Case Study Report

March 2010

Verification of the TIGGE and WRF Models in forecasting the
precipitation event for 3rd February 2010 over Zambia

Edson Nkonde

Supervisor

Endalkachew Bekele Biratu

NOAA/NWS/NCEP
Climate Prediction Center (CPC)
African Desk

i

Case Study Report
On
Verification of the TIGGE and WRF Models in
forecasting the precipitation event for 3rd February
2010 over Zambia

Edson Nkonde
March 2010

Supervisor
Endalkachew Bekele

NOAA/NWS/NCEP
Climate Prediction Center (CPC)
African Desk

ii

Acknowledgement
I would like to sincerely thank the NOAA/NWS and WMO for offering me a 4-month
training fellowship at the African Desk of the National Centers for Environmental
Prediction (NCEP). I thank Dr. Wasilla Thiaw for making this study possible and for
making all arrangements to make my study and stay here in the USA enjoyable.
My Sincere thanks to Mr. Endalkachew Bekele, my supervisor and tutor during my
study, for his invaluable knowledge and guidance given to me. This, I believe, will go a
long way in shaping my career as a meteorologist. I also thank Dr. Vadlamani Kumar for
his help and words of wisdom during my study.
I wish to thank the management of the Zambia Meteorological Department for the
support they rendered before and during this program.
Last but not the least; I give thanks to my fellow African Desk visitors for all the support,
advice and care rendered to me during my time at the African Desk. I hope we continue
to collaborate even when we get back home.

iii

Table of Contents
ACKNOWLEDGEMENT ................................................................................................. III
ABSTRACT ............................................................................................................... 1
1. INTRODUCTION ................................................................................................... 2
1.1. STUDY AREAS .............................................................................................. 2
2. OBJECTIVES ...................................................................................................... 2
3. DATA AND METHODOLOGY .................................................................................. 3
4. RESULTS AND DISCUSSION .................................................................................. 5
4.1. TIGGE AND WRF MODELS RAINFALL FORECAST VERIFICATION OVER SOUTHERN
AFRICA ................................................................................................................. 5
4.1.1. TIME SERIES .......................................................................................... 5
4.1.2. MEAN ERROR ......................................................................................... 5
4.1.3. ROOT MEAN SQUARE ERROR ................................................................... 5
4.1.4. TIME CORRELATION ................................................................................ 6
4.2. PERFORMANCE IN SIMULATING 3RD FEBRUARY RAINFALL EVENTS OVER ZAMBIA . 13
4.2.1. RAINFALL FORECASTS ............................................................................... 13
4.2.2. BIAS .................................................................................................... 14
4.3. RAIN-BEARING MECHANISMS FOR THE 3RD FEBRUARY 2010 RAINFALL EVENT . 18
4.4. SURFACE LEVEL .......................................................................................... 18
4.4.1. MEAN SEA LEVEL PRESSURE .................................................................. 18
4.4.2. COLUMN OF PRECIPITABLE W ATER .......................................................... 19
4.4.3. 850MB LEVEL ........................................................................................ 19
4.4.4. 500MB LEVEL ........................................................................................ 19
4.4.5. 200MB LEVEL ........................................................................................ 20
4.5. BASIC VERIFICATION STATISTICAL GRAPHS FOR PRECIPITATION ........................ 36
5. CONCLUSIONS .................................................................................................. 40
7. REFERENCES .................................................................................................... 41

iv

Abstract
In this case study, attempt was made to verify the performances of the TIGGE and WRF
models in simulating rainfall over southern Africa for the period from 1st November 2009
to 10th February 2010, with 24 and 48 hrs lead time. We have tested the skills of the
models in forecasting heavy rainfall event, in excess of 40mm per day. Special
emphasis was given to rainfall event that occurred on the 3rd of February 2010 over
Zambia. The associated atmospheric conditions prior and during the rainfall event were
also analyzed, both in analysis and forecasted fields.
Over Southern Africa, all the models followed the general pattern of the observed
rainfall but missed extreme rainfall events, with the BOM model under forecasting
throughout the period. The overall statistical verification methods indicate good
performance for the ECWMF model over southern Africa while showing that the BOM
model underperformed.
For the 3rd February rainfall events over Zambia, the CPC/RFE performed well in
estimating rainfall amount and distribution over Zambia. The model evaluation for the
rainfall event of 3rd February, 2010 indicates the NCEP model performed better in
capturing the pattern of events as compared with the other TIGGE models. The NCEP
model had minimum errors overall and showed a better correlation between the
observed and forecasted rainfall over Zambia. The NCEP model consistently performed
well with all the statistical verification tests carried out over Zambia.
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1. Introduction
Studies have shown that NWP models and their forecasts are subject to biases and
errors due to imperfect model physics, initial conditions, and boundary conditions
(Idowu O. S. and Rautenbach C. J. Dew). It is therefore necessary to compare the
model forecast output with observations so as to design corrective measures. In this
case study, the performance of the TIGGE models and the WRF model in capturing the
precipitation event, of over 40mm per day of rainfall, which occurred on 3rd February
2010 over Zambia, and the general performance of the models over southern Africa for
the period from 1st November 2010 to 10th February 2010 is done. The TIGGE models
include BOM (Australia), CMC (Canada), ECMWF (Europe), NCEP (USA) and UKMO
(UK).

