ year™ [1].

Wetland mapping and monitoring using time series of
medium resolution data has been carried out using different
remote sensing sensors and techniques [2], [3]. One of them
is a near infrared band (NIR) threshold due to NIR energy
being strongly absorbed by water [4], [5]. The Normalized
Difference Vegetation Index (NDVI) serves not only to
characterize vegetation conditions, but has also been used
for studying wetland vegetation, as well as for detection of

wetlands in semi-arid areas due to the high contrast to their
environment in the dry season [5]. Sensors like the
Moderate Resolution Imaging Spectrometer (MODIS) offer
additional bands in the blue, green and mid infrared (MIR)
range with 500 m resolution [6], showing a greater potential
for further water and vegetation indices [7], [8], however,
with substantially decreased spatial resolution. Remotely
sensed wetland monitoring in the Sahel region has been
carried out for specific study areas [9], [10]. Only few
studies have worked consistently on large regions [4], [5],
[11] which is challenging due to the high temporal
requirements caused by strong seasonal effects, and spatial
requirements observing small, but significant wetlands. This
study focuses on such a monitoring that can potentially be
extended to larger areas.

2. METHODOLOGY

The study area is defined as north-south transect ranging
from the semi-arid Sahel to the Sudano Savannah in
Burkina Faso. The main dataset used in this work are time
series from MODIS from 2000 until 2012. The chosen
MODIS products are 250 m surface reflectance
(MOD09Q1) for deriving information on surface water and
vegetation, and 500 m surface reflectance (MODO09A1) for
the use of quality and state flags. MODIS 8-day red and
NIR composites with a resolution of 250 m were imported.
The quality and state flags were resampled to the 250 m
pixel size of the NIR and red bands, and further used for
removal of low quality pixels and clouds. Monthly
aggregation was carried out for all remaining data on a per
pixel level. A slope map was calculated from a digital
elevation model (DEM) from the Shuttle Radar Topography
Mission (SRTM). Rock outcrops with steep slopes were
excluded to avoid misclassifications as water. For surface
water detection, a NIR threshold varying along a gradient
ranging from 15% (10°N) to 25% (15.5°N) NIR surface
reflectance was chosen based on validation with Landsat
data from 2002, 2009, and 2013.
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Fig. 1. Cumulative water covered surface area for May 2010-April
2011. Two natural wetlands (Lac Bam, Mare de Darkoy) and two
artificial wetlands (Barrage de Ziga, Barrage de Bagré) are shown

as examples.

Bagré

Summing up each of the monthly water masks, a cumulative
water covered surface area (Fig. 1) was calculated for each
season (May to April of the following year), concluding to a
near-permanent water covered area (>8 months/year) or
dynamic area (2-8 months/year). The use of the NDVI that
was calculated using the red and NIR MODIS bands is
twofold: Firstly, anomalies of NDVI dry season sums in the
surrounding areas are calculated and compared with spatio-
temporal variations of surface water, and the occurrence of
droughts (Fig. 2, Fig. 3). Secondly, it aids to detect
increasing chlorophyll activities associated with irrigated
cultivations around wetlands, or with flooded or floating
vegetation in water. Thus, a trend analysis of the anomalies
of each year’s cumulative water covered surface area, as
well as dry season NDVI sums, was carried out (Fig. 4).

3. RESULTS

Surface water dynamics are shown as cumulative water
covered surface area for the study region. Four examples of
different wetlands located along the gradient are highlighted
(Fig. 1). The near-permanent area is visualized in shades of
blue and the dynamic area in shades of green. A great
variability between different wetlands persists. Northern
natural wetlands (Lac Bam, Mare de Darkoy and
surrounding wetlands) are mostly not water covered
throughout the whole year and the dynamic area is larger,
whereas large wetlands with dams located further South
(Barrage de Ziga, Barrage de Bagré) show relatively large
near-permanent areas. In some cases floating vegetation
prevents the detection of water, as it is assumed for the
example of Darkoy.

The NDVI can be considered as a proxy for vegetation
conditions and concludes to intensity or duration of
chlorophyll activity during the chosen dry season. Fig. 2
and Fig. 3 show anomalies from the mean of the summed up
NDVI values for each respective dry season (Oct-Apr).
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Fig. 2. NDVI anomalies of summed NDVI for the dry seasons
(Oct-Apr) for a wet year (2010-11) and a drought year (2011-12),
for Lac Bam and Barrage de Bagré.

