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TERMINOLOGY

Development Intervention A specific infrastructure implementation for regulating the water resources
of a basin (e.g. dams, canals, irrigation systems, etc).

Management Intervention A specific plan for the allocation and/or operation of the water resources of
a basin aimed at prioritizing hydropower production, minimizing
environmental impacts, etc.

Ecological Water Requirement The flow patterns needed to maintain an aquatic ecosystem in a particular
condition or future desired state.

Indicator A socio-economic, environmental or hydrological characteristic that can be
quantified across different model scenarios, for the purpose of choosing
between alternative development and/or management scenarios.

Model Validation A process whereby a model’s “fitness for purpose‟is assessed through a
set of validation tests performed with a calibrated model.

Scenario A contemplated state of a basin induced either through targeted human
intervention (e.g. combinations of development and management
interventions) or through externalities (e.g. climate change, economic
policies etc.).

Quality Control Data processing and analysis procedures to ensure that data comply with
specified acceptance criteria.

Quality Assurance Processes which involve ensuring that data sets and models are properly
documented and auditable.

Decision Support System A tool which supports decision making and the integrated management of
a river basin based on the integration of the results of various analyses
and the evaluation of scenarios and their implications.

Multi Criteria Decision Analysis A structured approach towards solving decisions and planning problems
involving multiple criteria.

Cost Benefit Analysis A systematic process for calculating and comparing benefits and costs of a
project to determine if it is a sound investment and/or to evaluate how it
compares with alternate projects.

Integrated Water Resource

Management A participatory planning and implementation process, based on sound
science, that brings stakeholders together to determine how to meet long-
term needs for water while maintaining essential ecological services and
economic benefits.

Ecoregion A large area encompassing one or more freshwater systems that contains
a distinct assemblage of natural freshwater communities, based mainly on
the distribution of fish species (Abell et al. 2008). The freshwater species,
dynamics, and environmental conditions within a given ecoregion are more
similar to each other than to those of surrounding ecoregions and together
form a conservation unit.
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LIST OF ACRONYMS

BCR Benefit Cost Ratio

CBA Cost Benefit Analysis

CORDEX COordinated Regional climate Downscaling EXperiment

CSAG Climate Systems Analysis Group (Univ. Cape Town, South Africa)

DEM Digital Elevation Model

DRIFT Downstream Response to Imposed Flow Transformation

ELOHA Ecological Limits of Hydrologic Alteration

EWR Environmental Water Requirement

FSL Full Supply Level

GCM General Circulation Model

GDP Gross Domestic Product

GIS Geographic Information System

IMS Information Management System

IRR Internal Rate of Return

IWRM Integrated Water Resource Management

MAP Mean Annual Precipitation

MCDA Multi Criteria Decision Analysis

MUSLE Modified Universal Soil Loss Equation

NPV Net Present Value

PES Present Ecological State

QA Quality Assurance

QC Quality Control

RCM Regional Climate Model

SAM Social Accounting Matrix

SOMD Self-Organizing Map based Downscaling

SAP Strategic Action Plan

WMO World Meteorological Organisation

WP Work Package

WRPM Water Resource Planning and Management

XML Extensible Markup Language
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1. INTRODUCTION

1.1 BACKGROUND AND SCOPE OF WORK

A Data Quality Assurance (QA) System and Quality Control (QC) procedures were developed as part of
the preceding WP 2/1 Stage 1 consultancy. The QA system was integrated within the NB DSS so that the
source, lineage (processing steps) and quality of the data and models that form part of the DSS are
properly documented, allowing for future improvement of data and model components with questionable
quality. The QA System will also assist future users to evaluate outputs of the DSS with a full
understanding of the quality of the data and models that constitute the DSS.

The QA system and QC procedures that have been developed by the preceding consultancy include
procedures for stream flow gap filling, evaluation of water balance model (MIKE Basin) performance and
metadata templates to document these.  As part of this consultancy, the QA system and QC procedures
were extended to include quality control procedures for rainfall gap filling and extension, calibration of
rainfall-runoff and hydrodynamic models, processing and handling of spatial data sets, and metadata
associated with these.

1.2 PURPOSE OF THIS REPORT

The purpose of this report is to build on the technical notes and QA guidelines developed in the WP2/1
Stage 1 consultancy (these guidelines are integrated into this report) by providing meta-data standards
and QC procedures associated with rainfall gap-filling and extension, and processing and handling of
spatial data sets.  It should be read in conjunction with the "Model Calibration and Validation Guideline"
and "Guideline for the Evaluation of Water Management Interventions " companion volumes.

1.3 REPORT STRUCTURE

Chapter 2: Quality Assurance and Metadata. The metadata templates developed by WP2/1 Stage 1
are expanded to meet the data requirements of WP2/1 Stage 2.

Chapter 3: Data Quality Control. Data quality control procedures for infilling and extension of stream
flow and rainfall data, and for quality control of spatial data sets are introduced and
discussed.

Chapter 4: References.
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2. QUALITY ASSURANCE SYSTEM AND METADATA

2.1 INTRODUCTION

The objective of the QA system is to document the source, lineage (processing steps) and quality of the
data and models that form part of the DSS.  Documentation is done in the Metadata Manager of the DSS.
Except where otherwise indicated in footnotes, the following statements and definitions have been
adopted (with minor additions) from the WP2/1 Stage Technical Note on Quality Assurance System and
Metadata (O’Donnell, 2011):

Purpose of the Quality Assurance System

The data sets and models developed in this project will be used in WP2 Stage 2 and later work, so:

the principal aim of the quality assurance system is to ensure that: (1) the data and models are
properly documented in a simple but robust fashion; (2) this documentation is appropriate for, and
directly useful in, later work; and (3) as far as practical, this documentation is of in a form likely to
be compatible with any standards adopted in later work.

Definition of Metadata

In the context of this work:

Metadata is stored in the NB DSS database and lists the source, properties and limitations
of data or models.

The scope of the metadata is defined by the list of metadata field headings in the universal template
metadata file for a data set or model.  The same structure of metadata file will be used to cover all types
of data and models, ensuring transparency. The scope may be extended in the future, but will not be
reduced.

Definition of “Verified Model”

In the context of this work:

A verified model is a model for which a complete relevant set of metadata exists within the
quality assurance system.

Definition of “Quality Assured Data”, “Data Set” and "Data Point"

In the context of this work:

quality assured data are data contained in in the DSS for which complete relevant
metadata exists within the quality assurance system.

The label “quality assured” attached to data indicates that the data have been handled appropriately and
documented to the required standard.  The label does not mean that the data are of high quality or of the
highest quality available or possible.  Improving the quality of the data is an ongoing process that will
continue throughout the working life of the DSS system, and the quality assurance system and metadata
will be of assistance in this process.
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For the purposes of this work:

A data set is any feature (spatial) or temporal (time series) data that is stored in the DSS
database;

A data point is any individual record in a data set.  Quality assurance codes can be
associated with data points.

2.2 DATA SET METADATA TEMPLATES

The WP 2/1 Stage 1 consultancy proposed a universal metadata template that can be used to document
the source, properties and limitations of any data set or model.  The template has been extended as part
of the current WP 2/1 Stage 2 consultancy to provide additional information regarding custodianship and
status of spatial data sets.

Note regarding metadata for spatial datasets:

The NBI provides spatial datasets with metadata in the form of ArcGIS xml files.  The data is generally
well documented, and adoption of the ESRI metadata standard for use in the NB DSS would ensure that
most, if not all of this information, can be transferred to the NB DSS.  The decision is however not as
straightforward as it may seem at first glance. The metadata standard supported by ArcGIS version 9.3
and earlier versions is the Federal Geographic Data Committee’s (FGDC) Content Standard for Digital
Geospatial Metadata (CSDGM), extended with non-standard fields to suit ArcGIS specific requirements.
With the release of ArcGIS 10, ESRI has implemented ISO 19115, a metadata content standard for
describing data, and ISO 19119, a metadata content standard for describing services as the default
schemas for metadata. The implication of this change is that ArcGIS users will have to decide whether to
maintain their legacy metadata in FGDC format, or to migrate to the new ISO standards.  Depending on
the size of users' data holdings, this may require considerable effort.  To complicate matters further, the
ISO standards are currently undergoing revisions.  In view of these developments, it is suggested that, for
the time being, only the most common and useful metadata elements that appear in both the ESRI
("extended" FDGC) and ISO standards are included in the NB DSS metadata schemas.

The universal metadata schema is shown in Figure 2-1 and element descriptions are provided in Table 2-
1. The schema XSD file is provided in Annexure A.
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Table 2-1 : Expanded Universal Metadata Template

Field Heading Data to be recorded against the field heading

Data set title Short descriptive name for the data set.

Data set ID Unique identifier for the data set.

Metadata date stamp Date this metadata file was last updated.

