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Elevation Model:

Highly precise laser altimeter data from the Ice, Clouds, and Land Elevation Satellite (ICESat) mission was
used to calibrate NASA Terra Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER]
elevation data. Thisimproved reflection anomalies over the swamp and mixed vegetation area (data produci
GLAHOB) of Northern Bahr el Ghazal (NBeG). Based on these data, 5 m contour lines have been developed

(representation on map: 10 m contours with annotations).
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T‘j‘ el “ ‘\ g -‘ ; “ ; ) ! L ¢ . S - ; = e o ; g R : : Intermap Technologies® NEXTMap World 30 Digital Surface Model (DSM) was used to cover NBeG's extraor-
3 § ; i ; riRE B v, : =81 ¢ dinary flat lowland and highland area with precise relief data for watershed delineation. The product merges
30 m ASTER global DEM v2.0, Shuttle Radar Topography Mission (SRTM) v2.1, and Light Detection and Rang-
ing (LIDAR) data from ICESat resulting in a 25 cm root-mean-square-error (RMSE) dataset for vertical control
of the D5M. Based on these data, aspect and slope data have been developed and represented as hillshade

on the map.

Drainage Model:

The drainage model is based on a comprehensive hydroinformatics analysis of flow direction /accumulation
patternswith an incremental sink- and lowpass-filter approach used to flatten D5M irregularities and various
stream threshold levels used to cover the physiographically diverse investigation area of NBeG. The river
system has a hierarchical stream order (Strahler 1952} subdivided into seven classes with individual adapta-
tions based on cloud-free Landsat 8 imagery at the end of the rainy season (October 2014)
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Basin and Sub-watershed Model:

River basins and watersheds have been hierarchically divided into sub-watersheds according to stream

order. In the frequently flooded and extremely flat swamp area of NBeG, all watersheds have been dissolvec

into larger units due to lack of clear physical boundaries. Watersheds and headwater areas along the state

£, AT boundaries have been removed due to data boundaries. For eight river-gauging stations, the total area and

\£} . £ iogl . £van i A it LA i all ; ek number of sub-watersheds are presented on the map.
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3y Ve s i i ) BN Water Index, or NDWI, (b2-b5/b2+b5). The NDWI provides a means of viewing water bodies and is useful for
assessing flood impacts (McFeeters 1996). Additionally, the data quality flags of both bands have been add-
ed and used to mask cirrus and clouds. Because of the long dry season (from 001 to 105 day of year [DOY])

k= B, and high cloud cover during the rainy season (from 113 to 273 DOY), the flood risk analysis was based on
Bar‘Kin'*‘«g‘:‘, only six images from between 281 and 361 DOY. The images have been reclassified from absolute NDWI
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multiplied by the number of days between two images (8). The model was calibrated and adjusted based or
field data collected during the model validation mission in March 2015.

e

T i 2L P : . Land Cover Model:
h“f ri\',\M,ayom xé‘ ol o, e Rr e ohy 53 : o & o ; P o \\4 . o ; -. L e H‘ R - ; i o S . The land cover model on the map represents the vegetation cover after the rainy season (Octo-
S SR WS ] ; ; 3 = j e oo N g oy | SR ) ; Bl A i Dengg{i,‘;e\
B 3408 J L Nedigid, e St e T1atnyzy o Bl MBlea, Akol
"_‘Q\m ) \River Chel WS: z SR S AR N AR, L i : YL AN L4 : i B e S S e S 5 : 2 : Y NPT L ) : o . i & . : ; A
e S 9560.7 km?2 / 8 tali il R Rt P LN S 8t L Frehie ey " Faiy 3 A 4 \‘!\L 2t o R T L e b selpghe N et BTN S S ST N . G e i, Rn ) s, e gt S e i - A H .'i ol ST A 2015. The imagery was pre-processed, colour-balanced, and pan-sharpened with ERDAS Imagine and classi-

b 9 o . s - E } . A 4 . . z . ol v 3 A v oy TS . 5 - . st T g = . . € "

. ; f P e . 4 s > 3 A

ber/November 2014). The mosaic is composed of nine cloud-free Landsat 8 scenes as provided by Unitec

; TR ' . i ; : L o T Thoal States Geological Survey (USGS) Landsat 8 sensors. A pixel-based supervised classification was used with
ﬂ‘ﬁ““ﬁ*‘\—ﬁ-—.qf’} bt o R Lt o . o

o ul'—-.‘)‘"j}') A e . g ro¥ A = A5 ut Cia ; '.‘,"l”f ."';-J_\';}.::”M o g -
0@ o O i Nayomy—. | * “Marial=Baai ™
ARy e g T\ TRREN. S g %O Sub WS

il

training sites provided by high-resolution imagery (Google Maps / Bing Maps) and field validations in March

fied into three major categories.