A wet year (2010-11) and a drought year (2011-12)
have been chosen for Barrage de Bagré and Lac Bam, and
are displayed in Fig. 2. Orange to red colors indicate
negative NDVI anomalies, blue colors positive anomalies.
In the 2010-11 wet year the dynamic area inside Barrage de
Bagré appears as negative NDVI anomaly with a strongly
negative outer boundary, due to longer water coverage.
Bam, however, shows a positive anomaly on some of its
shoreline that could originate from strong irrigation
activities surrounding the wetland during the dry season. In
the 2011-12 drought year there is a positive NDVI anomaly
in the center of both wetlands that has to be further
investigated. The strong positive trend on the coastline of
Bagré is assumed to be coastal vegetation due to fast water
retreat. Increasing irrigation activities adjacent to the
wetlands have been confirmed over the past couple of years
based on high resolution Landsat data.

Fig. 3 shows anomalies from the mean of the summed
up NDVI values for each dry season (Oct-Apr) between
2000 and 2012, over the whole study area. Wetlands are
masked in black. Where drought seasons (2000-01, 2004-
05, 2011-12) are marked in red, NDVI anomalies are mainly
negative (red), and have been found to coincide with the
smallest area and shortest water coverage of wetlands. In
the two seasons of largest water coverage in terms of
surface area and duration (2003-04, 2010-11) positive
NDVI anomaly trends (blue) of the surrounding area are
predominant.
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Fig. 3. NDVI anomalies of summed NDVI for the dry seasons (Oct-Apr) from 2000-01 until 2011-12. Drought years are marked in red.

‘0
S | -
o cumulative cumulative water | NDVI dry season
s water area anomaly trend anomaly trend

[months]
o
T 0,56

: ;
o [ [ R
g - Wes-
@ | E [T o2s-05 5"
- s - [Jo-02s - ~ =
cumulative water 4 cumulative water o NDVI dry season
covered surface — anomaly trend sum anomaly trend 0
[ E [ eo2s)-0 —
.
) - []cos)-co2s) | A
j - 5 B -0 ‘
£ e I
8 ™~ B - 4 W I
i

o N s | JERNEE) 067
- . 10 L wetland

. " ._‘ i water area

M § "

cumulative water
covered surface

cumulative water
anomaly trend

NDVI dry season
sum anomaly trend

Fig. 4. Cumulative water covered surface area, anomaly trend of the cumulative water covered surface area, and anomaly trend of NDVI

dry season sums are shown for Bagré and Bam.

For the two case studies Barrage de Bagré and Lac
Bam, Fig. 4 shows the cumulative water covered surface
area, the anomaly trend of the cumulative water covered
surface area, and the anomaly trend of NDVI dry season
sums. Bagré shows a negative anomaly trend of water
coverage duration in the center (red), but positive anomalies
in the dynamic part (blue), assuming a tendency towards
larger water extent, but of shorter duration. Bam shows a
general negative trend (red), particularly on its east coast,
where standing and floating vegetation in water has been

confirmed in recent Landsat imagery. The trend of the dry
season NDVI anomalies focuses on the regions close to the
coastline, and the water covered area of the two wetlands is
masked in black. Lac Bam shows a strong positive trend
(blue) adjacent to the coast which concludes to the strong
increase of irrigated cultivation. Barrage de Bagré, however,
shows the opposite behavior (red), concluding to larger
water areas, but no increased cultivation. An exception is
the area of large irrigated rice fields in the south-east of
Barrage de Bagr¢.



4. CONCLUSIONS

This work shows the application of MODIS time series for
spatio-temporal wetland monitoring. Surface water as well
as vegetation can be jointly detected from satellite data and
used to describe and categorize important wetland features
relevant for better monitoring of critical water shortage
situations. Surface water dynamics as well as vegetation
anomalies in the surrounding region can be related to the
occurrence of drought seasons. Increasing land use activities
such as irrigated cultivation around Lac Bam could be
detected with MODIS. The vegetation status of a wetland
area is more an indicator for the available water during the
past months, whereas the water covered area itself can be an
indicator on minimum water availability in the coming dry
season.
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