1.1.

Study Areas

Figure 1.1 The Study Area showing Southern Africa and Zambia

The general study area was southern Africa with special focus on the 3rd February
2010 rainfall events over Zambia.

2. Objectives
The major objectives of this study are;
to evaluate the performance of the TIGGE and WRF models over southern Africa
for the period 1st November to 10th February 2010 and
to evaluate the performance of the TIGGE in simulating a rainfall event
exceeding 40mm per day of rainfall over Zambia.
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3. Data and Methodology
3.1. TIGGE data
The TIGGE models data was downloaded with 00Z cycle base time, 6-hourly time step
and resolution of 0.5X0.5 degrees, and went up to 78hours. The data was downloaded
from TIGGE/ECMWF website (TIGGE) in grib2 format. The TIGGE models forecast
data consisted of accumulated precipitation, Mean Sea Level Pressure (MSLP),
Total Column Water, 850mb winds, 500mb temperature and geopotential height, and
the 200mb winds forecasts.
3.2. WRF model data
The WRF model run data over southern Africa was downloaded from the CPC Safariexport folder and re-gridded to 0.5X0.5deg resolution. The WRF model data was
included accumulated precipitation, Mean Sea Level Pressure (MSLP),
Total Column Water, 850mb winds, 500mb temperature and geopotential height, and
the 200mb winds forecasts.
3.3. RFE data
The 0.1X0.1 RFE daily precipitation analysis data contained rainfall estimates over
Africa and was downloaded from NCEP/CPC/FEWS ftp server (FEWS) and then regridded to 0.5X0.5deg resolution. Its file format was binary.
3.4. GDAS analysis data
The 0.5X0.5deg GDAS analysis data consisted of MSLP, 850mb and 200mb wind,
500mb geopotential height and temperature, and was used for verification purposes.
This data was downloaded from the NOMADS data server (NOMADS) and was in grib
format.
3.5. Rainfall gauge data
The daily gauge precipitation data from 34 stations over Zambia was used to verify the
performance of the CPC/RFE over Zambia and was obtained from the Zambia
Meteorological Department. The general area of analysis was southern Africa with focus
over Zambia.
3.6. Methods of data Analysis
The data analysis was twofold; firstly, verifying the performance of the models over
southern Africa, for the period from 1st November 2009 to 10th February 2010, and
secondly, determining the performance of the models in simulating a wide spread
rainfall event, with a threshold of 40mm per day of rainfall, over Zambia. The standard
statistical verification methods of deterministic forecasts used in this study included,
Mean Error (Bias),
Root Mean Square Error,
Spatial correlation, and
Hanssen and Kuipers discriminant (true skill statistic, Peirces's skill score-HK)
These verification procedures were obtained from the National Prediction Verification
Unit statistical verification document (NPVU/HPC/NCEP), International Forecast
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Verification Workshop Report (verification report) and ECMWF website (The verification
of ECMWF forecasts)
3.7. Mean Error (ME) (bias)
This score is the mean of the arithmetic differences between the observations and
forecasts in an interval. The score is a measure of forecast bias, where positive values
denote over forecasting, negative values denote under forecasting, and zero indicates
no bias. The mean error does not provide information of the forecast errors. A zero
mean error score does not exclude very large and compensating errors of opposite
signs.

Root Mean Square Error (RMSE)
The most common accuracy measure is the Root Mean Square Error (RMSE). This
score is the square root of the mean of the squared differences between the
observations and forecast in the interval. The score provides a good measure of the
accuracy of a QPF product (TIGGE) while giving a greater weight to the larger
differences than the MAE does. The closer the RMSE is to zero the better the accuracy.

