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Evaluation of ISKA forecast performance 
 

Abstract 
The company Ignitia provides rainfall forecasts through SMS to subscribers in Ghana, Mali and some 

other countries in the West African region south of Sahara. Their ensemble-based probabilistic 
forecast product iska, based on the high-resolution weather model WRF with modifications, has been 

developed to better simulate tropical conditions where rainfall is driven by convection.   

This external investigation determined the forecast skill of iska by validating against NOAA satellite 
rainfall product. As comparison, rainfall probability forecasts from the global model GFS and from 

Weather Underground were evaluated. The iska forecasts outperformed the GFS forecasts and the 
Weather Underground forecasts in terms of accuracy. The statistical skill decreased towards the 

Sahel region and also towards the coast, the latter probably an artefact of the NOAA product having 
problems in identifying local warm-cloud rain, meaning that the forecast skill by the coast might be 

better than indicated.  
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Executive summary  
Background 
Ignitia was seeking to evaluate the performance of its daily probabilistic rainfall forecasts through 
external party. The validation included making a comparison against baseline forecasts from NCEP 
(GFS), which is the most widely used source due to its free and public availability for commercial use, 
as well as data from a common online provider; forecasts from Weather Underground which is a 
subsidiary of The Weather Company, owned by IBM. The proposed output was an objective 
evaluation and presentation of a range of statistical scores, their meaning and how they compare to 
baseline forecasts from GFS and Weather Underground, as well as the context in which these scores 
are obtained (tropical convective weather regime) and the implications of that. 

The study encompassed the subscriber locations of iska in selected countries in West Africa, namely 
Ghana (2016-2018), Mali (2016-2018), Senegal (2016) and Burkina Faso (2016). Ignitia has stored 
data on each individual forecast sent and the study was particularly focusing on the performance of 
first day forecasts, due to their primary importance for end-users (farmers). These were to be 
compared against an observation dataset that is based on satellite rainfall estimates (NOAA RFE2.0), 
as the subscriber locations are widespread and rural, while the ground station network is spatially 
scarce and lacks temporal continuity in the region. The cut-off value for precipitation amount in the 
satellite dataset is set to 2 mm, which is also the predicted amount required to trigger a forecast 
model point as rainy. Amounts are not provided in the forecasts, only likelihood of any rainfall > 2 
mm. Note also that the rainfall estimates are 24-hour accumulations (06 UTC to 06 UTC), so the 
timing component of the forecasts was not studied explicitly. 

Methodology 

The statistical metrics to be used in order to build an understanding of the skill of the iska forecasts 
was the basic sets that can be obtained from a contingency table, such as hit rate, correct rejections, 
misses, false alarm rate, critical success rate, Heidke skill score and frequency distribution to 
determine the performance in a probabilistic sense, including the two categories ”likely dry” and 
”rain likely”, which are not usually defined in the classical scores based on binary (yes/no) forecasts. 
No single metrics will capture all aspects, while yet others are not appropriate for multiple 
probability categories beyond the rain vs no-rain binary approach. 

The scores Hit Rate and Percent Correct (both rainy and dry forecasts correct) and False Alarm Rate 
are straightforward and should be 1 (or 0 for false alarm) to be perfect. Critical Success rate is 
modified Hit Rate that also takes into account the false alarms. Bias is the mean over-/under-
estimation of the forecasts and should be close to 1. The Heidke Skill score represents how well the 
forecasts perform compared to chance, where a value of 0 means that the forecast accuracy is the 
same as flipping a coin. For a description of the probability scores, see sec. 4.4. All scores here should 
be close to 1, except for the Brier Skill Score that should be low. 

The following data have been provided as a basis for the study: 

• Forecast data in daily text-files formatted as: serial number per subscriber category, 
subscriber ID, longitude, latitude, forecast category day 1, forecast category day 2.  

• Daily 24h 06Z-06Z satellite rainfall estimates from NOAA RFE2.0 for the West African region 
(0.1 degree resolution), with 2 mm threshold for pixels to be determined as rainy.  

• NCEP GFS global ensemble model forecast data with a resolution of 0.5°. 
• Wunderground probability forecasts for a number of locations in Ghana. 
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The iska forecasts were gridded to resemble the resolution of the NOAA rainfall estimates (ISKA0.1) 
and GFS (ISKA0.5). 

Results and discussion 
The outcome can be focused on the parameters Heidke Skill Score (HSS) for the binary forecasts and 
the Integral Reliability (IR) for the probabilistic forecasts. The other parameters can be used to 
understand the reasons of the results. Focus of the study has been on the forecasts issued during 
2017 and 2018, due to the fact that the 2016 forecast statistics are biased towards the end of the 
season (as 2016 was linked to the ongoing expansion of the number of subscribers in several 
geographical areas).  

Starting with the binary evaluation, the HSS clearly shows the advantages of making rain forecasts in 
the West African area with a high resolution model (iska), to compare with the global, lower 
resolution model GFS. The introduction of ensemble forecasts and probability categories is one way 
to inform about the uncertainties, but also here, iska outperforms GFS. The Brier scores are similar 
for iska and GFS. However, this does not give the whole truth as the Integral reliability is significantly 
lower for GFS. One strength with iska forecast is that it very seldom misses rainfall. The false alarms 
are also much lower than for GFS. The Weather Underground forecasts are just slightly better than 
flipping a coin in terms of predicting rain.  

The forecasts skill gets worse when approaching the Sahel area. Here, the rain showers are more 
difficult to predict because they are small-scale and sporadic and dependent on a good boundary 
forcing from GFS. Also the coastal forecast is worse. A problem in the evaluation is the fact that the 
NOAA satellite product has problems to resolve warm cloud precipitation. These clouds are smaller 
both vertically and horizontally, compared to the ice clouds with higher cloud tops. These showers, 
due to the collision–coalescence process, are more common close to the coast where larger 
condensation nuclei (mainly sea salt) are abundant. Both iska and GFS forecasts can handle warm 
cloud precipitation so this means that there is a possibility that the rain is underestimated from 
NOAA and that the forecasts are better than shown in the scores. The geographical distribution also 
points in that direction, because the False Alarm Rates are large at the coast for both iska and GFS. 

The results obtained from the GFS forecasts show some similarities with the study by Vogel et al. 
(2018). They focused on the monsoon season over West and East Sahel and the Guinean Coast 
(whole south coast of West Africa). The skill for the untreated ECMWF ensemble is lower by the 
Guinean Coast than in West Sahel. This is also true in the present study when comparing Ghana and 
Mali. In Vogel et al, applying post-processing by using Bayesian model averaging (BMA; reflecting the 
ensemble member’s performance during a training period), resulted in increased skill in the Brier and 
Area Under Curve (AUC) scores, approaching the levels of iska in the present study. However, it 
should be noted that Brier and AUC scores can still be OK even if the forecasts are not reliable. 
Therefore, these metrics should be compared by also coupling to the reliability score to obtain a 
more complete picture. 

Conclusions 
This report has investigated the performance of iska forecasts of daily rainfall to SMS subscribers, 
mainly in Ghana and Mali. Validation data were NOAA rainfall product and comparison were also 
done with GFS global ensemble forecasts and Wunderground forecasts. The iska forecasts were 
gridded to resemble NOAA satellite and GFS resolution (ISKA0.1 and ISKA0.5) and to avoid biases due 
to uneven geographical distribution of the subscribers. The statistics, as a weighted summary of 
2017–2018, are presented in the table below: 
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Weighted statistical indices for the grid points in which subscribers exist for the years 2017–2018. 
“Best” values are indicated in bold. 

Parameter ISKA0.1° ISKA0.5° GFS0.5° Wunderground 
 Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 
Percent Correct 0,90 0,89 0,93 0,93 0,75 0,76 0,53 0,50 
Hit rate 0,99 0,98 0,99 0,96 0,48 0,63 0,96 0,98 
False alarm rate 0,20 0,32 0,16 0,28 0,50 0,49 0,47 0,51 
Critical success 
index 0,80 0,67 0,83 0,70 0,32 0,39 0,51 0,49 

Bias 1,24 1,45 1,18 1,34 0,94 1,23 1,82 1,99 
Heidke Skill Score 0,79 0,72 0,85 0,78 0,32 0,40 0,04 0,01 
Brier Skill Score 0,19 0,20 0,17 0,19 0,23 0,23 0.30 0,31 
AUC 0,75 0,69 0,77 0,72 0,66 0,67 0,51 0,50 
Integral Reliability 85 81 90 86 66 67 62 57 

 

To conclude: 

• The statistical analysis showed that the iska forecast outperformed the GFS forecasts and 
especially the Wunderground forecasts in all statistical parameters, both certain and 
probabilistic. 
 

