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Introduction
The main purpose of this milestone was to ensure all partners are using recognised
forecast verification methods. The idea of Tier-2 validation1 is that a reference
forecast is used to drive the impacts model, here such a reference forecast could be
ERA-40 reanalysis, and this reference is assumed to be the perfect forecast. The
output from the impacts model is then driven with the probabilistic re-forecasts i.e.
DEMETER or ENSEMBLES seasonal integrations and the output form these model
runs is verified, as an impact value e.g. crop yield, malaria transmission risk, wind
risk etc., using a method suitable for probabilistic forecast verification. This is a
paradigm shift in assessing forecast skill as the traditional method is to verify
meteorological variables in the forecasts with meteorological variables which is called
a Tier-1 validation. Tier-3 validation is where the re-forecast driven impacts models’
probabilistic output is validated.
Results
At the start of the project the verifications used by the partners was patchy and few
has experience of probabilistic verification. At this stage all the active partners are
using relevant verification techniques. Some have looked at Toer-2 and Toer-3 whilst
a few have move directly into Tier-3 validation.
MeteoSwiss (Paul Della-Marta and Mark Liniger) have been active in using Tier-2
validation for the validation of wind storm impacts in Europe and UNILIV (Anna
Jones and Andy Morse) have used Tier-2 validation to test a malaria model in
epidemic regions in Africa.
MeteoSwiss have undertaken a number of comparisons between the raw fields and
selected wind storm (WS) events in ECMWF system2 s2d, system 3 s2d and ERA40
for the parameters; 10m wind gust (WG), and geostrophic wind speed (GWS) at
850hPa. Preliminary comparisons of insurance losses using the Swiss Re loss model
have been made. The results are preliminary since there are a number of issues to be
resolved in the use of s2d data and its calibration with the Swiss Re operation dataset.
The results below can be thought of as a tier 2 validation of wind climatologies
between reanalysis and s2d.
Figure 1 shows a comparison of the 100 year return level of wind speed in ERA40
reanalysis and system 2 and 3 s2d data. Figures 1a and 1b show the 100 year return
level of 10m wind gust (WG) in ERA40 and system2 s2d data respectively. These
climatologies of extreme events are quite similar in magnitude over the North Atlantic
Ocean; however they differ substantially over western Europe and in areas of complex
orography and/or topography. Further investigation of wind gust values in these areas
revealed that these data were unsuitable to be used in the Swiss Re storm loss user
model; therefore these data had to be removed from further calculations.
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Figures 1c and 1d show the 100 year return level of geostrophic wind speed (GWS) at
850hPa in ERA40 reanalysis and system 2 s2d data respectively. The ERA40 GWS
was spectrally truncated to the same resolution as the system 2 s2d (T95) in order for
the comparison to be made independent of resolution. The extreme GWS
climatologies look very similar at the 850hPa level indicating that the surface wind
gust parameterisation in ERA and system 2 are responsible for the unrealistic values
over areas of complex orography.
Figures 1e and 1f show the 100 year return level of 10m WG and 850hPa GWS in
system 3 s2d data respectively. Comparing figure 1b and 1e it is clear that the new
WG parameterisation, combined with increased horizontal resolution of system 3 s2d
has vastly improved the extreme WG climatology over areas of complex orography.
The land-sea contrast in system 3 WG is much greater than in system 2 WG and
qualitatively looks similar to the land-seas contrasts shown in figure 1a ERA40 WG.
Figure 1f shows the extreme wind climatology of system 3 GWS at 850hPa is also
quite similar to the surface WG climatology (fig. 1e).
Given that the extreme wind climatologies of the ERA40 GWS and s2d GWS are
most similar we identified winter wind storms in each of these datasets. This process
resulted in 215 and 1631 storms identified in the ERA40 and system 2 GWS
respectively. These wind storms (WS) were used as input to the Swiss Re loss model.
Table 1 shows the return level of the percentage of Total Insured Value (TIV) to a
Swiss Re European portfolio as a function of return period. Generally the losses
associated with wind storms in the ERA40 GWS are higher than the system 2 s2d
GWS. This could be due to the fact that the GWS in ERA40 WSs are generally
slightly higher than in system 2 s2d WS. To first order the wind related losses are
proportional to the wind speed cubed. So, we may be seeing this sensitivity in the
results. Alternatively, it may be due to sampling issues. On the one hand we have
many more WS in the s2d data, however these WS are sampled from an ensemble
only over the years 1987-2006, whereas ERA40 extends from 1957-2002. Interannual
variability in system 2 s2d may be undersampled.