Data set topic category Keywords describing the data set and its data. Any number of keywords can be recorded, but it
is compulsory that one keyword is selected from the following list: observations, simulations or
other sources.

Abstract describing the data Brief narrative summary of the contents of the set.

Source data Data set ID for all quality assured sets used in deriving/constructing this  data set.

Information on the source data used, including references to external documentation (where
available).

Lineage Information on history of derivation/construction of data set, including:
(1) references to external documentation on processing and sources (where available);
(2) Data set IDs for quality assured data sets that are superseded by this set.

Limitations of data set Known and suspected deficiencies relating to the data set.

Metadata point of contact Contact details (email address) for the person currently responsible for this metadata file.

Custodian Name of organisation that is responsible for updating the data set

Custodian point of contact Contact details (URL or email address) of the organisation responsible for maintenance and/or
updating of the data set

Data set status Current status of the data set.  One keyword is selected from the following list: under
development, regular update or final

Date of Ground Conditions Date of ground conditions represented by the data (eg. year of satellite data acquisition for a land
cover data set)

Reference Scale Applicable to digitised vector data.  Scale of source data.

Data set resolution Applicable to raster data sets.  Grid cell size in data set units

Geographic Coordinate
System and Projection

Standard name for geographic coordinate system (Datum) and projection (if used)

Attribute list List of attributes with description of meaning and units (if applicable).  For raster data sets, the
raster pixel VALUE must be described.
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Figure 2-1: Universal Metadata Schema
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2.3 DATA POINT METADATA

The observed (measured) time series in the NB DSS were obtained from many different sources,
including country hydromet agencies, global data sets, feasibility studies and masterplans.  Some of
these sources have quality coded individual data points according to organisation specific code sets.  It is
an enormous task to harmonise the coding system across data types (rainfall, stream flow, water quality)
and source.  For compilation of the Nile Basin Encyclopedia and Ethiopian Masterplan data, the NBI has
adopted an approach where the original code and description received with the data is retained in a
growing quality code list, presumably with a new unique identifier to avoid duplicates.  This approach will
be followed with new data sets (examples include the FAO and GHCN rainfall data sets) obtained during
the course of the consultancy.

For modelling purposes, it is important to know whether individual values in processed model input time
series are missing, infilled, extended, or of questionable quality ("outliers"). For processed rainfall data,
the following codes are proposed:

Table 2-2 : Metadata Quality Codes for Processed Rainfall Data

Description Code for Metadata entry in NB
DSS

Patched (infilled) values 10100

Extended values (i.e. outside the
date range of observations

10300

Figure 2-1: Example of ASCII import file with point values (A) and point codes (B)

Note 2-1: For the purposes of WP 2/1 Stage 2, point metadata were included in the patched
rainfall ASCII files that were used as import sources of to the DSS.  In its current version, the
NB DSS provides for manual flagging of point values with colour codes. It would require
scripting to read the quality codes in the ASCII input files, translate these to the colour coding
scheme in the DSS, and applying these to the point values.  The process would however be
non-transparent and will require careful maintenance of scripts and code translation tables to
ensure that quality codes from new data sources can be catered for.
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3. DATA QUALITY CONTROL
3.1 INTRODUCTION

The need for Quality Control (QC) procedures is described in WP 2/1 Stage 1 Technical Note TN_0002
thus:

The screening of hydrological data is performed to ensure that the data are subjected to
Quality Control (QC) procedures; QC is a pre-requisite for any hydrological analysis or
modeling activity. Data screening can be used to identify several types of error, including
accidental errors, for example a misreading by an observer; and systematic errors, e.g.
caused by an inappropriately located rain gauge. An additional important aspect of QC
checking is learning about the data sets. Failure of a test does not automatically imply that
the datainvolved are erroneous, but rather highlights the need to perform further
investigations. In particular, physical explanations for a data anomaly should be investigated
before the data can be rejected.

The WP 2/1 Stage 1 QC procedures focussed on the screening and infilling of incomplete flow records
and extension of short flow records to cover the simulation period adopted for the Baseline and Pilot Case
Models (1951-90; O’Connell et al., 2011).  This has been expanded to include procedures for screening,
infilling and extension of rainfall records, as well as procedures for quality control of vector spatial data
sets, with specific reference to drainage networks. Raster data quality control procedures mainly relate to
the creation of rasters from raw imagery, geo-referencing of imagery and/or creation of rasters from
vector data, all of which require relatively specialised GIS tools which are not incorporated in the NB DSS.
As this guideline focuses on procedures that are of direct relevance to the application of the NB DSS, not
much attention is given to this aspect of spatial data quality control.

3.2 HYDROLOGICAL DATA SCREENING (FROM WP2/1 TN0002)

Four informal data screening methods (involving the use of checks or tests) are detailed below that rely
primarily on the visual detection of anomalies/inconsistencies in hydrological data series (comprehensive
details may be found in Basson et al., 1994; Hoaglin et al., 1986, and Gordon et al., 2004).

3.2.1 Visual inspection

Visual inspection of time series plots of hydrological data series is a simple check that should be
performed as the initial step in data screening. The check is useful in identifying gross errors, for
example, typing errors when translating data contained in manuscripts to digital format, identifying where
the data have been assigned incorrect units and where there are long periods of missing records.

3.2.2 Unit runoff checks

The unit runoff check involves dividing the (monthly) runoff by the catchment area in order to determine
the runoff as a depth.  This is compared for consistency with values obtained from nearby hydrologically
similar catchments. In regions with a scarcity of gauges, it may be necessary to compare upstream and
downstream gauges. This check is particularly useful in identifying abrupt changes in river flows resulting
from river basin management activities.

A simple example of a unit runoff check test is provided in Figure 3-1 for the Abbay/Blue Nile, using an
upstream station at El Deim and a downstream station at Khartoum and Soba.  Although the peak unit
flows show similar inter annual variations, the unit runoff is significantly greater at the upstream site, El
Deim. In this case, the differences in unit runoff depths can be explained by a sharp gradient in
precipitation across the catchment, and the data are accepted at this stage of data screening. (It should
be noted that, in this demonstration case, the data are not strictly from hydrologically similar catchments.
Identifying hydrological similar catchments is often difficult at the larger catchment scale.)
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Figure 3-1 : Unit runoff check for the El Deim and Khartoum/Soba stations, 1951-90

3.2.3 Double mass checks

A double mass check involves plotting the cumulative data of one station against the cumulative data of
another nearby station. If the data records are consistent, a straight line is obtained. Data from stream
flow gauges can be compared with data for other flow gauges in the same general area, and, similarly,
data for  rainfall gauges can be compared (stream flow should generally not be compared to rainfall data
as the relationship is usually nonlinear).  Where an inconsistency is observed, such as a break in the
slope of the line, an investigation into the cause should be performed. For data sets obtained from
external agencies, a full investigation of the causes may not be possible. However, for stream flow data,
basic investigation may be feasible, for example, establishing whether there has been a significant
change in water resources development/management activities (e.g. dam construction).

In Figure 3-2, a double mass plot is provided for the Abbay/Blue Nile at El Deim and Khartoum. A change
in the slope of the line is observed, which requires further investigation. In this case, the change in slope
can be attributed to the construction of Roseires dam in 1961-66, and the data are accepted (The
cumulative sum of the flows for the period 1951-66 is approximately 800 km3 at Khartoum, which is where
the break in slope occurs). Note that this change was not evident in the unit runoff check, showing the
benefit of performing a suite of checks.
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flow gauges can be compared with data for other flow gauges in the same general area, and, similarly,
data for  rainfall gauges can be compared (stream flow should generally not be compared to rainfall data
as the relationship is usually nonlinear).  Where an inconsistency is observed, such as a break in the
slope of the line, an investigation into the cause should be performed. For data sets obtained from
external agencies, a full investigation of the causes may not be possible. However, for stream flow data,
basic investigation may be feasible, for example, establishing whether there has been a significant
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In Figure 3-2, a double mass plot is provided for the Abbay/Blue Nile at El Deim and Khartoum. A change
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cumulative sum of the flows for the period 1951-66 is approximately 800 km3 at Khartoum, which is where
the break in slope occurs). Note that this change was not evident in the unit runoff check, showing the
benefit of performing a suite of checks.
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Figure 3-2 : Double mass check for the Abbay/Blue Nile at El Deim and Khartoum/Soba for the
period 1951-90 (line of unit slope:  black dashed line).

3.2.4 Mass balance checks

A mass balance check involves a comparison of upstream and downstream flow data series. Typically,
flow would be expected to increase in a downstream direction, but the relationship may be more complex
in arid regions. This test can be used to identify lack of consistency, for example caused by a change in a
rating curve, and also be used to identify where significant abstractions or losses to evaporation occur.