• The statistical skill scores were very high in most of the area but decreased towards the Sahel 
region and also towards the coast, the latter probably an artefact of the NOAA product to 
reproduce local warm-cloud rain. 
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1. Introduction 
Western Africa is in a climate region when the significant rainfalls are limited to the wet summer 
season. The farmers here, as everywhere, are dependent on planning their fieldwork after their 
knowledge of coming rainfall. One forecast type that is available for use is the Weather underground 
(“Wunderground”) online forecast. Also NCEP’s Global Forecast System (GFS) is freely available. 
Common for these forecasts is that their skill is not very high in this region. The reason is that the 
rainfall in the tropics is formed by local scale convection not directly resolved by the model grids. 
Further, some other local effects, such as sea breeze, topography and local convergence are not 
resolved. One way to handle uncertainties is use of ensemble forecasts giving estimates of 
probabilities. Both GFS and Wunderground make use of probability forecasts for the rainfall, but due 
to the low resolution and lacking physics descriptions in the models (parameterizations) suitable for 
the tropics, the probabilities can be misleading. 

The company Ignitia developed a forecast product, iska, based on the high-resolution weather model 
WRF set-up for tropical conditions. It has shown to be more accurate in rainfall prediction on the 
timescale 1 to 2 days. This investigation makes an evaluation of the iska product in comparison to 
GFS and Wunderground forecasts, using higher-order statistical skill parameters, based both on 
binary (yes/no) outcome and probability categories. 

1.1 Purpose and aims 
The purpose of this study is to evaluate the rainfall forecast performance of the iska product in 
comparison to other forecast products in the West Africa Region. Therefore, the aim is to find a 
number of statistical score parameters for the iska product, NCEP’s Global Forecast System (GFS) and 
the IBM subsidiary The Weather Company’s Weather Underground [“Wunderground”] online 
forecasts. The following research questions should be answered: 

• What are the contingency statistics with e.g. hit rate, false alarm rate and bias for the 
different forecasts? 

• What are the statistics for the intermediate probabilistic forecast statistics? 
• What is the geographical distribution (spatially and country) of the forecast skills? 

1.2 Delimitations 
The study was limited by the period of data available. These periods are presented in sec. 4.2. The 
evaluation was also limited to daily rain and did not include the intensity of the rain nor the timing. 

2. Scientific background  
Tropical weather is different from the mid-latitude weather, which is more governed by large scale 
processes, compared to the tropics. Traditionally also the weather model improvements and skill 
evaluations have been focused on the mid-latitudes, even though that small-scale processes like 
convection are present in both areas. Convection is characterized by small-scale (sub-grid scale) fast 
uplift, in some cases associated with rain showers, e.g. rainfall, local in time and in space. While a 
substantial part of the precipitation is large-scale in the mid-latitudes, all rainfall is convective or 
convection-related in the tropics, with the associated uncertainties in location and timing (Laing & 
Evans, 2011). Grell and Freitas (2014) also mentions the grey scales 1-9 km where the models lack 
sufficient description of the physics details. 

The evaluation study of 9 different operational global ensemble forecasts of precipitation (Vogel et 
al. 2018) showed that all global models had problems forecasting the rain fall in West Sahel and 
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Guinea coast. Heiden et al. (2012) concluded that the success rates for precipitation forecasts in the 
tropics for Day 1 is comparable to Day 6 in the mid-latitudes. 

In the tropics, the position of the Intertropical Convergence Zone (ITCZ) governs the condition in 
different areas. As an effect of the Hadley Circulation the low-level winds converge along the 
equator. The position of land masses (due to thermal differences) and the seasonality in solar angle, 
however modifies this idealized pattern spatially and in time. The seasonal effect alone causes the 
ITCZ to migrate northward in the Northern hemisphere summer. Typically, the highest latitude is 
reached a while after the solstice, as in February and in August. Continental West Africa (Fig. 1), that 
consists of the countries of Benin, Burkina Faso, Cape Verde, The Gambia, Ghana, Guinea, Guinea-
Bissau, Ivory Coast, Liberia, Mali, Mauritania, the Niger, Nigeria, Senegal, Sierra Leone and Togo, 
modifies the position of the position of ITCZ to be just outside the coast in February. In August, ITCZ 
has a NE direction from about 10°N at the coast (18° W) to about 15° (at 0° E) and 22° in the centre of 
Sahara. (Barry & Chorley 2003, Nguyen et al. 2011). Along the West African west coast, the annual 
precipitation at 12°N is 1939 mm, at 15°N 542 mm and 18°N 123 mm, a very significant gradient 
(Barry & Chorley, 2003). 

 

Figure 1. West Africa in dark green (Wikimedia Commons) 

There is also a jump from 5° (close to coast) to 10° within a few days in spring. This can be seen as the 
start of the West African (wet) Monsoon (WAM) showing similarities with the Asian monsoon. An 
alternative definition of the ITCZ during the summer is by the West African monsoon trough (MT), 
located further northward of 20°N. South of it, winds are south-westerly, north from it they are 
easterly to north-easterly.  

The rainfall typically falls south of the ITCZ/MT in this area during the summer, due to the formation 
of a tropical front in West Africa in the summer (Barry & Chorley, 2003; Leroux, 2001). This is due to 
the NE trade winds (Harmattan) that bring dry and hotter Saharan air. With its lower density it is 
layered above the moist cooler air from south. This front surface can also be seen as the trade 
inversion. Since the hotter air is dry the similarities to mid-latitude fronts ends there. There are no 
clouds associated with the tropical front, rather the warmer and stable air aloft prevents convection 
from the surface to penetrate high enough to form any or deep cumulus clouds. But since there is a 
slope of the tropical front towards the south, some 200–500 km south of the surface front (ITCZ), 
deep convection may be sufficiently deep for precipitation formation. ITCZ also works as an average, 
in reality areas of convergence grow and decay at one location or following westward moving 
disturbances (Barry & Chorley, 2003).  

https://en.wikipedia.org/wiki/Benin
https://en.wikipedia.org/wiki/Burkina_Faso
https://en.wikipedia.org/wiki/Cape_Verde
https://en.wikipedia.org/wiki/The_Gambia
https://en.wikipedia.org/wiki/Ghana
https://en.wikipedia.org/wiki/Guinea
https://en.wikipedia.org/wiki/Guinea-Bissau
https://en.wikipedia.org/wiki/Guinea-Bissau
https://en.wikipedia.org/wiki/Ivory_Coast
https://en.wikipedia.org/wiki/Liberia
https://en.wikipedia.org/wiki/Mali
https://en.wikipedia.org/wiki/Mauritania
https://en.wikipedia.org/wiki/Niger
https://en.wikipedia.org/wiki/Nigeria
https://en.wikipedia.org/wiki/Senegal
https://en.wikipedia.org/wiki/Sierra_Leone
https://en.wikipedia.org/wiki/Togo


3 

 

Other regional weather effects that determine the rain pattern are individual convective cells that 
during some conditions may merge and form larger complexes, grouped cumulus cells, often in the 
form of squall lines. Further wind disturbances and patterns include easterly waves (wavelength 
2000–4000 km), the low-tropospheric African Easterly jet (AEJ) at 4000–5000 m and the subtropical 
jet at c. 15000 m height.  

More local in scale, the coastal sea breeze comes into picture, where the sea breeze front causes 
convergence and triggering of convective clouds. Other low-level convergence areas can be due to 
local wind patterns and cloud formations associated with this. Wave disturbances associated with 
convective rainfall may be developed in the south-westerly trades as well. 

Geographic special features include for example the Dahomey/Togo gap, which is found in the 
coastal zone in Eastern Ghana, Togo, Benin and West Nigeria, where the tropical rainforest is broken 
by more savannah type vegetation. This modifies the local evapotranspiration and the moisture 
source to the cloud development in the area. The background for this dryer region is both the cool 
surface water during late summer (due to coastal upwelling near the southeast-facing coast of Ghana 
due to coast parallel south-westerly winds during the WAM) causing the air to be more stably 
stratified, and the fact that MT is in its most northern position. The dry period affecting larger parts 
of the south coast is called the “little dry season”.  

Four climate regimes can be identified in West Africa in July: 

1. Coastal belt with light rain related to frictional convergence of the south-westerly trade winds. 
Extends from coast to c. 200 km inland. 

2. Prolonged rain due to convergence south from axis of AEJ. Extends to 10°N 
3. North–south lines of thunderstorms fed by the AEJ 
4. Isolated storms due to the vicinity of the tropical front associated with the MT. 