Spatial Correlation:
This defines the level of correspondence between model forecasts and observation over
the domain. The spatial correlation between the model forecasts (f) and RFE (O) can be
computed from the formula of Pearson’s correlation coefficient as

The variables in the equation presented in this section are explained below:
: 24h rainfall forecasted by TIGGE at a given grid point.
: 24h rainfall estimated by RFE method, taken as observed at a given grid point.
N: number of days during the verification period
Hanssen and Kuipers discriminant:
The Hanssen and Kuipers score separates the events from non-events. HK is a
measure of accuracy of a model on how it captures extreme events.
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4. Results and Discussion
Results and discussion are presented in two sections with the following headings:
TIGGE and WRF models performance Verification over Southern Africa
TIGGE and WRF models Performance in simulating Rainfall events over Zambia
4.1. TIGGE and WRF models rainfall forecast Verification over Southern Africa
To verify the performance of the models in capturing rainfall patterns over southern
Africa, RFE was used as an alternative for rain gauge data. Graphs and maps were
derived from the comparison of the TIGGE and WRF forecasts, with the RFE and are
presented in figures 4.1(a) to 4.7(b). In figures 4.1(a) to 4.4(b), daily values are
averaged over the southern Africa taking the region as a single point. For the maps in
figures 4.5(a) to 4.7(b), each grid point value is an average of daily values from 1 st
November 2009 to 10th February 2010.
4.1.1. Time Series
Figures 4.1(a) and 4.1(b) shows the time series of CPC RFE daily values averaged over
southern Africa as well as daily rainfall forecast, averaged over the same region, for the
TIGGE and WRF models, for the period from 1st November 2009 to 10th February
2010. All the models were able to follow the general pattern of the observed rainfall.
However the BOM model tended to under forecast rainfall throughout the period.
Besides, all models missed extreme rainfall events.

4.1.2. Mean Error
Figures 4.2(a) and 4.2(b) shows the mean error (bias), averaged over the southern
Africa, for TIGGE and the WRF models with 24 and 48hour lead times, respectively.
The graphs also show the monthly mean error (bias) for November, December 2009
and January, February 2010. Generally, the graphs indicate a relatively better
performance for the ECWMF model while the BOM model tends to under forecast
rainfall over southern Africa.
In T+24 and T+48, the bias averaged over the period from 1 st November 2009 to 10th
February 2010, the BOM model showed dry bias over the all southern Africa region with
values over Zambia tending to be more negative, as can be seen in Figures 4.5 (a) and
4.5(b). On the other hand, NCEP, UKMO, CMC, ECMWF and the WRF models
displayed wet bias over much of southern Africa with highest wet bias values occurring
over Zambia, DRC, and Angola in both T+24 and T+48 forecasts.

4.1.3. Root Mean Square Error
For the root mean square error averaged over southern Africa, ECMWF had minimum
error in both the T+24 and T+48 forecasts while, BOM had the highest error in T+24
with the UKMO producing the highest error in T+48 forecasts, as shown in Figures
4.3(a) and 4.3(b). Furthermore, the error in the models forecast output showed a
general increase in the T+48 except for BOM which showed a decrease.
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In T+24 and T+48, the root mean square error averaged over the period from 1 st
November 2009 to 10th February 2010, the BOM showed minimum errors over southern
Africa as compared to the other models. Moreover, the other TIGGE models and the
WRF model had high error values spread over many places over the region with the
WRF model showing largest errors. In addition, all models depicted their highest error
values over Gabon as can be seen in Figures 4.6 (a) and 4.6 (b)

4.1.4. Time Correlation
Figure 4.4(a) shows that ECMWF and UKMO had the highest time correlation
coefficient in T+24 while Figure 4.4(b) indicates that UKMO had the highest correlation
in T+48. Figure 4.4(a) and Figure 4.1(b) both show that In T+24 and T+48, the BOM
exhibited low correlation coefficients. A decrease in the correlation coefficients in T+48
in all the models is appears in Figure 4.4(b).
For the time correlation averaged over the period from 1st November 2009 to 10th
February 2010, all the models showed high correlation values over coastal areas of
Namibia, northeast Mozambique, southwest Angola and Tanzania in T+24 and T+48.
The NCEP model had high correlation values over Zambia in T+24.

