Verification of rainfall forecasts for the Vaal Dam catchment
for the summer rainfall seasons of 1994 to 1998
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Abstract

Rainfall forecasts compiled by the South African Weather Service (SAWS) are used daily by agriculture, industry, sportsmen and
the general public. Because of the importance of the rainfall forecast, it is of considerable interest to know how reliable these
forecastsare. The SAWSeva uatestherainfall forecastsissued by the Central Forecasting Office (CFO) onadaily basis. A hit score
isdetermined in each of 19 rainfall districtsthroughout South Africa. Thisrendersaresult of approximately 60% correct forecasts
for all 19 districts. This paper investigates the accuracy of the predicted rainfall percentages or rainfall classes. The 24h rainfall
forecasts are verified for the summer months (October to March) of 1994 to 1998 for the Vaal Dam catchment. The rainfall
distribution classes were chosen to represent no-rain, isolated rain, scattered rain and widespread rain. Results indicate that the
percentage of correct forecasts isless than the values obtained by using the SAWS's hit score method. The predicted widespread
rain classislessthan 25% correct. Thetendency existsto forecast scattered rain whenever any rain event is predicted. A rain event
isseldom missed (3%), but somerain is often forecast (45%) for days, which then remain dry days. A more comprehensiverainfall

forecast evaluation system is recommended.
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Introduction

Rainfall forecasts are probably the most popular product provided
by a forecasting office (Scholz, 2002). Agriculture, industry,
sportsmen and the general public use the rainfall forecasts daily.
The six forecasting offices of the South African Weather Service
(SAWS) can receive, in total, up to 200 000 calls amonth (South
African Weather Service, Internal News Flashes, 2000). Many of
these calls inquire about the rainfall outlook for anything from a
few hoursto aweek ahead.

Edwards (2000) stated that the SAWS had adopted a policy,
many years ago, to issue worded rainfall forecasts using the terms
isolated, scattered and general rain. In aworded rainfall forecast a
glossary of words and phrases is used to describe the expected
rainfall. During the 1980s increasing demands were made on the
Directorate of Weather Forecasting by television servicesin par-
ticular, as well as by the many newspapers, to produce rainfall
forecasts graphically. The decision was taken to delineate areas
where rainfall is predicted on amap of Southern Africa. At about
thistime percentageswere assigned to thetermsisol ated, scattered
and general rain. These were isolated 20% to 30%, scattered 40%
to 70% and general 80% to 100%. The magnitude of these percent-
agesassigned to thegenerally used verbal termswasinfluenced by
the criteriaused to issueforecastsfor the aviation community. It is
common practicetoassignaprobability, expressed asapercentage,
of theoccurrenceof aweather event, i.e.rainfall,inthecompilation
of aTerminal Airdrome Forecast (TAF) (International Civil Avia-
tion Organisation, 1998). However, arainfall percentage forecast
compiled by the SAWS for a specific area does not represent the

* To whom al correspondence should be addressed.
B+2712 4202469; fax: +27 12 4203284; e-mail: |dyson@up.ac.za
Received 1 July 2002; accepted in revised form 7 March 2003.

Available on website http://www.wr c.org.za

probability of rainfall to occur, but rather the rainfall distribution
over the area.

At present, rainfall forecasts, using percentages to indicate
distribution, have becomethe normin South Africa. Scholz (2002)
stated that in a large number of the telephonic enquiries about
rainfall prediction, received in the Central Forecasting Office
(CFO), the enquirer often insists on getting the rainfall prediction
in terms of a percentage. At present no information exists on how
reliable these forecasts are. The quality of a forecast can best be
determined through statistical and other verification schemes.

A detailed discussion on verification methods used in meteor-
ology is available in Murphy and Epstein (1967), Murphy and
Winkler (1984), Murphy et a. (1985), Murphy and Winkler
(1987), Murphy (1995), Sanders (1963) and Stanski et al. (1989).