A mass balance check is provided for El Deim and Khartoum in Figure 3-3. To aid clarity, the data are
presented for the period 1956-75. Prior to the completion of the Roseires Dam in 1966, the flows at
Khartoum are typically equal to or greater than those recorded upstream at El Deim. This pattern is
generally reversed after the dam construction. The similarity in the peak magnitudes prior to 1966 also
shows the extent of natural channel losses between El Deim and Khartoum.

Figure 3-3 : Mass balance check for El Deim and Khartoum/Soba, 1956-75

Construction of
Roseires
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3.3 HYDROLOGICAL DATA TESTS USING ROBUST STATISTICS (FROM WP2/1 TN0002)

This section provides details of statistical tests that can identify outliers and trends in hydrological data
series. If outliers or trends are detected in the data, physical explanations should then be explored.

3.3.1 Outliers

An outlier is a measurement that is anomalously larger or smaller relative to the main body of the data.
Outliers may result from an actual data processing error, for example, a transcription error or
measurement problem, or may be a true extreme value.

A widely used test for the detection of outliers is the Quartile or Fourth Spread test (Basson et al, 1994).
The test is firstly introduced and then an example is provided.

Firstly, this test requires calculating the inter quartile range dF of the data series

= −
where FU is the 75th percentile of the data and FL is the 25th percentile. This provides a good indicator of
the spread of the centre region of the data. The upper and lower cutoff boundaries are calculated,
respectively, as:

= + 1.5 and = − 1.5
Values lying outside the interval (CL , CU) are defined are outliers, and require further investigation. (This
test is sensitive to highly seasonal flows, due to their asymmetric distribution.)

In Figure 3-4, the cutoff bounds are provided for the flow series for the White Nile at Mogren. Several
outliers are identified during the period 1964-65, which require further investigation.

Figure 3-4 : Outliers for the White Nile at Mogren, 1955-84, cutoffs indicated by red bars

The calculation procedure for the bounds shown in Figure 3-4 is presented graphically in Figure 4-5.
Firstly, the flows are ranked in ascending order and assigned a percentile. The interquartile range is
calculated as the difference between the flow value for the 75th percentile (FU; 97 M m3/day) and the 25th
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percentile (FL; 63 M m3/day) to give the inter quartile range, dF (97-63 M m3/day; 34 M m3/day). The
cutoffs are derived as:

CL = 63 – 1.5 x 34 = 12 M m3/day

CU = 97 + 1.5 x 34 = 148 M m3/day

During investigation of the outliers identified in Figure 3-4, the upstream and downstream flow records
were examined. There was a physical explanation for the high values (relating to a change in the regime
of Lake Victoria) and the outliers were accepted as plausible values.

Figure 3-5 : Calculation of cutoff bounds

3.3.2 Trends

Trends in data series may be caused by inconsistencies, for example a change in the channel
configuration at a gauging site, or from changes in the phenomena itself, such as the result of climatic
variations.

A numerically simple test for a trend is Armsen’s test. Due to the inherent seasonality in monthly data
series, it is usually appropriate to perform this test on annual data series.  The following description of this
test is taken from Basson et al, (1994).

Suppose there are n years of annual flow data xi=1,2,…,n. in a time series which is to be tested for an
increasing trend. For each j=1,2,…n, count the number Lj of values of xi to the left of xj (i<j) which are
greater than xj. Define =
For the testing of a decreasing trend, L is replaced by L* where

L* = n(n-1)/2-L

Table 3-1 contains significance levels L0 for small samples (n≤30). If L (or L*) < L0, then the series can be
said to have a trend significant at the chosen level for a one tailed test.

For larger samples: = (| − | − 1/2)/

1.5
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which can be tested as a variate with a standard normal distribution, where= ( − 1)/4= ( − 1)(2 + 5)/72
Table 3-1 : Significant points in Armsen’s trend test (Basson et al., 1994, p90)

For the White Nile at Mogren (n =30), L is 220 and L* 215. (The annual flow series used in this test is
shown in Figure 3-6.) From Table 1, for n=30, the 5% significance level L0 is 170. Given that both L and L*
> 170, there is no evidence at the 5% significance level to exclude the stationary of the data.

Visual inspection of annual series is also useful for detecting short term trends, for example the rise in the
flows in the mid-1960s (Figure 3-6).
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Figure 3-6 : Annual flows for the White Nile at Mogren

3.4 STREAM FLOW DATA INFILLING AND EXTENSION

3.4.1 Overview

Flow data sets typically have deficiencies in the form of missing data and short record lengths. Infilling of
missing sections and extending data records is necessary prior to the use of hydrological time series in
water resources modeling. A summary of the more commonly used methods for data infilling and
extension is provided below. (The list of methods is not comprehensive.) References where further
details can be found are provided.

In the terminology used below, a ‘target’ site is the site to be infilled, using information from a ‘donor’ site.

Scaling factors: In this very simple method, the flows at the donor site are multiplied by a scaling factor,
for example, the ratio of donor and target catchment areas. The donor catchment should be in close
proximity and have a similar hydrological regime to the target catchment (Kottegoda and Elgy, 1977).

Hydrological Modelling: This method, which is typically used when there is a short flow record and
longer meteorological records for the catchment, involves developing and calibrating a catchment rainfall-
runoff model against an observed flow series and then using it to generate a longer flow record using the
meteorological inputs.  Model complexity can range from simple black-box models to process-based
models (Gyau-Boakye and  Schultz, 1994).

Linear Regression methods: The most widely used methods for infilling are based on regression. In its
simplest form, a linear regression equation is derived relating the target station flows (the dependent
variable) to the donor station flows (the independent variable). This relationship is then used to infill the
missing target flows, and to extend the target station flows if the donor station has a longer record.  An
extension of this approach is stepwise multiple linear regression, in which flow records from nearby
catchments are included or excluded, based on the total variance they explain (Basson et al., 1994).
These methods can also be used to infill/extend rainfall series. However, a difficulty arises with this
method when the donor stations themselves have missing values; this is overcome using the Pseudo-EM
algorithm (Pegram,1997).

Pseudo-EM algorithm: This algorithm accomplishes infilling using multiple linear regression in
combination with the pseudo-EM (PEM) algorithm. Starting with a reasonable initial guess at the missing
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data (e.g. the mean) the M-step of the algorithm performs the Maximum likelihood estimation of the
regression parameters. The algorithm then switches to the E-step and estimates the missing data at each
site in turn. These steps are repeated until reasonable convergence is achieved. This method has been
widely used to infill rainfall records (Pegram, 1997), and is the basis of the PATCHS streamflow infilling
software package utilized extensively in the Vaal River Study (Basson et al., 1994).

Loss of variance for regression methods: Reservoir capacity needed to maintain a target yield
(outflow) is known to be a function of the coefficient of variation of the inflows Cv = , where μ is the

mean and σ is the standard deviation (McMahon and Mein, 1978). Loss of variance in the inflows would
therefore lead to an over-estimation of yield, and should be avoided, if possible.  In view of this example,
it is appropriate to highlight a shortcoming of regression methods, given their widespread use. The intent
of infilling is to produce a time series that has statistical characteristics similar to those of the actual
record at that station (Hirsh, 1982). The aim of linear regression is to produce a best estimate, in terms of
the minimum mean squared error, of each missing flow value. However, the variance of the infilled values
is biased downward because the regression estimates lie on the regression line and the actual data are
scattered about the regression line and hence are more variable (Hirsh et al., 1993). The magnitude of
the bias (loss of variability) depends on the explained variance of the regression R2; if this is high (~0.90),
then the loss of variance in the infilled values will be relatively small (~10%), as the explained variance
decreases, then the loss of variance increases. The overall loss of variance in the target flow record will
not only depend on R2, but on the proportion of the record that is infilled/extended.

One approach to replacing the lost variance is to add a random error to the regression estimates, but the
random term modifies the serial correlation structure of the record (Hirsh, 1982). Moreover, many different
realizations of the error term are possible, and so any single realization is not unique. The sensitivity of
water resources modeling results to the uncertainty resulting from the loss of variance could be explored
by sampling multiple realizations of the error term for each infilled value.

Hirsh (1982) pioneered a class of record extension called “maintenance of variance extension” (MOVE).
Rather than minimizing the mean squared error, the MOVE method aims to reproduce the mean and
variance of the observed series. Vogel and Stedinger (1985)  derived  unbiased minimum variance
estimates of the mean and variance of the infilled record, and then used these results to formulate a
regression that delivers unique infilled values that have the required mean and variance (the Maintenance
of Variance procedure MOVE.4). However, these MOVE results relate only to simple linear regression
which limits their practical usefulness.

Generalized Linear Models (GLM). GLM was formulated by Nelder and Wedderburn (1972), and is a
flexible generalization of ordinary linear regression that allows for response variables that have other than
a normal distribution. The GLM generalizes linear regression by allowing the linear model to be related to
the response variable via a link function and by allowing the magnitude of the variance of each
measurement to be a function of its predicted value.