Daily Rainfall Forecast with 24 hr Lead Time + RFE Daily Rainafall Estimates
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Figures 4.1(a) Daily Rainfall Forecast with 24Hr Lead Time showing TIGGE and WRF Models
Forecast and CPC/RFE
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Daily Rainfall Forecast with 48 hr Lead Time + RFE Daily Rainafall Estimates
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Figures 4.1(b) Daily Rainfall Forecast with 48Hr Lead Time showing TIGGE and WRF Models
Forecast and CPC/RFE
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Figures 4.2(a) Mean Error for the TIGGE and WRF Models with 24Hr Lead Time Forecast

7

Mean Error (BIAS) With 48hr Lead time
7.00

5.00

Mean error (bias)

3.00

1.00

BOM

CMC

ECMWF

NCEP

UKMO

WRF

-1.00

-3.00

-5.00

-7.00
Selected TIGGE Models

Figures 4.2(b) Mean Error for the TIGGE and WRF Models with 48Hr Lead Time Forecast
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Figures 4.3(a) Root Mean Square Error (RMSE) for the TIGGE and WRF Models with 24Hr Lead
Time Forecast
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Figures 4.3(b) Root Mean Square Error (RMSE) for the TIGGE and WRF Models with 48Hr Lead
Time Forecast
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Figures 4.4(b) Correlation Coefficient for the TIGGE and WRF Models with 24Hr Lead Time
Forecast
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0.80

0.70

0.60

Corr. Coef

0.50

0.40

0.30

0.20

0.10

0.00
BOM

CMC

ECMWF

NCEP

UKMO

WRF

Selected TIGGE models

Figures 4.4(b) Correlation Coefficient for the TIGGE and WRF Models with 48Hr Lead Time
Forecast
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Figures 4.5(a) Bias averaged over the period, 1 November 2009 to 10 February 2010 for the
TIGGE and the WRF models with 24Hr Lead Time
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Figures 4.5(b) Bias averaged over the period, 1 November 2009 to 10 February 2010 for the
TIGGE and the WRF models with 48Hr Lead Time
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Figures 4.6(a) RMSE averaged over the period, 1 November 2009 to 10 February 2010 for the
TIGGE and the WRF models with 24Hr Lead Time
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Figures 4.6(b) RMSE averaged over the period, 1 November 2009 to 10 February 2010 for the
TIGGE and the WRF models with 48Hr Lead Time

Figures 4.7(a) Time Correlation averaged over the period, 1st November 2009 to 10th February
2010, for the TIGGE and the WRF models with 24Hr Lead Time
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Figures 4.7(b) Time Correlation averaged over the period, 1st November 2009 to 10th February
2010, for the TIGGE and the WRF models with 48Hr Lead Time

4.2. Performance in simulating 3rd February Rainfall events over Zambia
Two rainfall events, on the southeast and northwest of Zambia, on the 3 rd of February
2010, had in excess of 40mm of rainfall per day making this day a good pick for this
study. Figure 4.9 shows these rainfall events over Zambia.
To verify the performance of the CPC/RFE over Zambia for the 3rd February 2010, the
estimated daily accumulated rainfall data was plotted for the period 1st February to 6th
February 2010 and overlaid with rain gauge data from 34 stations and then compared.
Generally, the CPC/RFE simulated the rainfall distribution and amounts very well
making it a good replacement for gauge data in this study. This can be seen in Figure
4.9.
4.2.1. Rainfall forecasts
Figures 4.10(a) and 4.10(b) show the TIGGE models rainfall forecast together with the
corresponding RFE for the T+24 and T+48 forecasts respectively. The NCEP model
was able to capture the general pattern of rainfall distribution, over Zambia, but tended
to under forecast the rainfall amount In T+24 while in T+48, the model only showed the
event in the southeast of Zambia. On the other hand, the UKMO model was able to
simulate the event, in southeast Zambia, in pattern and rainfall amount while missed the
event in the northwestern part in the T+24 and T+48 forecasts. The other TIGGE
models missed the distribution pattern and the amounts of the rainfall events in T+24
and T+48 forecasts.
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The WRF model forecast depicted the rainfall events for the 3rd February 2010 relatively
near to the position of the observed events in the T+24 while in the T+48, the model
missed the event in the northwest of Zambia only capturing the event in the southeast,
as can be seen in figures 4.11(a) and 4.11(b). On the 2nd and 4th February 2010, the
WRF model tended to over forecast, simulating rainfall of over 50mm per day, on both
days. The dark red color indicates high rainfall amounts.