Verification isonly useful if it leads to some decision consid-
ering the product being verified. In meteorology, verification has
two goals: an administrative goal, to monitor the overall quality of
aforecast andtrack any changesinthequality, andascientificgoal,
to identify strengths and weaknesses of a forecast so as to direct
research and development (Stanski et al., 1989).

The aim of this paper is to determine the accuracy of the
forecast rainfal |l percentagessubdividedintospecificrainfall classes.
This was achieved by using the SAWS 24 h rainfall forecasts,
which are valid for the Vaal Dam catchment and for the five
summer rainfall seasons (October to March) of 1994 to 1998. The
rainfall forecastsareal so considered subjectivebecauseno exact or
reliable numerical method existsto determinerainfall distribution
and depth fromweather maps, actual or prognostic. Itisalsowidely
accepted withintheforecasting community that rainfall predictions
from general circulation models are unreliable at the spatial scale
of theSAWSrainfall districts. Thereforetheseforecastsare subjec-
tivein the sense that they depend largely on theinterpretation and
experience of theindividual forecaster (Sanders, 1963). The fore-
cast and rainfall observation dataare of acategorical natureand are
evaluated by using thecontingency tablesdesigned by Stanski etal.
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Figure 1
Rainfall stations (triangles) near and within the Vaal Dam
catchment. The boundary of the Vaal Dam catchment is indicated
by the solid line and the rivers by thin lines.
The area where rainfall stations were isolated is indicated
by the smaller rectangle.
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(1989). In this paper no attempt is made to verify the depth of rain
forecast, it isaimed at verifying the rainfall distribution classes.

Existing methodology

The CFO compilesthe rainfall forecast during the late afternoon.
This forecast is produced in the form of a map, valid for the
following day. Banitz (2001) explained how the SAWS verified
rainfall forecasts by using atwo-way contingency (Y es/No) table,
proposed by Stanski et al. (1989). Fromthistablethehit score, skill
score and the bias was calculated. The daily rainfall reports from
1702 stations are used for the verification. In this SAWS verifica-
tionprocedurearainfall forecast wasconsideredtobecorrectif rain
occurred in the appropriate rainfall district, regardless of the
percentage or depth of rainfall, which was forecast.

For the period 1998 to 2001, and considering the 19 SAWS
rainfall districts together the hit rate was consistently close to or
more than 60%. This high hit score indicates that the SAWS
forecasters are generally very skilful in identifying areas where
some rainwill fall. But for the period January to December 2000,
over the summer rainfall areas, the hit rate varied from less than
20%in February 2000to better than 80% in August (Banitz, 2001).
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During February 2000 widespread and heavy rainfall occurred over
the northern regions of South Africa (Dyson and VVan Heerden,
2001) and it is interesting to note that Banitz (2001) found that
despite the low hit rate obtained during February 2000 the prob-
ability of detection (POD) for the heavy rainfall was more than
80%.

Banitz (2001) also concluded that therainfall eventstended to
be over-forecast with the predictions only dightly better than
chance. Shealso concluded that theforecaststend toimproveat the
time of the year without significant rainfall.

The Vaal Dam catchment

The Vaal Dam is the primary supplier of potable water to the
heartland of the South African economy (Department of Water
Affairsand Forestry, 1991). M orethan 25% of thecountry’ speople
aredependent onwater storedintheVaal Dam. Thisdamliesinthe
eastern part of the much larger Vaal drainage region. Important
dams in this region are the Grootdraai, Vaal, Saulspoort and
SterkfonteinDams. TheriversinthisareafeedingtheVaa Damare
the Vaal, Liebenbergvlei, Wilge and the Nuwejaarspruit Rivers.

