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Development of an Open Access Water and
Environment Data Repository in Ghana

Kodwo Beedu Keelson'*

Abstract

Access to water and environment data in Ghana either in hardcopy or digital formats is very frustrating and time consuming
due to the fact that water resources and environmental management related information and datasets are scattered in various
files and documents at different ministries, departments and agencies in Accra. It is now common practice for many students,
researchers, local and international consultants to use the lack of data as a convenient excuse when conducting desk studies
in this sector. The Ghana Hydro-Database Project has therefore been conceived to overcome this limitation. The initial
developmental phase involved the use of open source software applications for database management functions and the
processing of raw data. A web interface for the dissemination of information and datasets from the repository to the general
public has recently been launched. This paper presents a description of the technical approach used to develop this repository
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and discusses its potential applications for the water and environment sector in the country.
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Introduction

Access to water and environment data in Ghana either in hard-
copy or digital formats is very frustrating and time consuming
due to the fact that water resources and environmental manage-
ment related information and datasets are scattered in various
files and documents at different ministries, departments and
agencies in Accra. There has been very little effort over the

years to harmonize data from the various government insti-
tutions and make it readily accessible to the general public.
There is also the issue of poor storage of records that has led
to the destruction of historical records dating back to the pre-
independence period [1]. It is now common practice for many
students, researchers, local and international consultants to use
the lack of data as a convenient excuse when conducting desk
studies for projects in the water resources sector.

The Ghana Hydro-Database has therefore been conceived
to overcome this limitation. This privately funded project is
being executed in three phases. The first phase involved the
development of electronic data archives and a digital library
for water and environmental modelling [2]. The second phase
sought to test the applicability of two prototype data catalogues
developed in the earlier phase by conducting a number of
case study applications [3, 4]. The final phase will attempt
to develop internet-based water and environment information
systems for all metropolitan areas, municipalities and districts
in the country

It is envisioned that this open access electronic data repos-
itory when fully operational will provide the general public
with up-to-date information on the state of the water and envi-
ronmental sector. It would also be of immense benefit to water
modellers by providing readily accessible and usable baseline
datasets which will assist in the characterization of natural
and engineered water systems. Most significantly, it will fa-
cilitate the training of the next generation of highly skilled
hydrologists, civil engineers, water resources planners and en-
vironmental scientists who would be able to take advantage
of the technological advancements in remote sensing, aerial
photography and Geographic Information Systems (GIS). This
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paper presents a description of the technical approach used to
develop the electronic data repository and discusses its poten-
tial applications for the water and environmental sector in the
country.

1. Materials and Methods

1.1 Database System

The HEC Data Storage System (HEC-DSS) developed by the
U.S. Army Corps of Engineers Hydrologic Engineering Cen-
tre is the database system that is being used for the Ghana
Hydro-Database Project. HEC-DSS is designed to efficiently
store and retrieve scientific data that is typically sequential
[5]. HEC-DSS incorporates a modified hashing algorithm
and hierarchical design for database accesses that is designed
specifically for the storage and retrieval of large sets of data.
This includes computed or observed daily flow values, hourly
precipitation amounts, rating tables, and radar rainfall mea-
surements. HEC-DSS is not optimized for dealing with small
data sets or single data values, nor is it effective at conditional
data searches common to relational database systems.

Data in HEC-DSS is stored in blocks, or records, and each
record is identified by a unique name called a “pathname”. A
pathname consists of six parts that describe the data, including
its region, location, parameter, beginning time and version.
This convention makes the data set self-documenting. HEC-
DSS can be installed on a variety of operating systems includ-
ing Microsoft Windows, Apple Macintosh and Unix platforms.
A wide range of industry standard water modelling software
packages can be interfaced with HEC-DSS. Additionally, an
assortment of utility programs have been developed to load
and import data from a range of formats; export data; graph,
tabulate and edit data; mathematically manipulate data; and
perform various database utility and maintenance functions.

1.2 Graphical User Interface Program

HEC-DSSVue is a graphical user interface for the HEC Data
Storage System. This Java-based visual utilities program al-
lows users to plot, tabulate, edit and manipulate data in HEC-
DSS database files [S]. HEC-DSSVue will display data in an
HEC-DSS file in a tabular or graphical form. The graphics
are highly customizable and can be saved in various formats,
including jpeg and png, as well as printed or copied to the
system clipboard. Data may also be edited in a table or a graph
or in Microsoft Excel. HEC-DSSVue also has several utility
functions for entering data, renaming record pathnames, copy-
ing data to other HEC-DSS files, as well as a variety of other
functions. Routine sequences of steps can be programmed in
HEC-DSSVue with the Jython scripting language, and exe-
cuted from user-defined buttons or from batch processes. HEC-
DSSVue provides a sorted, filtered list of pathnames for the
user to select data sets of their choice. Pathnames from the
file are displayed as either an alphabetized list of individual
pathnames, a list of pathnames broken into their six parts, or a
pathname part list where time-series data start and end dates
are shown. Pathnames can be filtered in the list by selecting