Infrastructure Model:

Most infrastructure features in rural areas were extracted on screen from recent high-resolution imagery
provided by Google Maps or Bing Maps (source data: WorldView-2 or SPOT 4/5). As source data for urbar
areas, Open Street Map (OSM) data were used as a reference for a comprehensive update of linear features.

Due to visual constraints inherent in the imagery used, extraction was done manually with OpenGIS tool:
and ArcGIS 10.3.
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Rural and Urban Settlement Data Model:
The settlement model is composed of two different layers: The core layer displays hamlets and villages as 2
dot matrix showing population distributions in rural areas. Due to the lack of complete coverage with high-
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approach was used to extract data based on Arc2Earth. Recent WorldView-2 imagery from Google Maps anc

Bing Maps served as the main data source for the data extraction procedure. Urban settlements and build-

up areas were extracted using multispectral information from pan-sharpened Landsat 8 data (October 2014)
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Health, Education, Political Boundaries:

These features were included to improve map use and were kept in their original state. The degree of detail
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Map Reference:

Please note that when information contained herein is used in other mapping products, its source must be
credited or cited as follows:
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Krauer, )., Geamperli, U., Hodel, E., Curtis |, 2015. River Basins of Northern Bar El Ghazal State, South Su-
dan. WASH Project; Swiss Agency for Development and Cooperation (SDC), Centre for Development anc
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Environment (CDE), University of Bern; and the Ministry of Water, Cooperatives and Rural Development,
NBeG, South Sudan: Thematic reference map Series (map) 1:200,000. Release 2.0/June 2015.
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Further links, maps and information about SDC's
WASH programme in Northern Bahr el Ghazal State
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Project Reference:

The Swiss government is implementing a water and sanitation project in Northern Bahr el Ghazal (NBeG)
through the Swiss Agency for Development and Cooperation (SDC). Begun in 2011, the project focuses on
building capacity in the State Ministry of Water, Cooperatives and Rural Development, and on delivering
basic water and sanitation services. Capacity-building activities include a component designed to strengthen
water-resource management in the state via improved access to data and information. This map contributes
to that objective and will hopefully provide a model for other states in South Sudan. It also reflects a wider

partnership with the government of NBeG, through the Ministry of Local Government, and will hopefully be
useful for broader planning purposes.

Project Description:

The Thematic Base Map/Overview Map Series are products used for fieldwork and decision support in the
framework of the NBeG River Basin Management Project — a joint project of the Ministry of Water, Coopera-
tives and Rural Development; the Swiss Agency for Development and Cooperation (5DC) in Aweil, South
Sudan; and the Centre for Development and Environment (CDE), University of Bern.

The comprehensive geospatial database covers the entire State of Northern Bar el Ghazal and enables cross-
scale applications and decision support at the national (1:200,000) or administrative county level
(1:100,000). The map series consists of fully revised, updated, and enhanced spatial and geo-statistical in-
formation about settlements, infrastructure, watersheds, drainage, and terrain. It is intended to support
hydrological assessments and management of water resources. Long-term analysis of MODIS imagery series
has enabled highly detailed spatial data on flooded areas and the frequency of flooding.

Disclaimer

The national, state, and county boundaries shown on the map were provided by the government of North-
ern Bahr el Ghazal. Borders, boundaries, demarcations, and/or any other information contained on the maps
do not imply any judgment about the legal status of any territory or constitute any official endorsement of
acceptance thereof by the Swiss Agency for Development and Cooperation (SDC).

Data Sources

Imagery: Google Maps/Digital Globe/SPOT 4/5 as provided by https://www.google.ch/maps/ or

https: //www.bing.com/maps/ Landsat 8; Date: Nov/Dec 2014 as provided by http://earthexplorer.usgs.gov,
Raster data: InterMap NextMap Digital Surface Model (DSM) 30 m:
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https: //store.intermap.com/MapShop.aspx ; http://sdem .ersdac.jspacesystems.or.jp/
Flooding: NASA TerraMODIS NDVI; Date: 2000-2012; spatial resolution 460m (data product: MODO9A1):

http://reverb.echo.nasa.gov
Linear data: Education and Health: Basic Services Fund (BSF); Infrastructure: http://download.geofabrik.de/
Water points SDC: WIMS-Project (Water Information Management System) of the Swiss Agency for Devel-
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3D-View (direction northeast-southwest):
Multi-layerd NBeG National Geospatial Information System (elevated by a factor of 50)
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3D-View (direction east-west/centre: Aweil):
Frequency of flooding (dark to light blue) and population (high to low density of dots)