4.2.2. Bias
The NCEP model performed well in T+24 and T+48 forecasts as compared with other
models. BOM, CMC and ECMWF all gave dry biases in T+24 and T+48 forecasts. In
addition, the UKMO and WRF models showed wet bias over the southeast while
depicting dry bias over the northwest in T+24 and T+48 forecasts.

Figure 4.8, 3 hourly Satellite images showing the cloud development over Zambia from 0000Z of
03rd February 2010 to 090Z of 4th February 2010 (satellite Images from CPC/African desk)
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Figures 4.9 CPC/RFE rainfall estimates overlaid with station rain gauge data over Zambia

Figures 4.10(a) CPC/RFE rainfall estimates and TIGGE models with 24Hr lead Time forecasts for
rd
the 3 February 2010 over Zambia
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Figures 4.10(b) CPC/RFE rainfall estimates and TIGGE models with 48Hr lead Time forecasts for
rd
the 3 February 2010 over Zambia

Figure 4.11(a) CPC/RFE rainfall estimates and WRF model with 24Hr lead Time forecasts for the
nd
rd
th
2 , 3 and 4 February 2010 over Zambia
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Figure 4.11(b) (a) CPC/RFE rainfall estimates and WRF model with 48Hr lead Time forecasts for the
nd
rd
th
2 , 3 and 4 February 2010 over Zambia

rd

Figure 4.12b) (a) Bias for the TIGGE models for 3 February 2010 over Zambia with 24Hr Lead
Time
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rd

Figure 4.12b) Bias for the TIGGE models for 3 February 2010 over Zambia with 48Hr Lead Time

4.3. Rain-bearing Mechanisms for the 3rd February 2010 Rainfall event
Atmospheric conditions during the 3rd of February 2010 rainfall events over Zambia are
discussed in this section. This includes, the Mean Sea Level Pressure and Column of
Precipitable Water, the 850mb level zonal (u) and meridional (v) wind flow patterns, the
500mb level Geopotential height and temperature, and the 200mb level zonal (u) and
meridional (v) winds.
4.4. Surface Level

4.4.1. Mean Sea Level Pressure
A low mean sea level pressure value, over a given area, is one of the factors that can
lead to precipitation.
Figures 4.12(a) and 4.12(b) show the comparison of TIGGE models with GDAS analysis
for the Mean Sea Level Pressure forecasts. The BOM and UKMO models forecasted
low pressure (<1004mb) values for the western and central parts of Zambia in T+24
forecast while the UKMO model covered whole country T+48 forecast. The other
models gave pressure values consistent with the GDAS analysis, with the NCEP and
CMC having a good fit with the GDAS analysis.
Figures 4.13(a) and 4.13(b) display the GDAS analysis and the WRF model Mean Sea
Level Pressure forecast for the 2nd, 3rd and 4th of February 2010. The WRF model
forecasted deeper pressure levels (<1000mb) for all the three days, as compared to the
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GDAS analysis, in the T+24 and the T+48. The T+24 forecasts positioned the low
pressure area in the same location as the rainfall events for the 3 rd and 4th February
2010.

4.4.2. Column of Precipitable Water
Precipitable water is the amount of water that is available, in the atmosphere, to fall as
precipitation when atmospheric dynamic conditions are met. The figures below show
comparisons between the GDAS analysis (observation) and, TIGGE and WRF models
forecast outputs for Column of Precipitable water for the 3rd of February 2010.