parts from pull-down boxes, giving the user the capability of
quickly selecting the category of data he or she is interested
in. The HEC-DSSVue software can be obtained from the HEC
web site http://www.hec.usace.army.mil. Fig. 1, Fig. 2 and Fig.
3 show the display of data in pathnames, graphical form and
tabular form respectively using the HEC-DSSVue program [5].

sample. dss - HocDssVue (=1
File Edit View Display Utiliies Help
= |4 ‘*il |54 = wuscs
Flle Name: |C\Program Files\HecHEC-DSSVueisample dss
Pathnames Showre 17 Pathnames Selected 6 Pathnames in File: 32 Filo Sizec 90 HB
Search A v, C: ~ E v
By Pants: g v D: e F: »
MNumber PartA PartB PartC Part Drranq"e PatE PartF
BOREEN RIVER |JOAKVILLE  STAGE-QUT  OiMayi 992 - AMay1992 THOUR 085 ~
9/GREEN FIVER |OAKVLLE [STORAGE  DiMay1992 - 21May1992 [THOUR (085
10 GREEN RIVER WiaLNUT FLOWRES O, 22Apr1 992 - ZIMay1992  1HOUR 1085
11 GREEN RIVER WAL NUT FPRECP-NC 22Ape1 992 - 12May 1992 THOUR  |OBS
12 GREEN RIVER WALNUT STORAGE 22Ape 902 - HMay1902  HHOUR 0BS
13 MY BASIN DEER CREEK | STAGE-FLOWY USGS (W
[aee BASINRIVERSIDEFLOWD Mar 1 950 - 31May 1 S30AHOURIOESS ~|
IH\" BASINRIVERSIDEFRECIP.INC/O Mar 1 930 - 31 May1 99001 HOUROBS/ o
Clear Selectons
No time window sel.

Figure 1. Display of pathnames
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Figure 2. Display of data in graphical form

£ /MY BASIN/RIVERSIDE/FLOW/01APR199... [= |[B]EX]

File Edit View
RIVERSIDE | RIVERSIDE
Ordinate Date f Time FLOW PRECIP-INC
oBS oBS
Units | CFS| INCHES | A
Type| | INST-VAL|  PER-CUM
1 |01 Apr1990 01:00] 10580 0.01
2 |01 Apr1990 02:00 10660 0.00
3 |01 Apr1990 03:00] 10580] 0.00
4 |01 Apr1990 04:00] 10580 0.00
5 |01 Apr1990 05:00| 10500 0.00
6 |01 Apr1990 06:00] 10425 0.00
7 |01 Apr1990 07:00] 10425 0.01
8 |01 Apr1990 08:00 10350 0.00
G 101 Agc19an nannl 103500 oon >~

Figure 3. Display of data in tabular form

1.3 Archival Classification System

The archival classification system for the repository is based
on three types of electronic data catalogues. These include
the Urban Drainage Modelling Project (UDMP), River Basin
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Modelling Project (RBMP) and Water and Environmental San-
itation Project (WESP) catalogues. UDMP catalogues are
intended for relevant data on urban drainage systems in all
the major cities in Ghana. RBMP catalogues are intended for
relevant data on all surface water bodies in Ghana. WESP cata-
logues are intended for aggregated and disaggregated drinking
water, environmental sanitation and hygiene statistics on all
regions in Ghana.

1.4 Data Quality Assurance

In order to ensure that the data sets that would be compiled
into the respective UDMP, RBMP and WESP catalogues are of
a high quality, a range of quality assurance measures have been
instituted. These procedures which are reviewed periodically
relate to the sources of data, data processing methods and the
types of GIS and water modelling software tools used in data
processing tasks. Hydro-meteorological time series and base
GIS map layers are obtained from credible sources such as
local and international academic institutions, government de-
partments and agencies, professional bodies and international
development agencies. Value added data processing methods
for hydrologic time series and GIS map layers are based on
guidelines outlined in publications authored by internationally
recognized institutions and researchers in the field of envi-
ronmental hydrology and hydraulics [6, 7, 8]. All computer
tools used for time series analysis and GIS processing are the
latest versions of open source software packages developed by
reputable organizations.