Thelargest part of theVaal Dam catchment liesinthe Free State
Province (60%) with the rest lying in Gauteng and Mpumalanga
Provinces. The Vaal Dam catchment can be approximated in area
by a261km by 287km rectangle (Fig. 1). The mean annual runoff
(MAR) totheVaal Damisapproximately 8% of theannual rainfall
(Department of Water Affairs and Forestry, 1991).

Figure 1 depicts the distribution of the rainfall stationsin the
Vaal Dam catchment.

Data and methodology

Theperiodinvestigated inthispaper isthe summer rainfall seasons
(October to March) of 1994 to 1998. Forecast rainfall data were
extractedfromtherainfall distribution chartsgenerated each day by
the Central Forecasting Office (CFO) of the SAWS. The rainfall
predictions arein rainfall distribution classes. In other words, the
percentage of rainfall stations expected to report rainfall. They are
validfor a24h period, 00:00to 24:00 South African Standard Time
(SAST). Rainfall charts for 25 February 1997 and 27 November
1998 aswell asrainfall mapsfor the months October 1994, March
1997 and December 1998 were unavailable. The only data avail-
able for the 1998 summer season are from October to November.
The other summer seasons stretch from October to March.

Actua measured gaugerainfall datawereobtained for Gauteng,
Free Stateand M pumal angaProvincesfrom Climate Systemsat the
SAWS. Only therainfall stationswithin the Vaal Dam catchment
were considered in the analysis. The number of reporting rainfall
stations has decreased from approximately 180 in 1994 to 118 in
1998 (Fig. 1). Rainfall depths are reported in millimetre (mm).

It isimportant to notethat problems occur when comparing the
forecasts and rainfall gauge data, referred to here as observations.
The period of validity of theforecast isfrom 00:00 to 24:00 SAST
while the daily rainfall observation is valid from 08:00 to 08:00
SAST the next day, but by convention assigned as rainfall which
fell onthefirst (previous) day. Thismeansthat thereisa16h period
in which the rainfall observational and forecast periods overlap.
The rainfall forecast starts 8h before the rainfall observation and
also ends 8h before the rainfall observation period ends. Fortu-
nately during summer a large proportion of the rainfall over the
Vaal catchment comesfrom | ate afternoon convective showersand
thundershowers (Tajaard and Steyn, 1988).

Inthis paper the percentage of the stationsreporting morethan
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TABLE 1
The rainfall class contingency table. Columns
represent the number of forecasts in each class
while rows list the number of observations made
in each class.

No rain | Isolated [Scattered| Wide- TOT
spread
Norain a b c D A
Isolated e f g H B
Scattered i j k L C
General m n o] P D
TOT E F G H Z

0.0 mm rain per day was calculated for each 24 h day. The
percentages were computed using the weighted average method of
Tennant (1999), where the geographical position of each station
relative to the other stations is taken into consideration. The
following weighting function was applied to all the stations on a
daily basis:

N-1

2
Wgt = —"=t
J (N - 1)rmax
where:
Wgt = weight assigned to station

Sum of the distance between the specific station
andall other stations.

N-1
2. -
m=1

where:
lo = Maximum distance between the specific station
andany other station
N = Total number of stations

When rainfall stations are distributed evenly over the area, this
method renders results very close to the mathematical average
expressed as a percentage:

Number of rainfall stations reporting rainfall

Total number of rainfall stations x 100

The use of the weighting method becomes important when the
rainfall stations are not distributed evenly over an area. A rainfall
station, whichisgeographically distant (close) to other stationswill
have alarger (smaller) weight factor and will therefore contribute
more (less) in the computation of the percentage. The computation
of the percentage of rainfall stations reporting rainfall is vital in
determining the accuracy of the rainfall forecasts. For thisreason
two other methods in computing the weighting percentage were
also investigated. However, results indicated that no significant
difference in the weighting percentage existed and therefore the
method adapted from Tennant (1999) was used.