4.4.3. 850mb Level
The 850mb level is good for identifying low level convergence or divergence and also
checking whether the prevailing wind over an area is from a moist source. Convergence
of winds from a moist source gives high likelihood of precipitation over an area.
The figures 4.17(a) to 4.17(d) show comparisons between the GDAS analysis
(observation) and, TIGGE and WRF models forecast outputs for winds for the 3rd of
February 2010. The figures indicate the TIGGE and WRF forecasted zonal (u) and
meridional (v) wind flow patterns. The red colors indicate strong easterlies (zonal flow)
and strong northerlies (meridional flow). The blue colors depict strong westerlies (zonal
flow) and strong southerlies (meridional flow).
In general, the NCEP, UKMO and the ECMWF models forecasted strong westerlies and
easterlies in the north and south of Zambia, respectively, indicating a cyclonic shear
zone over Zambia, conducive for precipitation, in both the T+24 and T+48 forecasts.
This is also indicated by the GDAS analysis. On the other hand, all the models indicated
weak northerlies and southerlies in the meridional flow pattern in T+24 and
T+48forecasts. Furthermore, all the models agreed with the GDAS analysis by showing
that the zonal winds turning over Zambia were emanating from moist sources; the
Indian Ocean in the east and the Atlantic Ocean in the west.
Figure 4.18 (a) to 4.18(d) shows the WRF model forecasts for 2nd, 3rd and 4th February
compared with the GDAS analysis for the same dates. In general, the WRF model
performed well, in depicting the zonal flow pattern for the 2nd and the 3rd February and
tended to forecast very strong easterlies over southern Zambia on the 4 th in the T+24
and T+48 forecasts. However, the maximum wind intensities predicted on the 3rd were
closer to the GDAS analysis than the other days. Besides, the WRF model depicted
very strong northerlies in T+24 and T+48 forecast, for the meridional flow. The WRF
model also showed that the easterlies and the westerlies were coming from, the Indian
and Atlantic oceans, respectively, sources of moisture.

4.4.4. 500mb Level
The 500mb level is important because it is very close the level of non-divergence. It
easily depicts the motion of weather systems. Figures 4.19(a) and 4.19(b) shows
comparisons between the GDAS analysis (observation) and, TIGGE and WRF models
forecast outputs for Geo potential and Temperature for the 3rd of February 2010.
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Geopotential height
Low geopotential height, over an area, is a good indication of upward air motion and
hence precipitation. Figures 4.19(a) and 4.19(b) shows the GDAS analysis and the
TIGGE models forecasts for the T+24 and T+48 forecasts. In T+24, the CMC, ECMWF,
and the UKMO performed well in capturing the low geopotential height (<5860gpm) over
central and western Zambia, while NCEP had the low Geopotential height zone slightly
shifted southeast of Zambia as compared with the GDAS analysis. In T+48, CMC had a
better forecast over Zambia comparable with the GDAS analysis.
Figures 4.20(a) and 4.20(b) indicates the GDAS analysis and the WRF model forecast
for the 2nd, 3rd and 4th February 2010. The WRF model did fairly well in simulating the
Geopotential height over Zambia especially the low Geopotential height (<5860gpm)
spot over western Zambia in the T+24 and T+48 forecasts. However, the model tended
to slightly widen the spot of low Geopotential height.
Temperature
Anomalous cold temperature at the 500mb indicates unstable condition that may lead to
precipitation formation. Figures 4.21(a) and 4.21(b) shows the GDAS analysis and the
TIGGE models temperature forecasts for 3rd February 2010. The NCEP model
performed well in forecasting the 500mb level temperature over Zambia for the T+24
and T+48 forecasts. The other models forecasted slightly higher temperatures (>-3)
over Zambia in T+24 and T+48 forecasts as compared with the GDAS analysis.
Figures 4.22(a) and 4.22(b) indicates the GDAS analysis and the WRF model 500mb
temperature forecasts for the 2nd, 3rd and 4th February 2010. All in all, the WRF model
did well in capturing the 500mb temperature over Zambia in T+24 and T+48 forecasts.
The general tendency of the model was to lower the temperature (<-3) for the 2nd and
3rd days while forecasting higher temperature (>-3) over the northwestern on the 4th of
February 2010, as compared with the GDAS analysis.

4.4.5. 200mb Level
Anticyclonic circulation at the 200mb together with lower level convergence may lead to
precipitation events. Figures 4.23(a) to 4.23(d) compares the GDAS analysis
(observation) and the TIGGE models forecasts for the zonal (u) and meridional (v)
winds for the 3rd of February 2010. The red colors indicate strong easterlies (zonal flow)
and strong northerlies (meridional flow). The blue colors depict strong westerlies (zonal
flow) and strong southerlies (meridional flow).
Generally, the NCEP simulated the zonal wind flow pattern as well as intensities in the
T+24 and T+48 forecasts over Zambia fairly well. The model, however, tended to
intensify the easterlies over southern DRC as compared with the GDAS analysis.
Moreover, all the models depicted the anticyclonic circulation, over Zambia in the T+24
and T+48 forecasts, supportive of low level convergence and precipitation.
The NCEP captured the meridional flow pattern and wind intensity patterns in the T+24
forecast. The other models forecasted the general anticyclonic circulation but tended to
either increase or decrease the wind intensities over the Atlantic Ocean.
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The WRF model forecasted the anticyclonic circulation over Zambia, in both the zonal
and meridional flow patterns, for all the three days very well. However, the model
increased the easterly wind intensities, over the DRC, in T+24 and T+48 forecasts
compared with the GDAS analysis. This is shown in figures 4.24(a) and 4.24(b).