1.5 Data Storage and Dissemination

Data is currently being stored on CD-ROMs, USB 2.0/3.0 flash
disks and external hard disks. Data dissemination will be done
using both online and offline methods [8, 9, 10]. Data would
be provided to interested subscribers based on e-mail or mobile
phone text requests.

2. Results

2.1 Electronic Data Catalogues

A total of 30 prototype electronic data catalogues have been
developed since January 2011. Five UDMPs have been de-
veloped for the Accra, Kumasi, Tema, Sekondi-Takoradi and
Tamale metropolitan areas. Fifteen RBMPs have been de-
veloped for the Aka-Belikpa, Ankobra, Ayensu, Bia, Densu,
Kakum, Ochi Amissa, Ochi Nakwa, Pra, Tano, Tordzie, Oti,
Black Volta, White Volta and Lower Volta river basins. Ten
WESPs have also been developed for each of the regions in
Ghana. Fig. 4 and Fig. 5 show screenshots of the display of
data files in the Accra UDMP and Densu RBMP respectively
[2].

M oot UDMP 2012.dss - HEC-DSSVue
File Edit View Display Groups Data Entry Toolks Advanced Help
= |4 B i &ll
File Mome: | C/UsersuDeskopMEW LAPTOP SHELVES/Ghana Hydro Databaselaccra UDMP 2012.dss
Pathnames Shown: 106 Pathnames Selected 0 Pathnames n Fle: 306 File Size: 24804 MB

Accrs UDMP 2012.d88 X

SEHYDROLOGE T
S7|HYDROLOGIC T_| Lt O T
SAHYDROLOGK Tkl METEOROL

1542 78

Select De-Select Chtar Selections

Set Time Windew

M Mo tirne window set

Figure 4. Display of data files in Accra UDMP
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Figure 5. Display of data files in Densu RBMP

2.2 Web Interface

An open access web interface for the Ghana Hydro-Database
repository was launched in the first quarter of this year. This in-
ternet portal http://www.ghanahydrodata.com pro-
vides open access to the general public. It covers water and
environment themes such as: climate; dams and reservoirs;
irrigation schemes; river basins; sanitation systems; urban
drainage and flooding; water supply systems; water pollution
and wetlands. These datasets are available in different elec-
tronic data formats such as time series, thematic maps, fact
sheets and GIS vector layers. The web portal currently con-
tains 32 Time Series, 79 Thematic Maps, 167 Fact Sheets and
99 GIS vector layers. Fig. 6 and Fig. 7 show screenshots of
the download pages for time series and GIS data respectively.


http://www.ghanahydrodata.com
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Time Series

The dimate of Ghana is warm and humid. The major dimatic zones are the tropical interior, wet
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Figure 6. Download page for time series

GIS Data

Ghana is well endowed with surfacewater resources.
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Figure 7. Download page for GIS data

3. Discussion

The Ghana Hydro-Database is possibly the first of its kind in
the Anglophone West African sub region. Similar internet-
based water and environment data repositories which have
been developed in Europe, South East Asia, Oceania and North
America have proved useful in those jurisdictions. The Ghana
Hydro-Database when fully operational could have numerous
potential applications in the water and environment sector in
the country. Three options are discussed in this section.

3.1 Dissemination of Environment Information

The Ghana Hydro-Database website is a one-stop platform
for the general public to obtain regularly updated information
on contemporary local and international environmental issues,
such as climate change and illegal small scale mining, and their
consequential adverse impacts such as drought, urban flooding
and surface water pollution. This information is provided in
printer friendly Fact Sheets and Thematic Maps which can
easily be downloaded. A review of technical reports on the
state of the environment in Ghana prepared by local and inter-
national organizations shows that these compilations typically
provide information under various thematic categorizations.
The Ghana Environmental Protection Agency [11] covers nine
themes namely: land; freshwater; forestry; coastal and marine
environment; biodiversity; energy and human settlements. A
country environmental profile report prepared by the Euronet
Consortium [12] covered eight themes including: land; water;

air; climate; geology, seismicity and mineral resources; forest,
vegetation, ecosystems and biodiversity; human settlements;
urbanization, infrastructure and industry; energy production
and waste management.

A content analysis comparison of these aforementioned
reports with the UDMP, RBMP and WESP data catalogues
shows that the Ghana Hydro-Database repository also covers a
broad spectrum of environmental themes. However the repos-
itory currently does not have any or adequate information or
downloadable datasets on air quality, toxicological effects of
pesticide use, land degradation, marine pollution, deforestation
and nature conservation.