In Fig. 2 the total rainfall, rainy season start, stop and length, are shown. The maps are based on data 
from the NOAA RFE2.0 product that may miss precipitation from the “warm clouds” close to the 
coast. Data start in end of April, so the dark blue area in Fig 2b just shows that the rain period starts 
before May. 
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Figure 2. Description of the rainy season 2016 between 25 April (day 116) and 30 Nov (day 335) using 
NOAA satellite product. In a) total precipitation, in b) start in julian days of first observed rain event, 
in c) end in julian days of last observed rain event, and in d) length in days between the start and end 
dates. (Retrieved from NOAA RFE2.0 data, see 3.2) 

3. Model and Data 
3.1 ISKA forecast product 
The company Ignitia delivers rain forecast messages to subscribers in several countries in West 
Africa. Their product iska is based on the regional weather model WRF (Skamarock et al. 2008) and 
was further developed for tropical conditions where rainfall is dependent on convection. The model 
is run as an ensemble such that the forecasts involves the probabilistic categories: dry, likely dry, 
likely rain and high chance of rain. In the product also intensity and timing is included but not 
investigated in this study (Vallgren & Petrykowska, 2017). 

The WRF model is mostly run at 9 km resolution in the area, with NCEP GFS global model (sec. 3.3) as 
forcing at the boundaries. The original physics schemes, describing the physical processes on the sub-
grid scale, has been chosen and modified to better describe the atmospheric processes in the tropics, 
basically the horizontal scale of 1–9 km that otherwise are much less represented (Vallgren & 
Petrykowska). Focus has been on developing the boundary layer representation, cumulus 
parameterization and cloud physics schemes. In addition, emphasis on the so-called data-assimilation 
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increases the certainty of the initialization of the model. The settings are based on investigations on 
their capabilities to capture the life cycle of the West African rain systems. 

Data-assimilation uses available observations, ground-based and remotely sensed from satellites and 
integrates them into the model system in a physically consistent way (accounting for possible 
observations error and to prevent physical imbalances that may cause fictive disturbances in the 
model). The total of up to 40 ensemble members are different in terms of model physics and 
initialization methodologies, also including members from previous forecast cycles. Lastly the post-
processing of the model results refines the forecast product. Trajectories of individual storm cells are 
tracked in the beginning of the simulations. The ensemble members are weighted according to high-
order algorithms (Vallgren & Petrykowska, 2017). 

3.2 NOAA RFE2.0 product 
Surface observations are too scarce in the area, so validation is made against the National Oceanic 
and Atmospheric Administration (African) Rainfall Estimation algorithm (NOAA RFE 2.0) (Novella & 
Thiaw, 2013). It merges data from 4 sources combining surface gauge observations, and satellite IR 
(infra-red) and microwave data. The sources are daily GTS (Global Telecommunication System) rain 
gauge data, AMSU (Advances Microwave Sounding Unit) satellite precipitation estimates, SSM/I 
(Special Sensor Microwave Imager) satellite rainfall estimates and GPI (GOES satellite Precipitation 
Index) cloud-top IR temperature precipitation estimates. The resolution is 0.1° (11 km) and the data 
can be accessed via ftp://ftp.cpc.ncep.noaa.gov/fews/fewsdata/africa/rfe2/ . 

3.3 NCEP GFS forecast 
The National Centres for Environmental Prediction, Global Forecasting model (NCEP GFS or GFS) is a 
atmosphere–ocean global forecast model (NOAA, 2016, 
https://www.emc.ncep.noaa.gov/index.php?branch=GFS). It is state-of-the art input for many 
regional forecasts model, partly due to that it is freely available, and is also used directly in many 
web-forecast products. Their ensemble product has 20 members. 

3.4 Wunderground forecast 
The Weather underground is a subsidiary of The Weather Company, owned by IBM. Their 
“Wunderground” online forecast is provided by the Weather Company as “BestForecast”. The 
Weather Underground community weather stations are included in their assimilation system (IBM, 
2018). Hence the forecast skill is presumably best in the North American and European regions 
where this network is denser. The global model ECMWF and GFS, among others, are used as 
boundary forcing (Wunderground, n.d.). 

4. Methodology 
4.1 Data treatment 
4.1.1 ISKA forecasts 
All data were delivered from the company Ignitia. iska forecasts were given as daily ascii tables with 
one row per subscriber, including Country code and subscriber ID, latitude and longitude, and 
forecast categories for day 1 and day2. There are four probability levels with the threshold of 2 mm 
rain: 

• Dry: <10% chance of rain, aimed percentage = 0% 
• Likely dry: 10-49% chance of rain, aimed percentage = 30% 
• Rain likely: 50-80% chance of rain, aimed percentage = 60% 
• High chance of rain: >80% chance of rain, aimed percentage = 90% 

ftp://ftp.cpc.ncep.noaa.gov/fews/fewsdata/africa/rfe2/
https://www.emc.ncep.noaa.gov/index.php?branch=GFS
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In the data, the timing of the rain was included, but in this investigation the study was limited to daily 
rain, regardless of timing. Hence morning-, afternoon- and night-time rain were merged together 
with the daily rain. Also, the forecast category heavy rain was merged with the more moderate 
intensities. To avoid biases due to uneven geographical distribution (e.g. densely populated areas 
around cities) of the subscribers, the iska forecast data were gridded into 0.1° resolution (hereafter 
called ISKA0.1), resembling the NOAA satellite grid, and into 0.5° resolution (hereafter called 
ISKA0.5) to resemble the GFS grid. The latter was done by taking the mode values of the forecasts 
within a grid box to represent the whole grid box. 

4.1.2 NOAA RFE2.0 
The NOAA data were daily 24 h accumulated (06UTC–06UTC) precipitation and gridded to 0.1°. If 
estimated rain was above 2 mm the pixel category was set to rain. For comparison with the GFS 
forecasts, the GFS grid of 0.5 was applied on the NOAA data, using the average precipitation. 
Subsequently the threshold of 2 mm was set. The domain used covers the area 15°W–1.5°E, 4.5°N–
17.5°N. 
4.1.3 NCEP GFS 
The GFS ensemble forecasts were already gridded to 0.5°. It was chosen not to interpolate to 0.1° 
because it does not add any extra information. Also, these data are divided into probability levels on 
a daily basis in the same manner as iska (see above). The domain used covers the area 15°W–1.5°E, 
4.5°N–17.5°N. 
4.1.4 Wunderground forecasts 
The Weather Underground data just covered 9 well-distributed stations in Ghana. The web forecasts 
were provided as both raw data (screenshots of online forecasts) and were digitized by Ignitia to get 
the same format as the other forecast data, regarding probability levels and coordinates.  

4.2 Periods 
In 2016 the number of iska subscribers increased during the year. First in Ghana and Mali and in the 
second half of the season, also in Senegal and Burkina Faso (not studied explicitly due to lack of 
statistical robustness – too short time series and too few locations). Fig. 3a shows the grid 
distributions for the onset date of the subscribers 2016. In Fig 3b the stop dates are depicted. We 
include the statistics for 2016 in the results but due to that the forecast statistics were biased 
towards the end of the season the focus on the scores is given to the years 2017–2018. These are 
also the years summarized in the summary tables in the Executive summary and in sec. 7, 
Conclusions. In 2018 the Weather underground forecasts are part of the evaluation as well. GFS 
forecasts are evaluated for the same periods as the iska data. 

Periods when any data are available: 

• 25 Apr–30 Nov 2016. 

• 20 Mar–1 Dec 2017. 

• 4 Apr–2 Dec 2018. 
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Figure 3. Julian day for a) start of subscription and b) end of subscription in 2016. 

4.3 Procedure 
The forecast data from iska, GFS and Weather underground were evaluated statistically with the 
NOAA satellite estimates of the precipitation. The result is first presented as score tables for iska 
(ISKA0.1 and ISKA0.5) forecasts and GFS forecasts in the same grid points (Sec. 5.1.1). This means 
that the GFS forecasts includes the same geographical points as the iska and thus the GFS evaluation 
is done on the same premise as the iska evaluation. In Sec 5.1.2 the geographical distributions in the 
form of maps are presented. Lastly, the result is presented as country-averaged values in sec 5.2. This 
was done by dividing the gridded data into countries according to the country code given in the iska 
forecasts files. Here also the Weather underground results are presented.  

 

Figure 4. Active grid from ISKA0.1 forecast 2016 and countries. Red is Ghana, different blue tones are 
Mali, Senegal and Burkina Faso. 