Figure 4.13(a) GDAS analysis and the TIGGE models forecasts, with 24Hr Lead Time, for
rd
the Mean Sea Level Pressure for 3 February 2010
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Figure 4.13(b) GDAS analysis and the TIGGE models forecasts, with 48Hr Lead Time, for
rd
the Mean Sea Level Pressure for 3 February 2010

Figures 4.14(a) GDAS analysis and the WRF model forecasts, with 24Hr Lead Time, for the
nd rd
th
Mean Sea Level Pressure for 2 3 and 4 February 2010
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Figures 4.14(b) GDAS analysis and the WRF model forecasts, with 48Hr Lead Time, for the
nd rd
th
Mean Sea Level Pressure for 2 3 and 4 February 2010

Figures 4.15(a) GDAS analysis and the TIGGE models forecasts, with 24Hr Lead Time, for
rd
the column of Precipitable Water for 3 February 2010
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Figures 4.15(b) GDAS analysis and the TIGGE models forecasts, with 48Hr Lead Time, for
rd
the column of Precipitable Water for 3 February 2010

Figures 4.16(a) GDAS analysis and the WRF model forecasts, with 24Hr Lead Time, for the
nd rd
th
Column of Precipitable Water for 2 3 and 4 February 2010
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Figures 4.16(b) GDAS analysis and the WRF model forecasts, with 48Hr Lead Time, for the
nd rd
th
Column of Precipitable Water for 2 3 and 4 February 2010

Figures 4.17(a) GDAS analysis and the TIGGE models forecasts, with 24Hr Lead Time, for
rd
the 850u winds for 3 February 2010
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Figures 4.17(b) GDAS analysis and the TIGGE models forecasts, with 48Hr Lead Time, for the 850u
winds for 3rd February 2010

Figures 4.17(c) GDAS analysis and the TIGGE models forecasts, with 24Hr Lead Time, for the 850v
winds for 3rd February 2010
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Figures 4.17(d) GDAS analysis and the TIGGE models forecasts, with 48Hr Lead Time, for the 850v
winds for 3rd February 2010

Figures 4.18(a) GDAS analysis and the WRF model forecasts, with 24Hr Lead Time, for the
nd rd
th
850u winds for 2 3 and 4 February 2010
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Figures 4.18(b) GDAS analysis and the WRF model forecasts, with 48Hr Lead Time, for the
nd rd
th
850u winds for 2 3 and 4 February 2010

Figures 4.18(c) GDAS analysis and the WRF model forecasts, with 24Hr Lead Time, for the
nd rd
th
850v winds for 2 3 and 4 February 2010
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Figures 4.18(d) GDAS analysis and the WRF model forecasts, with 48Hr Lead Time, for the
nd rd
th
850v winds for 2 3 and 4 February 2010

Figures 4.19(a) GDAS analysis and the TIGGE models forecasts, with 24Hr Lead Time, for the
500mb Geopotential Height for 3rd February 2010
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Figures 4.19(b) GDAS analysis and the TIGGE models forecasts, with 48Hr Lead Time, for the
500mb Geopotential Height for 3rd February 2010

Figures 4.20(a) GDAS analysis and the WRF model forecasts, with 24Hr Lead Time, for the
nd rd
th
500mb Geopotential Height for 2 3 and 4 February 2010
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Figures 4.20(b) GDAS analysis and the WRF model forecasts, with 48Hr Lead Time, for the
nd rd
th
500mb Geopotential Height for 2 3 and 4 February 2010

Figures 4.21(a) GDAS analysis and the TIGGE models forecasts, with 24Hr Lead Time, for the
500mb Temperature for 3rd February 2010
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Figures 4.21(b) GDAS analysis and the TIGGE models forecasts, with 48Hr Lead Time, 500mb
Temperature for 3rd February 2010