3.2 Environmental Information Systems
Environmental Information Systems (EIS) provide a frame-
work by which environmental information can be combined,
structured, managed and made available to planners and deci-
sion makers [13, 14]. The term “EIS” broadly encompasses all
types of information systems that are related to various envi-
ronmental themes such as air, soil, water and waste. Typical
examples include the German Environmental Information Web
Portal and the French Water information system WIS-F [15].

There are a number of environmental information systems
in Africa such as the Africa Environment Outlook — Environ-
ment Information System (AEO-EIS). The GEO Africa Data
Portal (http://gridnairobi.unep.org/Portal/) is the web interface
of the AEO-EIS [16]. It covers thematic areas such as: freshwa-
ter; land; socio-economic; forests and woodlands; atmosphere;
energy; coastal and marine; health and environment; human
settlements; biodiversity and wetlands. The web portal can
generate output in the form of graphs, maps and tables and
one can also download data in varied formats. However, a
major limitation to these international data repositories is that
the national environmental agencies in most African countries
which are supposed to be the primary source of data for these
repositories do not have adequate financial resources and lo-
gistics to collect data periodically. Data collection activities in
most cases have to be financed by international donor agencies
such as the European Union and the World Bank.

The successful development of the prototype Ghana Hydro-
Database electronic data catalogues and the open access web
interface provides the opportunity for the replication of similar
systems at the metropolitan, municipal and district assem-
bly (MMDA) level in Ghana. Figure 8 presents a conceptual
framework for the design and implementation of the proposed
MMDA-EIS. This framework has a modular structure and is
therefore easily extensible.

An MMDA-EIS would represent a bottom up approach
to the development of environmental information systems at
the national level in African countries. This would allow for
wider cross-sector collaboration and the spreading of costs
among key stakeholders at the local government level. The
national environmental agencies would then coordinate these
data collection activities as well as collate and interpret results.
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Figure 8. Framework for MMDA-EIS

3.3 Electronic Data for Water Modelling
Hydroinformatics is a growing discipline which aims to har-
ness the benefits of all forms of information and communica-
tion technology in water resources engineering and manage-
ment [17]. Increasing internet connectivity in Ghana means
that many non-proprietary desktop software applications can
now be easily downloaded unto personal computers at very
minimal costs. However, the unavailability of high quality data
sets in the requisite electronic formats has severely limited the
potential for Ghanaian researchers, practitioners and educators
to fully exploit the capabilities of contemporary information
system tools.

The Ghana Hydro-Database archives contain daily and
monthly hydro-meteorological time series as well as GIS vec-
tor and raster layers. These electronic datasets should enable
users, such as applied sciences students or consulting engi-
neers, perform a wide range of water modelling tasks including
flood forecasting, bridge and culvert hydraulics, landfill water
balance analysis, water quality analysis and river basin plan-
ning using various industry standard software applications that
are freely available on the internet. Table 1 presents a list of
some of the recommended open source modelling software and
their typical applications [18, 19, 20, 21]. However, it is imper-
ative to note that it may still be necessary to collect additional
field data in order to calibrate these simulation models.

Table 1. Open source software tools
Simulate and predict the performance of various configurations of primary, secondary and tertiary wastewater treatment processes.

Perform 1-D steady and unsteady flow simulations for natural streams and engineered drainage channels.

Simulate rainfall-runoff processes for urban and rural watersheds.

Simulate the hydraulic performance of various types of wastewater,storm water and combined collection systems.
Simulate hydropower reservoir operations.

Predict water quality response to natural phenomenon and man-made pollution in streams, rivers and lakes.

Simulate alternative water development and management strategies.
MapWindow GIS  Visualization and analysis of vector and raster data including terrain analysis, watershed delineation, georeferencing, data import and export.

Modelling Tasks

EPA SWMM

STOAT
HEC-ResSim

Software Tool
WEAP

WASP
HEC-HMS

HEC-RAS
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4. Conclusion

This paper has presented a description of the technical ap-
proach used to develop the Ghana Hydro-Database electronic
data repository and discussed its potential applications for the
water and environment sector in the country. By the successful
completion of the 5 UDMP, 15 RBMP and 10 WESP pro-
totype catalogues, a standardized procedure for developing
low-budget electronic data archives through the exclusive use
of open source software applications has been pioneered. Most
significantly, the data formats that can be downloaded from
the web interface will facilitate the use of several industry stan-
dard water modelling and GIS software packages by Ghanaian
researchers, practitioners, educators and students.

Further work which will commence in the first quarter
of Year 2015 will involve the development of two prototype
Environmental Information Systems i.e. Accra Metropolitan
Area Environmental Information System (AMA-EIS) and the
Densu River Basin Information System (Densu-RBIS).
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