3.4.2 Methods used to infill Nile records

Based on the above review and software availability, two infilling methods have been selected for testing
here (i) the NB-DSS Gap Fill tool and (ii) the PATCHS method. Due to its ability to infill from multiple
rainfall and streamflow records, PATCHS has been used to infill flow records in the WP2/2 Stage 1 Study.

NB DSS GAP Fill Tool

Within the NBI-DSS, there is a Gap Fill tool for infilling and extending flow records. This uses a simple
linear regression approach. A regression equation is derived between the flow data for the concurrent
period of record at a target station and those at a (single) donor station. This regression relationship is



15

NBI: Data compilation and Pilot Application of the Nile Basin Decision Support System (NB-DSS): Work Package 2: Stage 2

Data Processing, Quality Assurance and Metadata December 2012

then used to calculate the missing target flows. Several difficulties arise when using simple linear
regression:

 If data are missing at the donor station, infilling cannot be performed.

 There is usually a strong temporal dependence structure (serial correlation) due to catchment
storage, which is not accounted for.

 Flows often exhibit seasonality, which cannot be captured by a single regression relationship.
(The tool does not provide for seasonal or monthly regressions.)

PATCHS

Stream flow records invariably exhibit cross correlation with records for other stations in a catchment, and
also possibly with records for stations in neighboring catchments, due to regional climatic factors. They
also exhibit serial correlation, due mainly to the effects of storage or travel times from upstream to
downstream stations. The PATCHS program (developed by Professor G.G.S. Pegram) exploits available
cross and serial correlations between and within stream flow and rainfall records at low order lags.
Desirable properties of this method include:

 The ability to infill data even when there are simultaneous gaps in the target and donor stations.

 The ability to utilise information from several flow gauges.

 The ability to utilise information from rainfall records; which is useful when the donor
catchments are not highly correlated or a suitable donor flow site is not available.

 The use of serial correlation to preserve the structure and seasonality of the data.

Model parameters are estimated using the EM algorithm, which involves recursively substituting the data
that is missing and then re-estimating the parameters to maximize the model likelihood. (A detailed
description of PATCHS is provided in a user manual: Pegram, 1993.) The selection of PATCHS for
infilling was based on the performance of trial runs of infilling flow records and a limited comparison
against the Gap Fill tool, examples of which are provided below.

3.4.3 Comparison of NB-DSS Gap Fill Tool and PATCHS

A simple test of the relative performance of the Gap Fill tool and the PATCHS infilling techniques is
demonstrated. An observed period of record at a target station was flagged as missing and then infilled
using a donor station. The chosen target station was Dongola and the donor station Tamaniat. These
stations on the lower Nile have a concurrent record over the period 1962-97 and a correlation of 0.9. The
period 1970-75, which includes a very wet and a very dry year, was flagged as missing.

The infilled and observed series are provided for the two techniques in Figure 3-7, where the upper panel
shows that the performance of the Gap Fill tool is inferior to PATCHS. Firstly, residuals are negative on
the rising limb of the hydrograph, indicating over-prediction, and then positive on the falling limb,
indicating under-prediction. This error is in part due to a lag between the two stations.  Tamaniat is
located several hundred kilometres upstream of Dongola and hence there is a routing delay which is not
accounted for by the lag zero regression relationship used in the Gap Fill tool. The performance of
PATCHS, which can account for low order lags, is superior although there is some under-prediction of
peak flows, Figure 3-7, lower panel.
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Figure 3-7 : Comparison of NBI-DSS Gap Fill tool (top panel) and PATCHS (bottom panel) for
Dongola (units: M m3/day)

Utilization of Rainfall Data in PATCHS

This section provides a case in which PATCHS is used to extend a flow series using both a donor flow
record and several rainfall records. Monthly flows for the Bahr el Jebel at Mongalla are required for the
Baseline and Sudd Pilot Case models for the period 1951-90. However, no flow data are available at this
location after 1983. The only upstream data available for extending the record over this period is the flow
record for the Victoria Nile. Although this has a reasonable relationship with Mongalla (correlation
coefficient 0.7), there are significant differences in the  timing and seasonality of flows due to the
presence of Lake Kyogo and Lake Albert and the seasonal inflows from the Torrents between locations
(see Figure 3-8, compare black and red lines). Due to the presence of the Sudd, flows recorded at the
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station immediately downstream, Malakal, cannot be reliably used in the infilling process (correlation
coefficient: 0.36).

The Mongalla record was extended using both the upstream flows from the Victoria Nile and rainfall from
several rain gauges, to represent the inputs from the ungauged Torrents. To test the quality of the record
extension procedure, a 5 year period of observed data at Mongalla was flagged as missing (1965-69) and
infilled. The magnitude and seasonality of the Mongalla record are well reproduced by PATCHS (Figure
3-8: compare black and blue lines).

Figure 3-8 : Test of infilling of flows for Bahr el Jebel at Mongalla

3.4.4 Assessment of uncertainty due to infilling

In order to make an assessment of the uncertainty resulting from infilling, a Model Conditional Processor
(MCP) has been employed to demonstrate how the uncertainty can be quantified. Details of the MCP
approach, which is usually employed to quantify the uncertainty in model predictions, can be found in
Coccia and Todini (2010).  In the MCP approach, a model is trained to reproduce an historical sequence
of flows. During infilling, predictions and information about the uncertainty of the predictions are made,
which are based on the behavior of the model during the historical period. The uncertainty of predictions
takes the form of a probability distribution, the width of which relates to the expected range in which the
true value may lie. Since the MCP approach generates its own predictions, in this case the infilled values,
the opportunity has been taken to make a comparison with the infilled estimates provided by PATCHS.

The chosen test site for the uncertainty assessment and comparison is the Kagera at Kyaka Ferry, Figure
3-9. For the MCP model, the red line is the best estimate of the missing values (expected value) and the
grey lines provide the 5% and 95% predictive uncertainty bounds (i.e. it would be expected that 10% of
values may be outside this range). In general, the PATCHS inflilled flows are within the uncertainty
bands of MPU except the mentioned discrepancy.

In principle, PATCHS could generate its own uncertainty bounds, as residuals could be calculated for the
linear regression model/EM estimation algorithm on which it is based.
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Figure 3-9 : Comparison of infilled series using the MPU approach and PATCHS

Black - observed flows; green – PATCHS; red MPU. The MPU predictive bounds are provided in
grey. The upper and lower grey bounds represent the (95% and 5%) confidence interval

3.4.5 Recommendations on best practice/further work

Based on the above assessment of flow data QC and infilling methods, the following recommendations
can be made:

(a) the use of a set of data QC checks and tests to identify data inconsistencies and anomalies is
recommended, rather than the use of individual checks/tests in isolation;

(b) the set of tests demonstrated in this technical note through applications to Nile data sets represents a
robust set, most of which have previously been proven in the Vaal Rover study (Basson et al, 1994). They
can be utilized for future QC assessments of Nile data, provided the data analyzed comply with the
underlying assumptions;

(c) the comparison of the NBI DSS Gap Fill Tool with a more sophisticated data infilling method,
PATCHS, suggest that there is potential to improve on the results from the Gap Fill Tool. As the PATCHS
program can be obtained free of charge from the South Africa Department of Water Affairs ( the PATCHS
program used in the work reported here was provided courtesy of its developer, Prof. G. G. S Pegram), it
is recommended that PATCHS should be acquired and used as a DSS utility program;

(d) If infilling exceeds a threshold of 15% of the total data set, then an uncertainty assessment should be
performed. Although uncertainty assessment lies outside the ToR for this study, a demonstration of the
Model Conditional Processor (MCP) method has been provided here courtesy of its developer, Prof E
Todini, and his colleague, Dr G Coccia. It is recommended that sensitivity analyses of model outputs to
this uncertainty should be carried out in the future. The PATCHS program has the potential to provide the
statistics of residuals from which an uncertainty assessment could be made, making this a self-contained
infilling and uncertainty assessment package.
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3.4.6 Guidelines for Stream Flow Infilling Using the PATCHS Software

A detailed description of PATCHS is provided in a user manual for the software (Pegram, 1993).  Extracts
from this manual are provided in Annexure B.  The purpose of this section is to provide a brief guide to
selection of PATCHS parameters that will assist in achieving credible infilled stream flow sequences.

Number of stream flow (s) and rainfall stations (r)

A maximum of 3 stream flow and 8 rainfall records can be used to cross-infill the stream flow records.

As many stream flow and rainfall sequences that are thought to be associated, should be included.
Rainfall data must have been screened and patched using techniques such as CLASSR and PATCHR
described in Section 3.2.3.