Two different methods were used to perform the forecast
evaluation. Contingency tables (Table 1) comparethe distribution
classesof theforecast and observation. Theclassesasclassified by
theauthorsareno-rain; isolated rain; scattered rain and widespread
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TABLE 2
The two-way contingency table for the hit
rate. Columns represent the number of
forecasts in each class and the rows the
number of observations in each class.

Yes No Total
Yes a b A
No c d B
Total C

rain. Interms of percentages these classes are no-rain (0 to 15%);
isolated rain (16 to 35%); scattered rain (36 to 75%) and wide-
spread rain (76 to 100%). Using this classification, several skills
and scores can be determined using the format depicted by Table
1. These scoresinclude the percentage correct forecasts (PCF), the
falsealarm ratio, the threat score as well as the Heidke skill score
as described by Stanski et al. (1989). The PCF is calculated using
the following expression:

pcr = 3HTHKER 109
VA

Due to the large number of forecasts, which were classified as
scattered rain, the question was raised whether it would be statis-
tically justified to use this class without further subdivision. The
decision was taken to use this class unchanged because of its
common use by the South African weather forecastersand itswide
acceptanceby thegeneral public. Analysisof therainfall gaugedata
indicated that rainfall classified as widespread rain occurred only
8% of the time. This severely limits the significance of statistical
parameters cal culated for widespread rain. Because of the impor-
tance of thisclass (widespread rain) for hydrological forecasting it
was decided to use this class without any modification.

The second eval uation method used in this paper isthe hit rate.
Eleven rainfall stations, with continuous records, within the Vaal
Dam catchment area were selected. Rainfall data from the 11
stations were used to determine whether rain had occurred at the
station whenit wasforecast but irrespective of the category (class).
In order to compute the true skill score (TSS) the two-way table
depicted as Table 2 and the following expression were used
(Stanski et al., 1989).

ad —bc

AB
The TSSisameasure of the association between the forecast and
observation. TSSis perfect when it is equal to +1 and at its worst
whenitisequal to-1. Thismethod issimilar to the one used by the

SAWS, except that an observation at a specific point is used here
while the SAWS does the verification for arainfall district.

TSS=

Research results

Table 3isthe contingency tablefor therainfall distribution classes
for the 1994 to 1998 summer rainfall season over the Vaal Dam
catchment. Columnsrepresent thenumber of forecastsineachclass
while rows list the number of observations made in each class.
Figure 2 depictsthe PCF over the Vaal Dam catchment for the
summer seasons 1994 to 1998. For the entire period the PCF was
less than 50%. The best results were found for the 1995/1996 and
1998 summer seasons. Banitz (2001) postulated that persistence
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Percentage of correct forecasts (PCF) over the Vaal Dam
catchment for the summer rainfall seasons 1994 to 1998 TOT 313 301 361 50 1025
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As Fig. 2 but for the four individual rainfall classes. The observation class is
indicated at the top of each histogram.
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Figure 4
As Fig. 3 but for the percentages of forecasts issued in each class

Forecast

ISSN 0378-4738 = Water SA Vol. 29 No. 2 April 2003

&0 30

Figure 5b
As Fig. 5a but for the number of
observations in each class
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forecasting played arolein the forecasting skill for heavy rainfall
during February 2000. Itisconceivabl ethat persistenceforecasting
also contributed to the higher accuracy of forecasts during the
1995/1996-rainfall season. This summer was characterised by
abovenormal rainfall over thestudy area(De Coning, 1997a, b; De
Coning et al., 1998 and Edwards, 1997).

Figure 3 shows the PCF but in this case considering the
different classes of rainfall. Anaysis of Fig. 3 indicates that the
forecasts produced by the SAWS were generally less than 50%
correct. Notable exceptions occurred with the ‘no-rain’ class
during the 1995/96 and 1998 summer seasons, the ‘isolated rain’
classinthe1998 early summer monthsandthe’ scatteredrain’ class
during the 1997/98 summer season. However, when it came to
‘widespread rain’, the forecast accuracy for the Vaal Dam catch-
ment was very poor. Results were |ess than 25% with two seasons
aslow as 12%.

