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Summary:

This study aims at developing a methodology for continuous monitoring of the Sudd
and Bahr el Ghazal wetland extent, evaporation losses and storage variations. Wetland
extent map time series are produced based on a thorough calibration process of
MODIS satellite images at small time increment. Four different satellite radar altimetry
datasets are used to derive matching characteristic water levels. Both area and level
time series are employed to obtain an Area-Level-Volume relationship that allows for
continuous monitoring of storage variations. A set of Python codes have been
developed and validated for automating the image processing, and water level
extraction, as well as synchronization of both time series. Results indicated that the
former studies over-estimated the extent of the Sudd wetlands areas and the
corresponding evaporation losses, but Bahr el Ghazal area results agree with literature.
Storage variations estimates confirm that both wetlands don’t act as a reservoir but
more as a sink. Since flow records in the basin cease to exist, the developed workflow
provides a reliable tool for wetlands hydrologic monitoring and enhanced water budget
calculations.
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Abstract

Wetlands are complex dynamic ecological systems that preform a significant
function in keeping environmental quality standards, subsidizing livelihoods and
enriching biodiversity. Most of Nile Basin wetlands are recognized as wetlands of
international importance, including the Sudd and Bahr el Ghazal wetlands. Therefore,
their environmental assessment and continuous monitoring is a necessity. Situated in
the central western part of the Nile Basin, Bahr el Jebel and Bahr el Ghazal basins
encompass large wetland areas fed by Bahr el Jebel river and tributaries of Bahr el
Ghazal river, respectively. Together they contribute nearly half of the White Nile
inflow.

Hydrological and ecological processes that take place in this area are of the most
complicated and least understood in the Nile Basin; therefore, the root cause of the
encountered losses remains unknown. Literature show large variation in the estimation
of areas of these wetlands from thousands to tens of thousands square kilometers,
which in turn leads to variation in the calculated evaporation losses and miscalculation
of prospective savings through channelization projects. Moreover, ground truth
measurements in Nile Basin wetland areas do not exist due to their inaccessibility in
addition to political sensitivities.

The overall goal of this research is to improve the Sudd and Bahr el Ghazal basins
water budget calculations, using readily accessible satellite datasets. The primary
objective of this study is to suggest and assess a new technique that enables the year
around monitoring of wetlands at short intervals. On the technological development
side, the aim is to design and implement an automated workflow that combines datasets
for Multispectral Satellite Imagery (MSI) and Satellite Radar Altimetry (SRA). Such
automated workflow should enable continuous monitoring of wetlands with minimal
dependence on ground measurements and be generic in order to be replicated in any
river basin.

In pursuing the primary objective of this research, a combined technique is
introduced and implemented, to monitor changes in the extent of wetlands, net
evaporation losses and storage variations using satellite measurements. The proposed
technique conjugates datasets of MSI and SRA through an automated workflow. Six
Python scripts constitute the automated workflow; where five are developed and one
existing script is modified. These codes are developed to assemble, process, crop the
boundaries of the study area, apply masks of quality, fill gaps, and synchronize a large
number of MSI tiles and tracks of SRA. Wetland extent map time series are produced
based on a thorough calibration process of MODIS satellite images at an 8-day time
increment. Subsequently, the corresponding evaporation losses time series is generated
using historical evaporation rates and the generated wetland area time series. Four
different satellite radar altimetry datasets are used to extract water level variations in a
continuously varying extent of wetlands and derive characteristic water levels. The
datasets include standard Sensor Geophysical Data Records (SGDR) from Jasonl,
Jason2, and ENVISAT missions; in addition to experimental PISTACH products. With
the wetland area estimates, characteristic levels are used to formulate an Area-Level-
Volume relationship that allows for continuous monitoring of storage variations.

The time series of wetland area is produced for the period from 2002 to 2016 for
both study areas. The Sudd average permanent wetlands area amounts to 1200 km? in
addition to seasonal swamps area of about 5000 km?. The average annual evaporation
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