8 

 

4.4  Statistical indices 
4.4.1 Binary 
These scores are based on the certain (<10 % or > 80% chance of rain) forecasts. Many of the skill 
scores described below can be found and explained at https://www.wxonline.info/topics/verif2.html 
and in Mason (2015) and references therein. 

Contingency table 
Table 1. Contingency table of the certain forecasts. 

  Observed Rainfall 
  Yes No 

Forecasted 
Rainfall 

Yes Hits (a) False alarms (b) 

No Misses 
(c) 

Correct rejections 
(d) 

 

Percent correct (PC) 
A measure of the ratio of correct forecasts (wet or dry). Should be 1 if all forecasts were perfect. 

PC= (a+d)/(a+b+c+d)    (1) 

Hite rate (HR) 
A measure of the ratio of rainfall forecasts that were correct. Should be 1 if all forecasts were 
perfect. 

HR = a/(a+c)     (2) 

False Alarm Rate (FAR) 
The ratio of forecasts that said rain but ended up being incorrect or vice versa, i.e. false alarms. 
Should be 0 if all forecasts were perfect.  

FAR = b/(a+b)     (3) 

Critical Success Index (CSI) 
A similar measure to the hit rate but that also takes into account the false alarms. Should be 1 if all 
forecasts were perfect.  

CSI = a/(a+b+c)    (4) 

Bias 
Describes the general ability of the forecasts to form a climatology that should be as close as possible 
to the observed number of rainfall events. If below 1, it means we are underestimating rainfall and if 
above, overestimating the same. Should be 1 for no forecast bias. 

Bias = (a+b)/(a+c)    (5) 

Heidke Skill Score (HSS) 
A common estimate that also takes into account the influence of chance: pure guessing can also give 
a correct forecast at times and should be filtered to represent true skill. Perfect forecasts would yield 
a value of +1 with this score, whereas 0 means that just chance would give the same result.  

HSS = 2*(a*d-b*c)/((a+c)*(c+d)+(a+b)*(b+d))  (6) 

https://www.wxonline.info/topics/verif2.html
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4.4.2 Probabilistic 
The probabilistic scores are based on all probability levels, hence including both certain and likely 
events. 

The Receiver Operating Characteristic (ROC) curve (Mason, 2015 and references therein) is produced 
by plotting the “true positive rate” (TPR) or “hits” against the “false positive rate” (FPR) (Fig. 5). FPR 
is defined a little different from FAR (Eq. 3), by using the “correct rejections” instead of “hits” in the 
denominator: 

FPR = b/(b+d)     (7) 

The TPR and FPR is identified for each probability category. Then, by starting with the probability 
category with the highest probabilities (in this case high chance of rain), each category’s TPR and FPR 
are accumulated. This forms a curve that is steep in the beginning (many hits and few false alarms) 
and levels out as the FPR increases. For a perfect set of forecasts the curve follows the y-axis and 
then makes a sharp turn along TPR=1. For a random set the curve is a 1:1 line. 

 

Figure 5. ROC curve 

The Reliability Curve (Fig. 6) is constructed from percentage of rain events per forecast category (y-
axis) against the aimed percentage for each category (x-axis). It should be close to linear 1:1 if 
perfect. If the line is above the 1:1 line there is under-forecasting. If the slope is less than 1 the 
forecasts are over-confident, meaning that it predicts both too dry and too wet. In this study the 
categories are aimed at 10, 30, 60 and 90% (see section 4.1.1) and that is shown in the x-axis in all 
resulting curves in this report. 

High 
chance 
rain 

Dry 
Likely 
dry 

Rain 
likely 
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Figure 6. Example of Reliability Curve with slightly over-forecasting and over-confident for low 
forecast probabilities. 

The Integral Reliability (IR) is here defined as perfect reliability (1:1 line) minus the area of departure 
from perfect reliability. IR=100% means perfect reliability whereas 50% means no reliability or 
extreme bias. 

Brier score (BS) is a score function that measures the accuracy of probabilistic predictions. It is 
calculated as 

𝐵𝐵𝐵𝐵 = 1
𝑁𝑁

·  ∑(𝐹𝐹 − 𝑂𝑂)2,    (8) 

where N is the total number of forecasts and F is the forecast probability and O the corresponding 
observation (rain or no rain). Brier Score gives a value between 0 and 1, where 0 is perfect score. The 
above can be seen as a mean of the all forecasts where the forecast for one day may be like this: 

• If the forecast is 100% and it rains, then the Brier Score is 0, the best score achievable. 
• If the forecast is 100% and it does not rain, then the Brier Score is 1, the worst score 

achievable. 
• If the forecast is 70% and it rains, then the Brier Score is (0.70−1)2 = 0.09. 
• If the forecast is 30% and it rains, then the Brier Score is (0.30−1)2 = 0.49. 
• If the forecast is 50%, then the Brier score is (0.50−1)2 = (0.50−0)2 = 0.25, regardless of 

whether it rains. 

From this it follows that the score should be below at least 0.25 to be valuable. But it should be 
noted that the Brier score becomes inadequate for very rare (or very frequent) events. 
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5. Results 
5.1 Gridded data – forecast area 
This section presents the results from the gridded data.  

In Table 1 the number of data points are represented for the different forecasts. The number of 
included grid points are the same in the data with the same resolution (ISKA0.5° and GFS 0.5°). The 
number of data points (spatial and temporal) with certain/binary forecasts are most often lower as 
the probability percentage intervals are shorter compared to the (uncertain/probabilistic) forecasts. 
The second day forecasts show, expectedly, lower certainties by the decreased number of certain 
forecasts. In the GFS evaluation the whole active period (late April to early December) is analysed, 
hence giving more data compared to ISKA. This difference is insignificant for 2017 and 2018, but of 
importance in the comparisons for 2016. 

Table 2. Number of grids (Grid), binary data values (Bin) and probable data values (Prob). 

  ISKA 0.1° ISKA 0.5° GFS 0.5° 
  Grid Bin Prob Grid Bin Prob Grid Bin Prob 

2016 Day 1 1448 8207 58773 244 1560 9423 267 31497 12825 
Day 2 1448 3156 63824 244 414 10569 267 24550 19772 

2017 Day 1 2303 70708 306520 308 12390 46577 276 42327 21429 
Day 2 2303 54029 320936 308 9653 49008 276 34113 29643 

2018 Day 1 1795 67841 310663 277 11722 45417 276 45740 21604 
Day 2 1795 51514 326990 277 9087 48052 276 36707 30637 

 

5.1.1 Scores on certain/binary forecasts 
In the contingency table for day 1 (Table 3) it is shown that ISKA has a lot more “hits”, compared to 
GFS. Worth to notice is that ISKA almost totally lacks “misses”. However, the false alarms are in the 
range 6–14 %. Also worth to notice is that ISKA 0.5° sometimes gives higher scores compared to 0.1° 
resolution. This is due the fact that in the larger grid, the heterogeneity of the local rain showers are 
smoothed out. GFS has fewer hits, but more “correct rejections”. 2016 deviates from 2017 and 2018, 
partly due to the temporal shift of the geographical distribution, as the number of subscribers greatly 
increased during that year. The second day (Table 4) shows similar tendencies, but overall there are 
fewer “hits” in all forecasts.  

Table 3. Contingency table of the certain forecasts with percentages of hits (a), false alarms (b), 
misses (c) and correct rejections (d) for day 1. 

   Observed Rainfall 

ISKA 0.1° ISKA 0.5° GFS 0.5° 
   Yes No Yes No Yes No 

Forecasted 
Rainfall 

 
Day1 

2016 Yes 61 14 71 12 13 10 
No 0 26 0 17 14 62 

2017 Yes 30 6 26 5 9 11 
No 0 64 1 69 15 65 

2018 Yes 47 14 40 9 16 13 
No 0 39 0 51 12 60 
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Table 4. Contingency table of the certain forecasts with percentages of hits (a). false alarms (b). 
misses (c) and correct rejections (d) for day 2. 

   Observed Rainfall 

ISKA 0.1° ISKA 0.5° GFS 0.5° 
   Yes No Yes No Yes No 

Forecasted 
Rainfall 

 
Day2 

2016 Yes 34 10 38 8 15 14 
No 0 56 1 52 11 60 

2017 Yes 13 7 10 4 15 15 
No 0 81 1 86 9 61 

2018 Yes 35 15 28 10 17 15 
No 0 49 1 62 10 59 

 

In Table 5–10 the scores based on the certain forecasts (PC, HR, FAR, CSI, Bias and HSS) are 
presented. All scores are better the closer to 1, except FAR that should have low numbers. The 
overall results are that ISKA performs better compared to GFS. This is also true for the interpolated 
ISKA 0.5° forecasts. Sometimes the 0.5° resolution gives better scores than 0.1°, but this is because of 
the smoothing of the local heterogeneities of the rain showers. 