Number of stream flow (p) and rainfall lags (q)

The infilling process is achieved by conducting a series of exploratory 'trials' and inspection of the
outcomes of these.  Parameter p can take values of 1 or 2, and q 0 or 1.  It is recommended to build up
from small to large lags, i.e. for the first trial, p and q should be set to 1 and 0, respectively.

Smoothed or recorded data (ir)

Parameter ir indicates a choice between the calculation of smoothed data, deleted residuals and MCV
(mean cross-validation criterion) (ir = 1), and stream flow data as recorded (ir = 0).   The parameter
should initially be set to 1 to assist with selection of the best model from the set of trials.  Deleted
residuals assist with the identification of outliers.  Once a model has been selected, ir can be set to 0 to
produce final results.

Maximum number of iterations (maxit)

With ir equal to 1, reasonably coherent data (i.e. stations are well-associated) should allow the algorithm
to converge within 20 to 30 iterations, therefore maxit should initially be set to about 40.

Lognormal transform (ilog)

A lognormal transformation is usually not helpful in stream flow patching, but this option (ilog=1) is
provided for flexibility in approach.

Shifting and scaling (itr)

Three options are provided:

 itr = 1:  no shifting or scaling

 itr = 2:  no shifting, but scaling month-by-month by standard deviations

 itr = 3:  a month-by-month standardisation using means and standard deviations.

A setting of 1 (no shifting or scaling) is recommended as an initial choice.  This is based on the
assumptions that process parameters are constant and the process is linear.
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3.5 RAINFALL DATA INFILLING AND EXTENSION

3.5.1 Preliminary Screening

Preliminary screening of rainfall station records is a subjective exercise and decisions whether to retain or
discard a particular record are based on:

 A visual inspection of a cumulative mass plot (i.e. a cumulative record of annual totals) to gauge
whether a change in slope in the cumulative mass plot is due to external influences on the
rainfall record (such as relocation of the rain gauge or screening by a tree growing nearby), or
due to missing data (which is acceptable at this stage).  Figures 3-10 and 3-11 show examples of
rainfall records with acceptable and unacceptable non-stationarities, respectively.

 Period of record.  Depending on the target (modelling) period of record, amount of missing
data, and availability of statistically similar records that can be used to infill a given rainfall
record, a decision can be made to retain or discard the record.  This decision is usually only
taken during the classification process (see following sections).

Figure 3-10 : Example of a stationary record
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Figure 3-11 : Example of a non-stationary record

3.5.2 Methods Available to Infill Nile Records

It is frequently the case in the field of engineering hydrology that rainfall records of interest have missing
data and may also contain “outliers”. The NB DSS gap-filling tool (described in Section 3.4.2) can be used
to infill stream flow or rainfall records, and uses multiple linear regression for gap-filling among a group of
stations.  The CLASSR and PATCHR (Pegram 1997) software packages provide an alternative which can
conjunctively be used for infilling and extension of rainfall records, and are "sister" applications of the
PATCHS application (Section 3.4.2) used by WP 2/1 Stage 1 for infilling of stream flow records. Section
3.5.3 provides guidelines for application of CLASSR/PATCHR, followed by a comparison of
CLASSR/PATCHR and the DSS gap-filling tool.

3.5.3 Classification, Infilling and Extension with CLASSR and PATCHR

CLASSR classifies rainfall records that are statistically similar according to covariance bi-plots, assists
with the grouping of records for mutual infilling. PATCHR uses multiple linear regressions in combination
with an EM (Expectation-Maximization) algorithm to fill gaps in a group of stations in one operation using
an iterative calculation.

Broadly speaking, the steps that are required to patch rainfall records are to:

 assemble related gauges in a group for maximum information transfer

 group similar months into seasons

Guideline 3-1: Horizontal mass plot segments usually indicate periods of missing data, while
breakpoints between sloping segments indicate systematic measurement errors that have
been introduced.  This should be verified by visual inspection of data values.
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 detect outliers

 assess patching success

The following sections provide an outline of the process, and recommendations are made that will guide
decisions regarding (a) classification or grouping of records for mutual infilling, and (b) acceptability of
patching results, i.e. measures of patching success.

Rainfall Station Grouping

CLASSR is used to group statistically similar records for mutual gap filling. It attempts to answer the
following questions (Pegram, 1997):

 Which gauges are hydrologically similar in the sense that there is a strong correlation between
them?

 By the same token, which gauges do not belong to the subset?

 If the data sets are short (in the sense that there will not be enough concurrent data to make a
good month-by-month patch) which months can be grouped into seasons and the information
pooled?

 Are there any gross outliers which are clearly in error and will have a polluting affect on the
patching? Should they be flagged?

 Are the records very patchy, i.e. do the data need a rough preliminary patch to help with the
classification?

A maximum of 8 rain-gauge records can be classified together. Rainfall stations that are geographically
similar (they are located in the same area and have similar rainfall characteristics, such as mean annual
precipitation - MAP and station elevation) are initially chosen and placed together in groups. Preference
should be given to stations that have a reasonably long period of record common to all the gauges in the
group.  Within a group, the number of intact (no missing data) years should be at least 2.5 times the
number of stations in the group, i.e. if there are four stations in a group, the group members should all
have at least 10 corresponding years of complete data.

The software convention dictates that missing or doubtful monthly values should be flagged by putting a
‘+’ sign immediately after the value.

CLASSR then uses a measure of “distance” to identify gauges of a similar “nature”. Output from CLASSR
includes two bi-plot diagrams. Bi-plot axes show G-vectors (a measure of variation in values of candidate
stations) and H-vectors (a measure of variation in values for months).  For a full description of the biplot
and its properties, see Gordon, 1981.) The first bi-plot (Figure 3-12) is used to group stations for
patching. If a station lies far away from all other points in the bi-plot, it may well end up in a group by
itself. For the first pass of CLASSR, it is advisable to include more gauges in the analysis than needed. It
may be necessary to conduct a second pass to confirm the grouping and reduce the number in the group
to a reasonable size - between three and five is usual. An indication as to the number of gauges that can
be treated in a group for submission to PATCHR can be obtained by inspection of the number of intact
years reported by CLASSR.
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Figure 3-12 : Stations versus months biplot for stations A to F (Pegram 1997)

Seasonal Grouping of Months

Once the hydrologically similar stations are grouped together and the number of intact years is equal or
greater than the recommended 2.5 times the number of stations, the second bi-plot (Figure 3-13) is used
to group months with similar rainfall characteristics together. If certain months are grouped in the bi-plot
they are included in a season. Seasonal grouping of months are used in the PATCHR process.

Guideline 3-3: Experience indicates that 2 to 4 seasons deliver best results.  As far as
possible, groupings of months should make "hydrological sense".  If it is known that a region
experiences two rainy seasons with different characteristics such as season length and
monthly amounts, then those should be grouped into separate classification seasons.  A
sensible grouping often serves to improve overall patching success.

Guideline 3-2 : The minimum number of intact years that should be accepted is 2.5 times the
number of stations in a group.  If there are 4 stations in a group, then there should be a
minimum of 10 intact years amongst the records in the group.  A factor of 4 times the number
of stations is considered to be "good"
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Figure 3-13 : Stations versus months biplot for the months (Pegram 1997)

Preliminary Outlier Screening and Rough Patching

CLASSR provide preliminary identification of outliers, and can be used to flag obvious outliers for later
patching with PATCHR.

CLASSR can also be used to perform "rough patching" of missing values.  The purpose is solely to
strengthen regression equations for station grouping purposes.  Rough patched values are discarded
before the more rigorous patching process employed by PATCHR starts.

Outlier Identification, Infilling and Extension

Once the grouping of stations has been finalised, it is submitted to PATCHR to identify outliers. The
PATCHR output lists all potential outliers and the user must decide which outliers are indeed valid
(usually only a few from those listed). The doubtful values are then flagged (a + sign), and PATCHR is
rerun.

Guideline 3-4: Look for obvious, rather than ambiguous outliers in CLASSR.  These could be
order of magnitude differences between stations, such as those  introduced by capturing
erroneous extra zeroes
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The program produces patched rainfall files as well as an output file which presents the user with a
measure of patching success.

Assessing patching success

CLASSR and PATCHR provide the user with measures of the goodness-of-fit of the regression equations
and diagnostics to measure overall success of the patching process. Information such the R2 value (in the
CLASSR output) measures the accuracy of the multiple linear regression equations, while the iteration
number and convergence criteria (listed in the Beta matrix of the PATCHR output) measure the overall
success of the patch.

3.5.4 Comparison of NB-DSS Gap Fill Tool and CLASSR/PATCHR

While the general approach and outputs of the DSS gap-filling tool and the CLASSR / PATCHR suite are
similar (both tool sets provide for mutual infilling of missing values among a group of stations based on
the strength of cross-correlations between pairs of stations), the functionality and degree of user control
over the process are quite different.  A comparison of functionality is provided in Table 3-2:

Guideline 3-6:

 Beta Matrix values of larger than 1.0 indicate that the relevant station-pair(s) are
poorly correlated, and that one should consider discarding one of the stations in the
pair.