Figure4indicatesthe percentages of what wasforecast for the
actual observed rainfall classes. In Fig. 4 the observed rain classis
shown at the top of each histogram while the forecast for the
specific classisindicated at the bottom. When ‘no-rain’ occurred
‘no-rain’ wasforecast 49% of thetime, ‘isolated rain’ wasforecast
29% of thetimeand* scatteredrain’ 21% of thetime(Fig. 4a). Good
forecasting isindicated by high percentagesfor the corresponding
observation class. Thiswas only partialy achieved with the ‘no-
rain’ and ‘scattered rain’ observation classes. For the ‘no-rain’
observation, 49% of the forecasts were ‘no-rain’ (Fig. 4a) while
when ‘scattered rain’ was observed, 47% of the forecasts were
‘scattered rain’ (Fig. 4c). The observed ‘isolated rain’ class shows
that the forecasters tend to predict ‘scattered rain’ rather than
‘isolated rain’ (Fig. 4b). Considering the observed ‘widespread
rain’ class, itisalsoclear that theforecasterstendtobeconservative
and would rather predict ‘ scattered rain’ (Fig. 4d). Figure 4 seems
to indicate that for the Vaal Dam catchment region, the preferred
classof rainfall forecast is‘ scattered rain” whenever any rain event
is expected.

Figures 5a and 5b are pie charts indicating the percentage of
forecasts (observations) made in each class for the whole period.
Againmost rainfall forecasts (35%) fall inthe* scatteredrain’ class
while ' scattered rain’ actually occurred
only 25% of the time. ‘No-rain’ was

(9.241). An encouraging feature is that no relationship exists
between the ‘widespread rain’ observation and the ‘no-rain’ fore-
cast. Thisisindicated by the negative but significant value of —
4.107. Therelationship between the‘isolated rain’ forecast and the
‘isolated rain’ observation is close to significant (2.141), but the
‘isolated rain’ forecast is also associated with the ‘ no-rain’ obser-
vation (2.134). The ‘ scattered rain’ forecast produced unexpected
results. A very weak and negative association exists between the
‘scattered rain’ forecast and the ‘ scattered rain’ observation, but a
significant relationship exists between the ‘ scattered rain’ forecast
and the ‘widespread rain’ observation (3.431). Thisindicates that
the ‘widespread rain’ observation is usually associated with the
‘scattered rain’ forecast. The ‘widespread rain’ forecast shows a
significant relationship with the ‘widespread rain’ observation.
With respect to the hit rate at the 11 rainfall stations in the
region, Table 5 indicates that arain event was missed only 3% of
thetime. On average, rain was correctly predicted 52% of thetime
while 45% of the time rain was forecast, but did not occur. The
average TSS for the 11 stations reveals a positive association
between the forecasts and observations (0.2518). These results,
however, are not as good as those obtained by the SAWS (Banitz,
2001) becausethemethod used by the SAWSclassifiestheforecast

TABLE 4
Ratio of the log-linear parameter to its standard
error for the observed and forecast rainfall classes
in the Vaal Dam catchment during the summer
rainfall seasons, 1994 to 1998. An asterisk
marks significant values.

observed most often (45%), but it was
forecast only 31% of the time. The
‘isolated rain’ observation, which oc-
curred 21% of the time, was forecast

Hit rate for eleven rainfall stations in the Vaal Dam catchment for
the summer rainfall seasons of 1994 to 1998

No rain Isolated Scattered Widespread
No Rain 9.141* 2.134 -3.572* -4.869 *
| solated 0.189 2.141 -1.061 -0.825
Scattered -0.12 -0.345 -0.094 0.376
Widespread | -4.107 * -2.34 3.431* 6.144 *
TABLE 5