The Percent correct scores (Table 5) are between 0.84 and 0.95 for ISKA and lower, 0.74–0.76 for 
GFS. The hit rate (Table 6) shows very high values for ISKA, close to 1. GFS only gives values between 
0.37 and 0.62 and actually higher the second day. The GFS forecasts give a higher percentage of 
rainfall the second day, according to Table 4. 

Table 5. Percent correct (PC) given in ratios. “Best” values are given in bold. 

  ISKA 0.1° ISKA 0.5° GFS 0.5° 

2016 Day 1 0,86 0,88 0,75 
Day 2 0,90 0,91 0,75 

2017 Day 1 0,93 0,95 0,74 
Day 2 0,93 0,95 0,76 

2018 Day 1 0,86 0,91 0,76 
Day 2 0,84 0,90 0,76 

 

Table 6. Hit rate (HR). “Best” values are given in bold. 

  ISKA 0.1° ISKA 0.5° GFS 0.5° 

2016 Day 1 1,00 1,00 0,48 
Day 2 0,99 0,97 0,59 

2017 Day 1 0,99 0,98 0,37 
Day 2 0,98 0,95 0,62 

2018 Day 1 1,00 0,99 0,57 
Day 2 0,99 0,98 0,64 

 

False Alarm Rate (should be low) are shown in Table 7. GFS has score around 0.5 due to the fact that 
the forecast gives rain a high percentage of the time. 

The Critical success Index (Table 8) is between 0.65 and 0.85 for ISKA and between 0.25 and 0.41 for 
GFS. The CSI becomes low for GFS due to the many FAR. 
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Table 7. False Alarm Rate (FAR), should be low. “Best” values are given in bold. 

  ISKA 0.1° ISKA 0.5° GFS 0.5° 

2016 Day 1 0,19 0,15 0,44 
Day 2 0,22 0,18 0,48 

2017 Day 1 0,17 0,15 0,55 
Day 2 0,34 0,30 0,51 

2018 Day 1 0,23 0,18 0,45 
Day 2 0,30 0,26 0,46 

 

Table 8. Critical Success Index (CSI). “Best” values are given in bold. 

  ISKA 0.1° ISKA 0.5° GFS 0.5° 

2016 Day 1 0,81 0,85 0,35 
Day 2 0,77 0,80 0,38 

2017 Day 1 0,82 0,84 0,25 
Day 2 0,65 0,68 0,37 

2018 Day 1 0,77 0,81 0,39 
Day 2 0,69 0,73 0,41 

 

The bias (Table 9) should be close to 1. All forecasts over-estimate the probability for rainfall. ISKA 
has often higher values compared to GFS. Due to very few missed rainfalls, the bias is expected to be 
larger than 1. As the bias is not too large for GFS, while it has a lot of FAR, it means also that the GFS 
is not accurate in the positioning of its predicted rainfall. 

Table9. Bias (close to 1 is better). “Best” values are given in bold. 

  ISKA 0.1° ISKA 0.5° GFS 0.5° 

2016 Day 1 1,23 1,17 0,86 
Day 2 1,28 1,18 1,13 

2017 Day 1 1,20 1,15 0,83 
Day 2 1,48 1,35 1,27 

2018 Day 1 1,29 1,21 1,04 
Day 2 1,41 1,32 1,19 

 

The Heidke score (Table 10), which combines most of the earlier scores, is between 0.66 and 0.88 for 
ISKA, whereas it is between 0.24 and 0.42 for GFS. GFS is better than chance, because it is larger than 
0, but it only shows half the skill of ISKA. 

Table 10. Heidke Skill Score (HSS). “Best” values are given in bold. 

  ISKA 0.1° ISKA 0.5° GFS 0.5° 

2016 Day 1 0,69 0,66 0,35 
Day 2 0,79 0,81 0,38 

2017 Day 1 0,85 0,88 0,24 
Day 2 0,75 0,78 0,38 

2018 Day 1 0,73 0,82 0,39 
Day 2 0,69 0,77 0,42 
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5.1.2 Scores on non-binary/probabilistic forecasts 
Here the statistics based on all forecast categories are presented in the ROC and reliability curves for 
2018 (2016–2017 can be find in Appendix A–C) and the BSS and IR for all years. 

Starting with the Brier Score (Table 11) it is evident that, since the values are less than 0.25, that 
there is skill in the forecasts. GFS is though just slightly better than the skill threshold and ISKA is 
around 0.2. 

Table 11. Brier Skill Score (BSS), should be low. “Best” values are given in bold. 

  ISKA 0.1° ISKA 0.5° GFS 0.5° 

2016 Day 1 0,20 0,21 0,23 
Day 2 0,21 0,21 0,22 

2017 Day 1 0,18 0,18 0,24 
Day 2 0,20 0,20 0,22 

2018 Day 1 0,20 0,19 0,23 
Day 2 0,21 0,21 0,23 

 

For the ROC and reliability curves and in Figs 7–9 it is seen that the ISKA forecasts are very similar 
between the two resolutions but deviate from the GFS forecast significantly. The ROC curve for ISKA 
is located higher up, also giving a higher area under the curve (AUC) (Table 12). ISKA has 0.66–0.77, 
whereas GFS has 0.64–0.68, in 2016 Day 2 slightly higher than ISKA. It is worth to mention that that 
ROC can be OK even if the forecasts are not reliable. 

The reliability curve is almost parallel to the 1:1 line, indicating the neighbourhood for perfect 
forecast, for ISKA, whereas it is almost horizontal for GFS. These results are also shown in the Integral 
Reliability in Table 13, with values of 78–91% for ISKA (lower in 2016) and 61–71% for GFS. 

Table 12. Area Under Curve (AUC). “Best” values are given in bold. 

  ISKA 0.1° ISKA 0.5° GFS 0.5° 

2016 Day 1 0,72 0,72 0,67 
Day 2 0,66 0,65 0,67 

2017 Day 1 0,75 0,77 0,64 
Day 2 0,70 0,72 0,67 

2018 Day 1 0,74 0,77 0,68 
Day 2 0,69 0,72 0,67 

 

Table 13. Integral reliability (IR). “Best” values are given in bold. 

  ISKA 0.1° ISKA 0.5° GFS 0.5° 

2016 Day 1 78 83 68 
Day 2 82 89 69 

2017 Day 1 87 91 61 
Day 2 81 84 66 

2018 Day 1 83 87 71 
Day 2 81 84 68 
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Figure 7. ISKA0.1° 2018. 

 

Figure 8. ISKA 0.5° 2018 

 

Figure 9. GFS 2018. 
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5.2 Spatial distribution (maps) 
Here the 0.5° resolution ISKA forecasts and GFS forecasts are presented for 2018 (2016–2017 are 
found in Appendix B–C). 0.1 can be found in Appendix A. The larger picture is seen more easily in the 
0.5° resolution. 

For ISKA (Fig. 11–12) PC is better in the Northern part and HR is good everywhere. FAR (should be 
low) is worse along the coast and in Northern Mali. CSI shows a similar pattern, best in North Ghana 
and along 15°N in Mali. Bias overestimation along the coast and in northern Mali. HSS is rather bad in 
South Ghana but above 0.9 along 15°N in Mali as well as in Northern Ghana. The second day show 
similar patterns, but the problem areas show up more significantly (Fig. 12). 

 

Figure 11. ISKA0.5 Day 1, 2018. 

 

Figure 12. ISKA0.5 Day 2, 2018. 
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The GFS forecasts are shown in Figs. 13–14. Similar to ISKA, the trend for PC is a northward gradient. 
On the other hand, the HR is much lower and decreases to the northeast. FAR is also close to unity 
(bad) in the northern part. CSI shows the same distribution as HR, but is significantly lower. Bias is 
larger at the coast, but as for ISKA this may be due to underestimated precipitation from the NOAA 
satellite estimations. HSS is overall much smaller than for ISKA with almost no skill in the northeast. It 
performs better in the western part but still worse than ISKA. The second day show similar patterns 
but the problem areas show up more significantly. 

 

Figure 13. GFS Day 1, 2018. 

 

Figure 14. GFS Day 2, 2018. 
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5.3 Countries 
This section presents the results from the data divided into countries.  