 An acceptable number of iterations to converge is 25, and 15 or less is considered to
be good.

Guideline 3-5: It is unusual to flag more than 3 to 5 "genuine" outliers out of the long list of
potential outliers identified by PATCHR.  There are several considerations that should be
taken into account when flagging outliers:

 Is the station located in an area where frontal systems predominate?  This indicates
that stations that are located close to each other are likely to receive rainfall of
similar order of magnitude in a given month.  Conversely, it is quite possible that a
station in a region that receives most of its rain in the form of thunder showers may
"miss" a few localised events and show zero or little monthly rainfall while adjacent
stations record large falls.

 Will the rainfall of this particular station have a large influence on modelled runoff
used for scheme yield estimates?  If so, a conservative approach should be adopted,
with special attention given to unusually high values.
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Table 3-2: Functional Comparison of DSS Gap-filler and CLASSR/PATCHR

Function DSS Gap-filler CLASSR/PATCHR Comment

Identification and
classification of
stations for
mutual infilling

This must be done
manually on the basis of
user judgment

CLASSR provides a
structured approach to
identify related stations on
the basis of coviariance bi-
plots

A structured, automated process
is essential when working with a
large number of stations

Identification and
exclusion of
statistical outliers

User intervention by setting
a minimum cross-
correlation for cross-
referencing. (An outlier
flagging tool is available in
the DSS, but this is more
suited to quality control of
water level and/or
discharge measurements)

Statistical assessment and
identification of outlier values
based on distributions of
monthly values and cross-
correlations between stations

CLASSR / PATCHR identifies
individual values as potential
outliers, which can then be
manually included or excluded
from the process.  Use of the
cross-correlation threshold in the
DSS tool will reduce the risk of
including outliers, but do not allow
for statistical assessment of
individual values.

Cross-referencing
(mutual infilling)

Based on assigning  inter-
station priorities for cross-
referencing. Priorities
remain the same for the
entire period of record

Based on seasonal or
monthly cross-correlations
between stations

CLASSR/PATCHR provides for
maximum information transfer
between stations by utilising sets
of seasonal cross-correlations
rather than a single matrix for all
months of the year

Time step The gapfill tool is generic
for all time series types and
it’s time step is set by the
user.

CLASSR and PATCHR are
specific to monthly rainfall
(PATCHS is used for
monthly stream flows)

Infilling of rainfall data on a sub-
monthly / daily time step must be
approached with extreme caution.
It is very rare to find statistically
significant cross-correlations
between stations on a daily basis
across a period of record that is
suitable for long term water
resource assessments

User experience The tool is easy to use,
with a minimal set of user
decisions / inputs. Uses
DSS native time series
format

Requires manual formatting
of input files, which requires
meticulous checks to ensure
correct formatting.  Software
runs on outdated (MS-DOS)
operating system

CLASSR/PATCHR provides a
powerful and scientifically
rigorous approach to rainfall
infilling and extension, which is a
vital building block in most water
resource assessments.  The
outdated software environment
that it operates on is a
considerable drawback, and the
software will have to be ported to
a DotNet platform if it is to be
used in the long term as part of
the DSS tool set.

The NBI has discussed the possible integration of CLASSR/PATCHR (and PATCHS) with the author, Dr
Geoff Pegram, and it is envisaged that the three tools will in future be integrated with the DSS.
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It is difficult to make a direct comparison of the performance of the two alternatives, due to the very
different input parameters that are encapsulated in the two tools.  These cannot be directly replicated in
both tools. (One example is the inclusion and exclusion of outliers in PATCHR, which cannot be
replicated in the DSS gap-filler, and another is the pre-screening of stations for mutual infilling with
CLASSR.)  Subject to this understanding, a comparison was done by infilling four stations in the Blue Nile
catchment that were pre-identified as a patching group with CLASSR.  The stations are Gondar, Bahar
Dar, Gorgora and Maksegnit.  The DSS tool was run with a relatively low cross-correlation threshold of
0.2, to ensure successful infilling of all four stations over the full common period of record (1965-1993
calendar years). The bounds for infilling wëre set as "Curb to value" (where infilled values do not exceed
values already present in the observed sequence), rather than "Leave gap" (where no infilling is done if a
regression value exceeds observed values).  The entire process of outlier identification and seasonal
grouping of months was followed to perform a parallel infilling of the records with PATCHR.  Differences
in the outputs of the two processes are illustrated in Figure 3-14.

Figure 3-14: Gap-filling Comparison - DSS Tool and PATCHR

It can be seen that the DSS tool either assigned zero values to the missing months in 1984 and 1985, or
cross-correlations for even the strongest correlated station-pair in these months were lower than 0.2
(more likely).  PATCHR was able to infill these months, due to its ability to utilise sets of seasonal cross-
correlations.
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3.6 SPATIAL DATA QC PROCEDURES

3.6.1 Projections and Datums

Datums

Spatial data represent the location of features on the three dimensional earth surface.  3-D
representations of the earth's surface are encapsulated in geographic coordinate systems (ellipsoids
and/or datums).  It is common practice to store and distribute spatial data sets in un-projected geographic
coordinate systems. Units of these data sets are usually decimal degrees.  With a few exceptions, the
spatial data sets that have been collected or derived for use in the NB DSS applications are based on the
WGS84 datum.  Working with any other datum will require datum transformations, which will introduce
inaccuracies, and is not recommended.

Projections

All spatial data are associated with a specific reference scale.  Global data sets usually have small scales
(i.e. depicting large areas on a small paper space), while local data sets (such as detailed topographical
surveys for scheme design) are done at large scales.  Small scale two-dimensional representations (such
as the Nile Basin shown on a paper map) are affected by the curvature of the earth, and introduce
variations of scale across the 2-D representation.  The magnitude and type of distortions that are
introduced depend on the projection that is used to represent a 3-dimensional surface in 2-D space.
Selection of projections for data processing are therefore influenced by the location and size of the area
that one is working with, and requires an appreciation of the accuracy that is required for outputs.

In order to process spatial data sets to derive catchment parameters for modelling and scenario
evaluation (examples include catchment areas, river slopes, summaries of land cover, population
estimates and more), a meter based projection must be used.  The projection should produce reasonably
consistent area and length calculations across the study area.  For this purpose, it is recommended that
the UTM (Universal Transverse Mercator) Zone 36N projection be used for spatial data processing on a
basin-wide scale. The Transverse Mercator projection delivers high accuracy in zones less than a few
degrees in east-west extent. Maximum linear error for this projection is about 1 : 2 500, implying that a
distance error of +- 4m can be incurred in every 10km measurement.

Parameters of the UTM Zone 36N projection are as follows:

Projection: Transverse_Mercator

False_Easting: 500 000

False_Northing: 0

Central_Meridian: 33.0

Scale_Factor: 0.999600

Latitude_Of_Origin: 0.000000

Linear Unit: Meter (1.000000)

It is often useful to overlay spatial data sets on Google EarthTM (GE) imagery for visual inspection of
areas that may be affected by a scheme development.  GE uses a proprietary projection - the so-called
"Auxillary Web Mercator" projection.  Before overlaying data on GE imagery, the data should therefore be
re-projected to the GE projection which has the following parameters:
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Datum: WGS_1984_Web_Mercator_Auxiliary_Sphere

Projection: Mercator_Auxiliary_Sphere

False_Easting 0.0

False_Northing 0.0

Central_Meridian 0.0

Linear Unit: Meter (1.000)

3.6.2 Spatial Data Quality Control Checks

Introduction

Quality control of spatial data sets is a specialised field covering many different applications such as
digitising of vector data from paper maps, field surveys of ground data, remote sensing applications,
development and processing of digital elevation models and so forth.  For the purposes of this project, a
generic set of spatial data quality control checks that can be used to ensure the integrity of data is
provided, and is then practically illustrated by application to quality control of a drainage network :- a
primary data set for any hydrological study.

Generic Quality Control Checks

QC of spatial data should typically address the following aspects (NLIS, 1997):

Data must be feature related.  A feature is defined as an object that is related to a position on the earth’s
surface, and is comprised of two components - the spatial component and the descriptive component
(also called the non-spatial component).  Features can share all or part of their spatial geometry with
other features thus eliminating redundancy of data.

Unique Identifiers. .A unique identifier of a feature instance must be allocated in accordance with NB-DSS
requirements.  The value of this lies therein that it uniquely identifies each feature instance within a
feature class.  It is the attribute that will be used for linking data of associated data sets for the same
feature and as such must be standardised.

Spatial Referencing.  All data sets will be projected to a common reference system (combination of
geographic projection and datum).  Preference will be given to a meter based system which will preserve
accuracy.