2% of thf time. ‘Widesmea(_j rain Stations Latitude Longitude Rain Correctly Rain True
occurred 8% of the time, but is only (°s) (°E) observed forecast was not skill
forecast 5% of the time. -not (%) observed score
Log-linear modelling (Fienberg, forecast but rain was (TSS)
1980) was also performed on the con- (*0) forecast (%)
tingency table (Table 3) for the whole
ity pariod 2(rable) for the whole 1 2718 | 2963 401 5043 | 4556 | 02252
test the statiétical association between 2 27.12 29.85 4.01 50.29 45.7 0.2256
each of the rainfall categories, Table 4 3 26.85 29.15 2.44 52.01 45.56 0.291
lists the results of this analysis. These 4 26.77 30.12 4.76 55.41 39.83 0.2611
values are odds-ratio values, whichisa 5 26.37 28.93 2.88 48.08 49.04 0.2424
measure that describes the degree of 6 26.5 29.18 3.58 57.8 38.63 0.3117
association. Calculations showed that 7 26.28 30.2 343 50.43 46.14 0.246
absol ute values greater than 2.38 were 8 28.6 28 3.58 49.21 47.21 0.2201
significant. The ratio of the log-linear 9 27.87 28.08 3.74 52.99 43.26 0.2575
parameter estimate with its standard 10 27.2 28.58 4.13 47.94 47.94 0.1973
error indicated that a significant rela- 11 28.12 28.35 2.39 52.62 44,99 0.2916
tionship exists between the ‘no-rain’
forecast and the ‘no-rain’ observation | Average 3.54 51.56 44.9 0.2518
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ascorrect if rainfall occursanywherein therainfal district. Inthe
method employed here, rainfall hasto occur at the specific station
before it is considered to be correct. Remembering that time
discrepanciesexist between theforecast and the observation times,
the hit rate results suggest that the forecast of rainfall isonly some
50% reliable at any specific station in the Vaal Dam catchment.

Conclusions

The SAWS evaluated rainfall forecasts for 19 districts covering
most of the country and found their forecaststo bereliable (Banitz,
2001). Choosing a relatively small area, such as the Vaal Dam
catchment, and verifying the rainfall distribution classes gave a
PCF of less than 50%. However the statistical results are clearly
dependant on the chosen verification method and it is clear that no
single verification measure provides complete information about
the quality of aforecast (Stanski et al., 1989).

Considering theverification of therainfall distribution classes,
the best forecasts were made during the 1995/96-summer season.
Thebest forecast classeswere ' no-rain’ and ‘ scatteredrain’. It was
a sofoundthat when arain event wasexpected ‘ scattered rain’ was
the preferred forecast. Log-linear modelling identified the same
trends. No trend in the accuracy of the forecasts could be detected
in the data over the rather short study period.

The second hit rate method indicatesthat although arain event
wasrarely missed (3%), rain wasforecast closeto 45% of thetime
when no rain was observed.

Widespread rain was forecast poorly with the PCF ranging
between 12 and 25%. Widespread rain was observed close to
double the number of times it was forecast and scattered rain is
often forecast when widespread rain in fact occurred. One should
consider that widespread rain occurred only 8.5% of thetime. On
average thisis only 15 d per summer rainfall season. Due to the
rareness of awidespread rain event it is probable that forecasters
have less skill in identifying the systems responsible and locating
geographical areas where widespread rainfall is likely. Areas of
widespread rain often contain regionswith heavy rain, which may
cause flooding. It is therefore imperative that forecasting tech-
niques are developed to aid the forecaster in identifying and
accurately predicting thisrain class.

Recommendation

Considering the many discrepancies between data and forecast
periodsaswell asthemeteorological factors, theresultsdoindicate
that forecasting methods used for identifying rainfall classes need
to be re-examined. It is therefore recommended that an ongoing
evaluation be initiated with timely feedback to the forecastersin
order to assist in the improvement of rainfall forecasts.
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