In Table 14 the number of data points are represented for the different forecasts. The number of 
included grid points are the same in the data with the same resolution (ISKA0.5° and GFS 0.5°). The 
number of data points (spatial and temporal) with certain forecasts are most often lower due to their 
shorter percentage ranges compared to the (uncertain/likely) forecasts. The second day forecasts 
show, expectedly, lower certainties by the decreased number of certain forecasts. In the GFS 
evaluation the whole active period (late April to early December) is analysed, hence giving more data 
compared to ISKA. This difference is insignificant for 2017 and 2018, but of importance in the 
comparisons for 2016 

Table 14. Number of grids (Grid), binary data values (Bin) and probable data values (Prob).  

  ISKA 0.1° ISKA 0.5° GFS 0.5° 
  Grid Bin Prob Grid Bin Prob Grid Bin Prob 
Ghana          

2016 
Day 1 843 3970 43677 84 405 4677 84 8523 5421 
Day 2 843 2501 45146 84 251 4831 84 5944 8000 

2017 
Day 1 955 13789 146877 97 1908 17537 97 12778 9629 
Day 2 955 7151 153515 97 1015 18430 97 9416 12991 

2018 
Day 1 955 27982 189070 97 3029 19250 97 14230 9438 
Day 2 955 18857 198195 97 1966 20313 97 10396 13272 

Mali          

2016 
Day 1 762 3390 10336 167 950 3522 167 21201 6521 
Day 2 762 337 13389 167 70 4402 167 17260 10462 

2017 
Day 1 820 38608 124445 174 9199 26914 174 28885 11309 
Day 2 820 32362 130691 174 7777 28336 174 24258 15936 

2018 
Day 1 820 39626 119212 174 8628 25397 174 30801 11655 
Day 2 820 32479 126359 174 7064 26961 174 25766 16690 

 

5.3.1 Scores on certain/binary forecasts 
In the contingency table for day 1 (Table 15) it is shown that ISKA has a lot more “hits”, compared to 
GFS. Worth to notice is that ISKA almost totally lacks “misses”. However the false alarms are in the 
range 6–14 %. Also worth to notice is that ISKA 0.5° sometimes gives higher scores compared to 0.1° 
resolution. This is due the fact that in the larger grid the heterogeneity of the local rain showers are 
smoothed out. GFS has fewer hits, but more “correct rejections”. 2016 deviates from 2017 and 2018, 
partly due to the temporal shift of the geographical distribution, as the number of subscribers greatly 
increased during that year. In Mali, ISKA gave rain every day during the period with forecasts. The 
numbers for GFS are for the whole period with data (Apr to Dec), as mentioned above, so the 
number of days with forecasted rain is as low as 45% of the time. 

The second day (Table 16) shows similar tendencies, but overall there are fewer “hits” in all 
forecasts.  
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Table 15. Contingency table of the certain forecasts with percentages of hits (a), false alarms (b), 
misses (c) and correct rejections (d) for day 1. 

   Observed Rainfall 

ISKA 0.1° ISKA 0.5° GFS  Wunder-
ground 

   Yes No Yes No Yes No Yes No 
Ghana          

Forecasted 
Rainfall 

 
Day1 

2016 Yes 43 10 46 8 22 23 – – 
No 0 47 0 46 15 41 – – 

2017 Yes 56 14 56 9 13 21 – – 
No 0 30 0 35 19 47 – – 

2018 Yes 63 21 64 16 24 24 49 45 
No 0 16 0 20 14 38 2 4 

Mali          
Forecasted 

Rainfall 
 

Day1 

2016 Yes 81 19 85 15 10 5 – – 
No 0 0 0 0 14 71 – – 

2017 Yes 24 5 20 4 7 7 – – 
No 0 71 1 75 13 74 – – 

2018 Yes 35 9 31 6 12 7 – – 
No 0 56 0 62 11 70 – – 

 

Table 16. Contingency table of the certain forecasts with percentages of hits (a), false alarms (b), 
misses (c) and correct rejections (d) for day 2. 

   Observed Rainfall 

ISKA 0.1° ISKA 0.5° GFS  Wunder-
ground 

   Yes No Yes No Yes No Yes No 
Ghana          

Forecasted 
Rainfall 

 
Day2 

2016 Yes 29 8 31 6 24 29 – – 
No 0 63 1 62 10 38 – – 

2017 Yes 38 15 35 11 22 27 – – 
No 0 48 0 55 10 41 – – 

2018 Yes 50 26 49 22 24 26 48 50 
No 1 23 1 29 13 38 1 1 

Mali          
Forecasted 

Rainfall 
 

Day2 

2016 Yes 72 28 81 19 12 9 – – 
No 0 0 0 0 11 68 – – 

2017 Yes 9 5 7 3 12 11 – – 
No 0 86 1 90 8 70 – – 

2018 Yes 27 9 22 6 14 10 – – 
No 0 64 1 71 8 68 – – 

 

In Table 17–22 the scores based on the binary forecasts (PC, HR, FAR, CSI, Bias and HSS) are 
presented. The overall results are that ISKA performs better compared to GFS and Wunderground. 
This is also true for the interpolated ISKA 0.5° forecasts. Sometimes the 0.5° resolution gives better 
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scores than 0.1°, but this is because of the smoothing of the local heterogeneities of the rain 
showers. Maps of the Wunderground skills can be found in Appendix D. 

The Percent correct scores (Table 17) are between 0.73 and 0.93 for ISKA in Ghana and lower, 0.60–
0.63 for GFS. In Mali the scores are higher. 2016 stands out for ISKA, giving lower values in Mali and 
higher in Ghana, due to the different covered time periods. Wunderground has values close to 0.5. 

The hit rate (Table 18) shows very high values for ISKA, close to 1. GFS only gives values between 
0.41 and 0.70 in Ghana and 0.35 to 0.64 in Mali with higher values the second day in both countries 
as also mentioned in 5.1.2. Wunderground also has values close to 1.The GFS forecasts give a higher 
percentage of rainfall the second day in both countries, according to Table 14.  

Table 17. Percent correct (PC). “Best” values are given in bold. 

  
ISKA 0.1° ISKA 0.5° GFS  Wunder-

ground 
Ghana     

2016 Day 1 0,90 0,92 0,62 – 
Day 2 0,92 0,93 0,61 – 

2017 Day 1 0,86 0,91 0,60 – 
Day 2 0,85 0,89 0,63 – 

2018 Day 1 0,79 0,84 0,62 0.53 
Day 2 0,73 0,77 0,61 0.50 

Mali     
2016 Day 1 0,81 0,85 0,81 – 

Day 2 0,72 0,81 0,80 – 
2017 Day 1 0,95 0,96 0,80 – 

Day 2 0,95 0,96 0,81 – 
2018 Day 1 0,91 0,93 0,82 – 

Day 2 0,91 0,93 0,82 – 
 

Table 18. Hit rate (HR). “Best” values are given in bold. 

  
ISKA 0.1° ISKA 0.5° GFS  Wunder-

ground 
Ghana      

2016 Day 1 1,00 1,00 0,59 – 
Day 2 0,99 0,98 0,70 – 

2017 Day 1 1,00 1,00 0,41 – 
Day 2 1,00 1,00 0,68 – 

2018 Day 1 1,00 1,00 0,64 0.96 
Day 2 0,99 0,98 0,65 0.98 

Mali      
2016 Day 1 1,00 1,00 0,42 – 

Day 2 1,00 1,00 0,53 – 
2017 Day 1 0,98 0,97 0,35 – 

Day 2 0,96 0,92 0,58 – 
2018 Day 1 1,00 0,99 0,52 – 

Day 2 0,99 0,98 0,64 – 
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False Alarm Rate (should be low) are shown in Table 19. ISKA has low values 0.19 to 0.35 in Ghana 
and 0.17 to 0.32 in Mali. GFS has score 0.5 to 0.61 in Ghana and 0.35 to 0.49 in Mali due to the fact 
that the forecast gives rain (at wrong locations) a high percentage of the time. Wunderground has 
also values close to 0.5. 

The Critical success Index (Table 20) is between 0.65 and 0.81 for ISKA in Ghana and between 0.66 
and 0.82 in Mali. For GFS CSI is between 0.25 and 0.39 in Ghana and 0.26 to 0.44 in Mali. The CSI 
becomes low for GFS due to the many FAR. Wunderground has values close to 0.5. 

Table 19. False Alarm Rate (FAR), lower is better. “Best” values are given in bold. 

  
ISKA 0.1° ISKA 0.5° GFS  Wunder-

ground 
Ghana      

2016 Day 1 0,19 0,15 0,51 – 
Day 2 0,21 0,16 0,55 – 

2017 Day 1 0,20 0,14 0,61 – 
Day 2 0,28 0,24 0,55 – 

2018 Day 1 0,25 0,20 0,50 0.47 
Day 2 0,35 0,31 0,52 0.51 

Mali      
2016 Day 1 0,19 0,15 0,35 – 

Day 2 0,28 0,19 0,42 – 
2017 Day 1 0,17 0,16 0,49 – 

Day 2 0,32 0,31 0,48 – 
2018 Day 1 0,20 0,17 0,39 – 

Day 2 0,24 0,22 0,41 – 
 

Table 20. Critical Success Index (CSI). “Best” values are given in bold. 