Measurements and Quantities, and Time formats. All measurements and quantities must be in the
International System of Units (SI units).  Time formats must conform to NB-DSS conventions.

Data Ambiguity. Data must be unambiguous. Ambiguity of data leads to misinterpretation and loss of
integrity of the data.  A feature can occupy only one position in the real world and its digital representation
should reflect this.  Also, the feature’s topological relationship (i.e. is it to the right or left, inside or outside,
adjacent or co-incident) with respect to other features must be maintained.

Data Accuracy. The accuracy of the registration, or geo-referencing information is particularly important.
Source documents (paper maps/photographs) should have registration marks accurately placed. A
measure of how well the source document is registered is the Root Mean Square (RMS) error that is
computed by the software. There is no fixed criteria for acceptability of this error, as this would depend
on the quality and scale of the map being georeferenced and the purpose (intended use) of the
georeferencing.  RMS criteria for catchment scale features would therefore be much less restrictive than
for, say, scheme layouts.
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Planimetric accuracy. Accuracy of digitising will be ensured by adopting tolerances that are suitable for
map scales ranging from 1:10 000 to 1: 1000 000. Scanning resolutions and raster tolerances will be
chosen such that the data complies with this standard.

Digitising conventions. Vector data must be tested for logical consistency to ensure that there are no
“undershoots”, “overshoots”, repeated digitising of points or lines, that intersections are correct, that there
are no unwanted line crossings, that regions (polygons) are closed, and that digitising direction
corresponds to flow direction in hydrological applications.

Topological Structuring. The spatial component of the vector data must have topological structuring.
Topologically structured data have spatial relationships inherent in the data explicitly encoded. A
topological rule could for example be used to detect polygons that are not closed (the line start and end
points are not coincident). This permits better definition of the data, the removal of data redundancy,
reduction in data volumes and a higher degree of integrity in the data.

Spatial Meta Data. A statement of data quality for all spatial data must be given. Such a statement will
contain sufficient information so as to provide truth in labelling the data.  This statement is essential for
the user so that users can determine whether such data is fit for use in his application.  A statement of
data quality can be either generalised for the whole data set, specific for different parts of the data set or
a combination of being generalised for some aspects and specific for others, depending on the type of
data in the data set and the amount of detailed data quality information available. The data quality
statement will comply with established international standards.  Other metadata items will be added
according to the metadata fields defined in the NB-DSS.  All data processing steps (projecting, cleaning,
vectorising or rasterising) will be flagged and documented.

Quality Control With Reference to a Drainage Network

A topologically correct drainage network is an essential data layer for many hydrological applications.
The network can be used for correcting a digital elevation model with "stream burning" techniques, it can
serve as a longitudinal centre line for taking off of river cross-sections, and used as a "snapping" layer for
catchment outlets when generating modelling sub-catchments.  The following quality control checks
should be performed on the network (adapted from Hornby, 2010):

Null length polylines

Incorrect digitising, and automated cleaning methods can sometimes introduce errors such as collapsing
the geometry of a polyline into "nothing". Such features still remain in the network and possibly retain
their attributes. These features should be removed if the connectivity of the network will not be broken.

Multi-part polylines

Multi-part polygons are often created when the boundary of a lake along with the inflow and outflow have
been captured. The resulting feature is a multi-part polyline. Figure 3-15 shows a multi-part polyline
"exploded" into its individual parts, and it can be seen that the middle part (2) forms a loop. The error can
be removed by deleting one of the two sides forming the loop.

Figure 3-15 : Multi-part polylines
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Self-intersecting polylines

These are created by careless digitising, and in many instances consist of one incorrectly placed vertex
(circled in red in Figure 3-16).  The error can be removed by deleting or moving the relevant vertex.

Figure 3-16 : Self-intersecting polyline

Closed polylines

Closed polylines often appear to be short tributaries. They are created when the endpoint is snapped
back to the original starting point (i.e "folded over"), and can be identified when overlaid with the network
node layer and looking for a polyline which does not have a node at one end.

To correct this, the downstream node should be deleted so that the second vertex now becomes the
downstream node of the polyline. (Figure 3-17). The main stream polyline needs to be split at the red
downstream vertex and polylines snapped to a new node.

Figure 3-17 : Closed polylines - Incorrect (left), and fixed (right)

Disconnected polylines

River network polylines must join each other at their ends. A polyline intersecting another somewhere
along its length breaks this rule and consequently the topology of the network.
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Figure 3-18 : Disconnected polylines (Hornby, 2010)

To fix the disconnection, the polyline must be split, and the end of the intersecting polyline must be
snapped to the new node.

Double-digitised polylines

Double digitised polylines are polylines that share the same From and To nodes. These could be
genuine braids that are not errors. However, if they intersect each other, other than at their nodes, they
must be double digitised (Figure 3-19). The error can be corrected by selecting one of the polylines, and
deleting it.

Figure 3-19 : Double-digitised polylines

Intersecting polylines

To be a valid river network, polylines must connect to each other only at their nodes. A network can fulfil
this requirement (i.e. still have valid topology) yet still have polylines that intersect each other along their
length. This is illustrated in Figure 3-20.
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Figure 3-20 : Intersecting polylines

Fixing the intersection depends upon the type of intersection that is occurring. A self-intersection can
often be fixed by deleting a single vertex. Alternatively, the polyline(s) may have to be split, and the
intersection snapped to the new node.

Sources within the network

Tributary sources (starting points) should only be found on the outer ends of a river network. Poor
digitising (or automated vectorisation) can create polylines that flow towards each other. Figure 3-21
shows an example of erroneous sources (red) flowing towards mouths (magenta) within a single river
reach.

Figure 3-21 : Sources within a network

Sources in a network can be removed by flipping the direction of relevant polylines.

3.6.3 The Nile Basin Rivers Network

In discussion with the DSS core team and national specialists, it was agreed that the DSS will contain the
NBI's fine scale quality controlled river network as well as a "model-scale" river network.  The latter was
derived by correcting flow direction errors in the NBI dataset followed by weeding of vertices (i.e.
removing vertices that, within a specified tolerance,  do not significantly contribute to defining the shape of
a line) to approximately match the scale of the 90m SRTM DEM (a weeding distance of 50m was
eventually adopted). Further modifications that were made to the "model-scale" network include:
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 Flow directions were corrected by tracing the network from a point directly upstream of the Nile
Delta in Egypt to the outer boundaries of the basin and ensuring that no coinciding "FROM""or
"TO"nodes were found.

 Self-intersecting, intersecting, closed and disconnected polyline errors were corrected

 River segments upstream and downstream of lakes were connected through the lakes with
artificial segments

 The final network was Strahler-ordered (orders 1-6) to allow for selection of subsets and to aid
visual representation on maps.

Metadata were compiled for both data sets to clearly describe the differing origins and intended use of the
data sets.



35

NBI: Data compilation and Pilot Application of the Nile Basin Decision Support System (NB-DSS): Work Package 2: Stage 2

Data Processing, Quality Assurance and Metadata December 2012

4. REFERENCES
Basson, M. S., Allen, R. B., Pegram, G. G. S. and van Rooyen, J. A. (1994). Probabilistic Management of

Water Resource and Hydropower Systems, Water Resources Publications, Highland Ranch
Colorado, pp424.

Gordon N.D, McMahon, G. T. Finlayson, B. L, Gippel, C. J (2004). Stream hydrology: an introduction for
ecologists. Wiley-Blackwell.

Coccia G. and Todini E. (2010).Recent developments in predictive uncertainty assessment based on the
model conditional processor approach. Hydrol. Ear th Syst. Sci. Discuss., 7, 9219–9270, 2010

Djokic, D., 2008. Comprehensive Terrain Preprocessing Using Arc Hydro Tools. ReCALL, (5), p.61.
Available at: http://www.ncbi.nlm.nih.gov/pubmed/20627044.

Gordon, A.D., 1981. Classification. Chapman & Hall.

Gyau-Boakye P. and  Schultz G. A. (1994). Filling gaps in runoff time series in West Africa,
HydrologicalSciences –Journal 39, 621-636.

Hirsch, R.M. 1982. A comparison of four streamflow record extension techniques. Water Resources
Research, 15, 1781–1790.

Hirsch, R. M., Helsel, D. R., Cohn T.A., and Gilroy E.J. (1993) Chapter 17: Statistical Treatment of
Hydrologic Data. In Handbook of Hydrology, Ed., Maidment, D. R., McGraw-Hill.

Hoaglin, D. C., Iglewicz B. and Tukey, J.W. (1986). Performance of Some Resistant Rules for Outlier
Labeling. Journal of the American Statistical Association. Vol. 81, No. 396, pp. 991-999.