Figures 4.22(a) GDAS analysis and the WRF model forecasts, with 24Hr Lead Time, for the 500mb
Temperature for 2nd 3rd and 4th February 2010
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Figures 4.22(b) GDAS analysis and the WRF model forecasts, with 48Hr Lead Time, for the
nd rd
th
500mb Temperature for 2 3 and 4 February 2010

Figures 4.23(a) GDAS analysis and the TIGGE models forecasts, with 24Hr Lead Time, for the 200v
winds for 3rd February 2010
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Figures 4.23(b) GDAS analysis and the TIGGE models forecasts, with 48Hr Lead Time, for the 200v
winds for 3rd February 2010

Figures 4.23(c) GDAS analysis and the TIGGE models forecasts, with 24Hr Lead Time, for the 200v
winds for 3rd February 2010
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Figures 4.23(d) GDAS analysis and the TIGGE models forecasts, with 48Hr Lead Time, for the 200v
winds for 3rd February 2010

Figures 4.24(a) GDAS analysis and the WRF model forecasts, with 24Hr Lead Time, for the
nd rd
th
200v winds for 2 3 and 4 February 2010
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Figures 4.24(b) GDAS analysis and the WRF model forecasts, with 48Hr Lead Time, for the
nd rd
th
200v winds for 2 3 and 4 February 2010

4.5. Basic Verification Statistical graphs for Precipitation
Mean error, root mean square error and spatial correlation were produced for the
TIGGE and WRF models 3rd February forecasts. The models Rainfall forecasts were
compared with RFE daily accumulated estimates. The verification graphs are shown in
figures 4.25(a) to 4.25(f)
4.5.1. Mean Error (Bias)
All models had dry bias in T+24 forecasts with BOM having the largest dry bias value
and UKMO the least dry bias value. In the T+48 forecast, NCEP, CMC and BOM
performed better than the other models.UKMO and WRF had large wet bias values
while ECMWF had large dry bias value.
4.5.2. Root Mean Square Error
NCEP had the least errors of about 18mm in T+24 and T+48 forecasts.
4.5.3. Correlation
NCEP had the highest correlation (0.6) while ECMWF had the least correlation (-1) in
T+24. In T+48, WRF had the best correlation (0.3) while CMC had the least correlation
(-0.2).
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Figures 4.25(a) Mean Error for the TIGGE and WRF Models with 24Hr Lead Time Forecast for the
rd
3 February 2010
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Figures 4.25(b) Mean Error for the TIGGE and WRF Models with 48Hr Lead Time Forecast for the
rd
3 February 2010
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Figures 4.25(c) Root Mean Square Error (RMSE) for the TIGGE and WRF Models with 24Hr Lead
rd
Time Forecast for the 3 February 2010
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Figures 4.25(d) Root Mean Square Error (RMSE) for the TIGGE and WRF Models with 48Hr Lead
rd
Time Forecast for the 3 February 2010
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Figures 4.25(e) Spatial Correlation for the TIGGE and WRF Models with 24Hr Lead Time Forecast
rd
for the 3 February 2010
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Figures 4.25(f) Spatial Correlation for the TIGGE and WRF Models with 48Hr Lead Time Forecast
rd
for the 3 February 2010
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5. Conclusions
5.1. Performance over Southern Africa
- All the models followed the general pattern of the observed rainfall but missed
extreme rainfall with the BOM model under forecasting throughout the period.
-

Overall, the statistical verification methods indicate good performance for the
ECWMF model over southern Africa while showing that the BOM model under
forecasted.

5.2. Performance in simulating 3rd February Rainfall events over Zambia
- For the period 1st to 6th February 2010, the CPC/RFE performed well in
estimating rainfall amount and distribution over Zambia.
-

Overall, the NCEP model performed better in capturing the pattern of events on
the 3rd of February 2010 as compared with the other TIGGE models.

-

NCEP had minimum errors overall and showed a better correlation over Zambia.
The model consistently performed well with all the statistical verification tests
carried out.

5.3. General conclusion
-

In general, the NCEP and ECMWF models are found to be better in predicting
moderate to heavy rainfall events over Southern Africa, including Zambia.

-

Hence, these two global models can be used as initial and boundary condition
data sources in regional modeling studies over southern Africa.

6. Recommendations
It is recommended that further verification of the performance of the CPC/RFE over
Zambia and southern Africa be carried out, taking longer data range.
There is a need to investigate the performance of the TIGGE models over longer
periods. Further investigations should also be extended to the performance of the
TIGGE ensemble forecasts over Zambia and southern Africa.
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