  
ISKA 0.1° ISKA 0.5° GFS  Wunder-

ground 
Ghana      

2016 Day 1 0,81 0,85 0,36 – 
Day 2 0,78 0,82 0,38 – 

2017 Day 1 0,80 0,86 0,25 – 
Day 2 0,72 0,76 0,37 – 

2018 Day 1 0,75 0,80 0,39 0.51 
Day 2 0,65 0,68 0,38 0.49 

Mali      
2016 Day 1 0,81 0,85 0,34 – 

Day 2 0,72 0,81 0,38 – 
2017 Day 1 0,82 0,82 0,26 – 

Day 2 0,66 0,65 0,38 – 
2018 Day 1 0,80 0,82 0,39 – 

Day 2 0,75 0,76 0,44 – 
 

The bias (Table 21) should be close to 1. ISKA has often values comparable to GFS in Ghana but in 
Mali GFS is much lower. Due to few missed rainfalls, the bias is expected to be larger than 1. All 
forecasts over-estimate the probability for rainfall except GFS in Mali the first day and especially in 
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2016. The reason for this is that there is a significant missed rain fall cases for GFS in Mali. As the bias 
is not too large for GFS, while it has a lot of FAR, it means also that the GFS is not accurate in the 
positioning of its predicted rainfall. 

The Heidke skill score (Table 22), which combines most of the earlier scores, is between 0.46 and 
0.82 for ISKA in Ghana and in 2017 to 2018 0.77 to 0.87 in Mali. In 2016, the active period in Mali 
disqualifies HSS as better-than-chance forecast due to lack of sufficient data. For GFS HSS is between 
0.1 and 0.25 in Ghana and 0.3 to 0.43 in Mali. GFS is better-than-chance, because it is larger than 0, 
but it shows only half the skill of ISKA for the years 2017–2018. Wunderground has values very close 
to 0, indicating not significantly better- than-chance forecast; in other words the same result as 
flipping of coins. 

Table 21. Bias (close to 1 is better). “Best” values are given in bold. 

  
ISKA 0.1° ISKA 0.5° GFS  Wunder-

ground 
Ghana      

2016 Day 1 1,23 1,18 1,21 – 
Day 2 1,25 1,16 1,55 – 

2017 Day 1 1,25 1,17 1,05 – 
Day 2 1,39 1,31 1,52 – 

2018 Day 1 1,32 1,24 1,28 1.82 
Day 2 1,51 1,42 1,36 1.99 

Mali      
2016 Day 1 1,23 1,18 0,64 – 

Day 2 1,39 1,23 0,91 – 
2017 Day 1 1,18 1,15 0,67 – 

Day 2 1,41 1,33 1,11 – 
2018 Day 1 1,24 1,19 0,85 – 

Day 2 1,31 1,26 1,08 – 
 

Table 22. Heidke Skill Score (HSS). “Best” values are given in bold. 

  
ISKA 0.1° ISKA 0.5° GFS  Wunder-

ground 
Ghana      

2016 Day 1 0,80 0,84 0,22 – 
Day 2 0,82 0,85 0,23 – 

2017 Day 1 0,70 0,81 0,10 – 
Day 2 0,71 0,78 0,25 – 

2018 Day 1 0,50 0,62 0,24 0.04 
Day 2 0,46 0,55 0,22 0.01 

Mali      
2016 Day 1 0,00 0,00 0,40 – 

Day 2 0,00 0,00 0,43 – 
2017 Day 1 0,87 0,87 0,30 – 

Day 2 0,77 0,77 0,43 – 
2018 Day 1 0,82 0,85 0,45 – 

Day 2 0,79 0,82 0,50 – 
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5.3.2 Scores on probabilistic/non-binary forecasts 
Here the statistics based on ISKA0.1° and GFS are presented in the ROC and reliability curves for 2018 
(2016–2017 in Appendix E) and the Brier Skill Score (BSS) and Integral Reliability (IR) for all years and 
including ISKA0.5°. 2016 stands out, as mentioned above due to the shorter subscription seasons. 

The Brier Score in Table 23 (low is better) shows that ISKA gives 0.19 to 0.23 in Ghana and 0.16 to 
0.18 in Mali. GFS is higher with 0.27 to 0.31 in Ghana (higher than 0.25) and 0.18 to 0.20 in Mali. 
Wunderground gives 0.30 to 0.31 in Ghana (higher than 0.25).  

Table 23. Brier Skill Score (BSS), should be low. “Best” values are given in bold. 

  
ISKA 0.1° ISKA 0.5° GFS  Wunder-

ground 
Ghana     

2016 Day 1 0,20 0,21 0,31 – 
Day 2 0,19 0,18 0,28 – 

2017 Day 1 0,20 0,19 0,32 – 
Day 2 0,22 0,21 0,27 – 

2018 Day 1 0,21 0,20 0,30 0,30 
Day 2 0,23 0,22 0,29 0,31 

Mali     
2016 Day 1 NaN 0,26 0,19 – 

Day 2 NaN 0,24 0,19 – 
2017 Day 1 0,16 0,15 0,20 – 

Day 2 0,18 0,17 0,19 – 
2018 Day 1 0,17 0,16 0,18 – 

Day 2 0,18 0,17 0,19 – 
 

For the ROC and reliability curves and in Fig. 15–19 it is seen that the ISKA forecast has a ROC curve 
that is located higher up for Mali (Fig. 15–16), compared to Ghana. Also ISKA ROC are higher than for 
GFS (Fig. 17–18). The AUC (Table 24) for Mali is 0.73–0.79 for ISKA and 0.69–0.74 for GFS in 2017–
2018, and lower for ISKA in 2016. In Ghana ISKA gives 0.64–0.73, whereas GFS gives as low as 0.54–
0.57. It is worth to mention that that ROC can be OK even if the forecasts are not reliable (making it 
less useful as a single measure if not combined with reliability for a more complete picture). 
Wunderground gives 0.50–0.51 and the ROC curve can be seen in Fig. 19. 

For ISKA, the reliability curve is closer to the 1:1 line in Mali compared to Ghana (Fig. 15–16). This 
gives higher Integral Reliability (Table 25), 83–92 in Mali compared to 77–91 in Ghana. For GFS the 
scores are worse, almost horizontal Reliability curves (Fig. 17–18). Integral reliability is 55 to 63% in 
Ghana and 66 to 75% in Mali. Wunderground has similar values, 57 to 62% and an even more 
horizontal reliability curve (Fig. 19).  
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Table 24. Area Under Curve (AUC). “Best” values are given in bold. 

  
ISKA 0.1° ISKA 0.5° GFS  Wunder-

ground 
Ghana     

2016 Day 1 0,70 0,66 0,56 – 
Day 2 0,66 0,67 0,56 – 

2017 Day 1 0,72 0,73 0,54 – 
Day 2 0,66 0,67 0,57 – 

2018 Day 1 0,71 0,73 0,57 0,51 
Day 2 0,64 0,66 0,56 0,50 

Mali     
2016 Day 1 0,66 0,59 0,71 – 

Day 2 0,60 0,60 0,71 – 
2017 Day 1 0,78 0,79 0,69 – 

Day 2 0,73 0,74 0,71 – 
2018 Day 1 0,78 0,79 0,74 – 

Day 2 0,76 0,76 0,73 – 
 

Table 25. Integral reliability (%). “Best” values are given in bold. 

  
ISKA 0.1° ISKA 0.5° GFS Wunder-

ground 
Ghana     

2016 Day 1 71 67 59 0 
Day 2 72 80 60 0 

2017 Day 1 85 91 55 0 
Day 2 80 86 61 0 

2018 Day 1 80 87 63 62 
Day 2 77 83 60 57 

Mali     
2016 Day 1 NaN 80 75 – 

Day 2 NaN 89 75 – 
2017 Day 1 89 92 66 – 

Day 2 83 85 70 – 
2018 Day 1 88 91 74 – 

Day 2 89 91 73 – 
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Figure 15. ISKA0.1 for Ghana 2018. 

  

Figure 16. GFS for Ghana 2018. 

 

Figure 17. Wunderground for Ghana 2018. 
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Figure 18. ISKA0.1 for Mali 2018. 