Hornby, D. D. (2010). RivEX (Version 6.9) [Software]. Available from http://www.rivex.co.uk

Kottegoda, N.T. and Elgy, J. (1977). Infilling missing flow data. In: Morel-Seytoux, H.J. (ed). Modelling
Hydrologic  Processes. Water Resources Publications.

National Land Information System (NLIS), 1997. The Standard for Data for the National Land Information
System.  The Standards Committee of the Co-ordinating Committee for the National Land
Information System, South African Department of Water Affairs.  Internal Document.

Nelder, J and Wedderburn, R (1972). Generalized Linear Models. Journal of the Royal Statistical
Society. Series A (General) (Blackwell Publishing) 135 (3): 370–384.

O’Connell, P.E., Carron, J., Parkin, G., and O’Donnell, G.M. (2011) Inception Report, Nile Basin Decision
Support System (DSS), Data Processing and Quality Assurance, Pilot Application of the Nile Basin
Decision Support System: Stage 1, NBI Water Resources Planning and Management Project,
204pp.

O’Donnell, G.M. (2011) Technical Note on Quality Assurance System and Meta Data TN0001, Nile Basin
Decision Support System (DSS), Data Processing and Quality Assurance, Pilot Application of the
Nile Basin Decision Support System: Stage 1, NBI Water Resources Planning and Management
Project.

O’Donnell, G.M. (2011) Technical Note on Data Quality Control, Infilling and Record Extension TN0002,
Nile Basin Decision Support System (DSS), Data Processing and Quality Assurance, Pilot
Application of the Nile Basin Decision Support System: Stage 1, NBI Water Resources Planning
and Management Project.

Pegram, G & Zucchini. WS 1991. Patching monthly rainfall data using CLASSR and PATCHR.
Proceedings of the Fifth SA National Hydrological Symposium, Stellenbosch, pp 7-2-1 – 7-2-10.



36

NBI: Data compilation and Pilot Application of the Nile Basin Decision Support System (NB-DSS): Work Package 2: Stage 2

Data Processing, Quality Assurance and Metadata December 2012

Pegram G. 1993. Patching Streamflow Data Using PATCHS - A Guide.  Report prepared for the South
African Department of Water Affairs and Forestry through BKS Inc.  January 1993.

Pegram, G. 1997. Patching rainfall data using regression methods. 3. Grouping, patching and outlier
detection, Journal of Hydrology, Volume 198, Issues 1–4, 1 November 1997, Pages 319-334, ISSN
0022-1694, 10.1016/S0022-1694(96)03284-2.

Vogel, R.M. and Stedinger, J. R. (1985). Minimum  Variance  Streamflow  Record  Augmentation
Procedures. Water Resources Research, 21, 715-723.



A

NBI: Data compilation and Pilot Application of the Nile Basin Decision Support System (NB-DSS): Work Package 2: Stage 2
ANNEXURES

Data Processing, Quality Assurance and Metadata December 2012

ANNEXURE A

UNIVERSAL METADATA TEMPLATE XSD FILE
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<?xml version="1.0" encoding="utf-8"?>
<xs:schema attributeFormDefault="unqualified" elementFormDefault="qualified"
xmlns:xs="http://www.w3.org/2001/XMLSchema">
<xs:element name="metadata">
<xs:complexType>
<xs:sequence>
<xs:element minOccurs="0" name="identification">
<xs:complexType>
<xs:sequence>
<xs:element default="Keywords describing the data set and its data" name="keywords">
<xs:simpleType>
<xs:list itemType="xs:string" />

</xs:simpleType>
</xs:element>
<xs:element default="Short descriptive name for the data set." name="dataset_title"

type="xs:string" />
<xs:element default="Unique identifier for the data set." name="dataset_id" nillable="true"

type="xs:string" />
<xs:element minOccurs="0" name="metadata_date" type="xs:dateTime" />
<xs:element default="Contact (email address) for person who compiled metadata"

name="metadata_contact" />
<xs:element default="Name of organisation that is responsible for updating the data set"

name="custodian" type="xs:string" />
<xs:element default="Contact details (URL or email address) of the organisation responsible for

maintenance and/or updating of the data set" name="custodian_contact" type="xs:string" />
<xs:element default="Brief narrative summary of the contents of the set." name="abstract"

type="xs:string" />
<xs:element minOccurs="0" name="description" type="xs:string" />
<xs:element minOccurs="0" default="Geographic coordinate system (Datum) and projection (if

used).  Copy .prj file in here." name="spatialreference" type="xs:string" />
<xs:element name="attributes">
<xs:complexType>
<xs:sequence>
<xs:element minOccurs="0" maxOccurs="unbounded" default="Attribute name" name="attr_name"

type="xs:string" />
<xs:element default="Attribute description.  Provide units where applicable"

name="attr_description" type="xs:string" />
</xs:sequence>

</xs:complexType>
</xs:element>

</xs:sequence>
</xs:complexType>

</xs:element>
<xs:element minOccurs="0" name="dataquality">
<xs:complexType>
<xs:sequence>
<xs:element name="status">
<xs:simpleType>
<xs:restriction base="xs:string">
<xs:enumeration value="under development" />
<xs:enumeration value="regular updates" />
<xs:enumeration value="final" />

</xs:restriction>
</xs:simpleType>

</xs:element>
<xs:element name="source_data">
<xs:simpleType>
<xs:list itemType="xs:string" />

</xs:simpleType>
</xs:element>
<xs:element name="grounddate" type="xs:gYear" />
<xs:element minOccurs="0" default="Applicable to digitised vector data.  Scale of source data."

name="reference_scale" type="xs:string" />
<xs:element default="Applicable to raster data sets.  Grid cell size in data set units"

name="resolution" type="xs:string" />
<xs:element minOccurs="0" default="Information on history of derivation/construction of data

set, including:references to external documentation where available" name="lineage" type="xs:string" />
<xs:element default="Known and suspected deficiencies relating to the data set."

name="limitations" type="xs:string" />
</xs:sequence>

</xs:complexType>
</xs:element>

</xs:sequence>
</xs:complexType>

</xs:element>
</xs:schema>
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ANNEXURE B

WORKED EXAMPLE FROM PATCHING STREAMFLOW DATA USING PATCHS
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ONE RIVER ONE PEOPLE ONE VISIONCompiled by Milly Mbuliro, GIS/Remote Sensing Specialist (Nile – SEC, Entebbe)
*Source: UN Population Division World Population Prospects 2012

Facts about the Nile Basin

What’s on? January - March 2013

Quiz

Basin Area 3,176 X 103 Km2

Location -4 0S to 310N and 24 0E to 40 0E

Main Tributaries Victoria Nile/Albert Nile, Bahr El Jabel, White Nile, Baro Pibor-Sobat, 
Blue Nile, Atbara, Bahr El Ghazal

River Length 6,695 Km (one of the world’s longest River)

Estimated Navigable Length 4,149 Km

Countries

Burundi DR Congo

Rwanda

Egypt

South Sudan

Ethiopia

The Sudan

Kenya

Tanzania Uganda Eritrea

Major Lakes within the Basin Lake Victoria, Lake Tana, Lake Kyoga, Lake Albert

Population (Total in all the Nile Countries)* 437 Million

% Population within the Nile Basin* 54% (238 Million)

Temperature Night Minimum -100c and daily Maximum in June 470c

Precipitation Max Annual 2,098 mm/yr in Ethiopia 
Min Annual 0 mm/yr in Egypt

Mean Annual �ow (Discharge) (m 3/yr) at Aswan 84 X 10 9 m3/yr

Discharge/Unit area 28 X 10 3 m3/Km 2

Main Consumptive Water use Agriculture

Date Activity Venue

Jan NCoRe Project E�ectiveness All Centers

Jan NELTAC/NELCOM Meeting Kigali

11 – 12th Feb Regional Meeting for National NBI Desk O�cers Entebbe

22nd Feb Nile Day celebrations (Regional and National) Bahr Dar, Ethiopia (for regional celebrations)

April 38th Nile-TAC Meeting Entebbe

Compiled by Tom Waako, Projects O�cer, Nile-SEC -Entebbe

Member states

What is the major determinant of population distribution in the Nile Basin?
Send your answer to: editor@nilebasin.org

Answer to the previous quiz question 
The single most important intra basin agricultural trade commodity by volume among the Nile 
Basin riparian states is maize.

Burundi DR Congo RwandaEgypt South SudanEthiopia The SudanKenya Tanzania Uganda

Disclaimer: The views expressed in this newsletter do not necessarily represent those of NBI, its Member States or Partners

Editorial Committee
Chair Dorothy Kaggwa
Editor Jane K. Baitwa
Members Tom Waako
 John Ogwang

Send us your comments and views
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 +256 414 321 329
 +256 417 705 000
Fax +256 414 320 971
Email nbisec@nilebasin.org
Website http://www.nilebasin.org
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