 

 

Figure 19. GFS for Mali 2018. 

 

6. Discussion 
The outcome can be focused on the parameters Heidke Skill Score (HSS) for the binary forecasts and 
the Integral Reliability (IR) for the probabilistic forecasts. The other parameters can be used to 
understand the reasons for the results. Focus of the study has also been on the forecasts issued 
during 2017 and 2018, due to the fact that the 2016 forecast statistics are biased towards the end of 
the season (as 2016 was linked to the ongoing expansion of the number of subscribers in several 
geographical areas).  

Starting with the binary evaluation the HSS clearly shows the advantages of making rain forecasts in 
the West African area with a high resolution model (ISKA), to compare with the global, lower 
resolution model GFS. The introduction of ensemble forecasts and probability categories is one way 
to inform about the uncertainties. But also here, ISKA outperforms GFS. The Brier scores are very 
similar, but this does not give the whole truth because the Integral reliability is significantly lower for 



27 

 

GFS. One strength with the ISKA forecast is that it very seldom misses rainfall. The false alarms are 
also much lower than for GFS. The Weather Underground forecasts give just a little bit better-than-
chance predictions, similar to flipping a coin. 

The forecasts skill gets worse when approaching Sahel area. Here the rain showers are more difficult 
to predict because they are small-scale and more sporadic (cf. belt 4 in sec 2). These rain showers 
seems to be coupled to interactions with mid-latitude weather systems outside of the regional 
forecast domain and hence dependent on a good boundary forcing from GFS. Also the coastal 
forecast is worse. A problem in the evaluation is the fact that the NOAA satellite product has 
problems to resolve warm cloud precipitation. These clouds are smaller both vertically and 
horizontally, compared to the ice clouds with higher cloud tops. These showers, due to the collision–
coalescence process, are more common close to the coast where larger condensation nuclei (mainly 
sea salt) are abundant. Both ISKA and GFS forecasts can handle warm cloud precipitation so this 
means that there is a possibility that the rain is underestimated from NOAA and that the forecasts 
are better than shown in the scores. The geographical distribution also points in that direction, 
because the False Alarm Rates are large at the coasts for both ISKA and GFS. 

The present results with the GFS forecasts show some similarities with the mentioned study by Vogel 
et al. (2018). They focused on the monsoon season over West and East Sahel and Guinean Coast 
(whole south coast of West Africa). They used a threshold for dry/rain at 0.2 mm but showed that the 
statistics were not very sensitive to this choice. The skill for the untreated ECMWF ensemble is lower 
by the Guinean Coast than in West Sahel (as here comparing Ghana and Mali). ECMWF Brier Skill 
Scores (BSS) (lower is better) for Day 1 is 0.32 over W. Sahel (extending to the Senegal coast) and 
0.48 at the Guinean Coast. In the present study (year 2018) GFS gives 0.18 in Mali and 0.30 in Ghana 
(including inland parts) and ISKA0.1 gives 0.17 in Mali and 0.21 in Ghana. Vogel et al. (2018) also 
studied the effect of post-processing and by using Bayesian model averaging (BMA) (Raftery et al. 
2005; Sloughter et al. 2007) reflecting the ensemble member’s performance during a training period, 
the skill increases. Then BSS decreased to 0.18 in W. Sahel and 0.22 in Guinean Coast approaching 
the levels in the present study. The AUCs from Vogel et al. (2018) are for the unfiltered ECMWF 
forecasts 0.77 for W. Sahel and 0.61 for Guinean Coast, and the BMA 0.76 for W. Sahel and 0.68 for 
Guinean coast. This can be compared to the values here, where ISKA has 0.78–0.79 in Mali and 0.71–
0.73 in Ghana, whereas GFS has 0.69–0.74 in Mali and 0.54–0.57 in Ghana. ISKA is thus only slightly 
better, but as already mentioned ROC can be OK even if the forecasts are not reliable (making it less 
useful as a single measure if not combined with reliability for a more complete picture). 
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7. Conclusions 
This report has investigated the performance of the ISKA forecasts of daily rainfall to SMS 
subscribers, mainly in Ghana and Mali. Validation data were NOAA rainfall product and comparison 
were also done with GFS global ensemble forecasts and Wunderground forecasts. The iska forecasts 
were gridded to resemble NOAA satellite and GFS resolution (ISKA0.1 and ISKA0.5) and to avoid 
biases due to uneven geographical distribution of the subscribers. The statistics, as a weighted 
summary of 2017–2018, are presented in Table 26: 

Table 26. Weighted statistical indices for the grid points in which subscribers exist for the years 
2017–2018. “Best” values are indicated in bold. 

Parameter ISKA0.1° ISKA0.5° GFS0.5° Wunderground 
 Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 
Percent Correct 0,90 0,89 0,93 0,93 0,75 0,76 0,53 0,50 
Hit rate 0,99 0,98 0,99 0,96 0,48 0,63 0,96 0,98 
False alarm rate 0,20 0,32 0,16 0,28 0,50 0,49 0,47 0,51 
Critical success 
index 0,80 0,67 0,83 0,70 0,32 0,39 0,51 0,49 

Bias 1,24 1,45 1,18 1,34 0,94 1,23 1,82 1,99 
Heidke Skill Score 0,79 0,72 0,85 0,78 0,32 0,40 0,04 0,01 
Brier Skill Score 0,19 0,20 0,17 0,19 0,23 0,23 0.30 0,31 
AUC 0,75 0,69 0,77 0,72 0,66 0,67 0,51 0,50 
Integral Reliability 85 81 90 86 66 67 62 57 

 

To conclude: 

• The statistical analysis showed that the iska forecast outperformed the GFS forecasts and 
especially the Wunderground forecasts in all statistical parameters, both certain and 
probabilistic. 

• The statistical skills were very high in most of the area but decreased towards the Sahel 
region and also towards the coast, the latter probably an artefact of the NOAA product to 
reproduce local warm-cloud rain. 
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Appendix 
Appendix A: ISKA0.1° maps and statistics 
In this section the binary and probabilistic statistics from ISKA0.1 for the years 2016–2018 are 
presented. 

Maps of binary scores 

 

Figure A1. ISKA0.1 day 1, 2016. 

 

Figure A2.  ISKA0.1 day 2, 2016.r 
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Figure A3. ISKA0.1 day 1, 2017. 

 

Figure A4. ISKA0.1 day 2, 2017. 
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Figure A5. ISKA0.1 day 1, 2018. 

 

Figure A6. ISKA0.1 day 2, 2018. 
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Probabilistic curves 

 

Figure A7. ISKA0.1° 2016. 

 

Figure A8. ISKA0.1° 2017. 
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Appendix B: ISKA0.5° maps and statistics 
In this section the binary and probabilistic statistics from ISKA0.5 for the years 2016–2017 are 
presented. 2018 is presented in sec. 5.2. 

Maps of binary scores 

 

Figure B1. ISKA0.5 day 1, 2016. 

 

Figure B2. ISKA0.5 day 2, 2016. 
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Figure B3. ISKA0.5 day 1, 2017. 

 

Figure B4. ISKA0.5 day 2, 2017. 
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Probabilistic curves 
 

 

Figure B5. ISKA0.5 2016. 

 

 

Figure B6. ISKA0.5 2017. 
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Appendix C: GFS maps and statistics 2016–2017. 
In this section the binary statistics from GFS for the years 2016–2017 are presented. 2018 is 
presented in sec. 5.2. 

Maps of binary scores 

 

FigureC1. GFS day 1, 2016. 

 

Figure C2.GFS day 2, 2016. 
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Figure C3.GFS day 1, 2017. 

 

Figure C4.GFS day 2, 2017. 
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Figure C5. GFS 2016. 

 

Figure C6. GFS 2017. 
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Appendix D: Wunderground maps 2018 
In this section the binary statistics from Wunderground for the year 2018 is presented.  

 

Figure D1.Wunderground day 1, 2018. 

 

Figure D2.Wunderground day 2, 2018. 
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Appendix E: Countries 2016–2017  
In this section the probabilistic curves for 2016–2017 are presented. 

Ghana 2016 
 

 

Figure E1. ISKA0.1 Ghana 2016. 

 

Figure E2. GFS Ghana 2016. 
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Mali 2016 
 

 

Figure E3. ISKA0.1 Mali 2016. 

 

Figure E4. GFS Mali 2016. 
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Ghana 2017 
 

 

Figure E5. ISKA0.1 Ghana 2017. 

 

Figure E6. GFS Ghana 2017. 
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Mali 2017 
 

 

Figure E7. ISKA0.1 Mali 2017. 

 

Figure E8. GFS Mali 2017. 
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