In summary, we have shown that GWS in both ERA40 and system 2 are similar,
however when we compare the output of the Swiss Re loss model then substantial
differences occur. Further work is needed to investigate the cause of these
discrepancies. Present efforts are concentrated on calibrating these two datasets with
each other and the operational WS dataset of Swiss Re. We have also shown that
system 3 s2d WG data reveal more realistic values and no evidence of the problems
associated with orography in the system 2 model. We will now investigate the use of
system 3 data in the Swiss Re loss model
Table 1: The preliminary results of the return level of the percentage of Total Insured
Value (TIV) in a Swiss Re Portfolio as a function of return period (years). The AEL is
Annual Expected Loss.
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Figure 1: The 1 in 100 year extended winter (NDJFMA) wind in meters per second of
ERA40 10 m wind gust a), b) system 2 s2d 10 m wind gust, c) ERA40 geostrophic
wind speed at 850hPa spectrally truncated to T95, d) system 2 s2d geostrophic wind
speed at 850hPa, f) system 3 s2d 10 m wind gust, e) system 3 s2d geostrophic wind
speed at 850hPa.
The work at UNILIV has investigated two aspects of using Tier validation with
probabilistic re-forecasts. The first section is investigating how bias correction of the
malaria model driving variables, temperature and precipitation, can improve or not
improve the forecast skill as a Tier-1 validation exercise. It also recognises that for
some parts of the world ERA-40 is not a prefect forecasts and has biases in its rainfall
distribution which can have an impact on the validation scores of the probabilistic

system. Although mean biases can be removed for rainfall the distribution can be
changed and this can reduce skill in bias corrected data. This is discussed in the
captions for fig. 2 and fig. 3 for West Africa and parts of southern African
respectively. In the second part the modelled malaria incidence driven by the
probabilistic seasonal forecasts is validated in a Tier-2 framework using ERA-40
driven impact model runs as the reference forecasts for the validation. The captions
fig. 4 and fig. 5 give further details.
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Figure 2 DEMETER multi-model ensemble mean biases in West Africa for
Liverpool Malaria Models) LMM driving variables: uncorrected and bias-corrected
forecasts compared to ERA-40 (DEMETER-ERA). May forecast month 1-6 averages
analysed for full multi-model (63 ensemble members) for 1980-2001. a) Rainfall bias
in mm per month, i) uncorrected, ii) bias-corrected (frequency-intensity correction),
and b) temperature bias expressed as degree-days >18 ºC per month i) uncorrected
and ii) bias-corrected (offset correction). Bias is successfully reduced for both
variables, although some negative biases remain for DEMETER rainfall in the south
of the grid. The strong positive biases in the uncorrected rainfall indicate a region
where ERA-40 rainfall is possibly too low. Although mean bias was corrected, biascorrected forecast anomalies for both variables were slightly but systematically less
skilful than for uncorrected forecasts: for example for the May forecast months 2-4
grid average skill for above the median rainfall anomaly, uncorrected rainfall
BSS=0.071, ROC area=0.600 and corrected rainfall BSS=-0.039, ROC area=0.528;
and for the above the median degree-day anomaly: uncorrected temperature
BSS=0.114, ROC area=0.679 and corrected temperature BSS=0.069, ROC
area=0.651, where BSS<=0 are unskilful and ROC areas<=0.5 are unskilful relative to
forecasts of climatology. (Anne Jones unpublished Ph.D Thesis)
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Figure 3 DEMETER multi-model ensemble mean biases in southern Africa for LMM
driving variables: uncorrected and bias-corrected forecasts compared to ERA-40
(DEMETER-ERA). May forecast month 1-6 averages analysed for full multi-model
(63 ensemble members) for 1980-2001. a) Rainfall bias in mm per month, i)
uncorrected, ii) bias-corrected (frequency-intensity correction), and b) temperature
bias expressed as degree-days >18 ºC per month i) uncorrected and ii) bias-corrected
(offset correction). Bias is successfully reduced for both variables. Although mean
bias was corrected, bias-corrected forecast anomalies for both variables were slightly
but systematically less skilful than for uncorrected forecasts: for example for the
November forecast months 2-4 grid –average skill for the above the median rainfall
anomaly: uncorrected rainfall BSS=0.012, ROC area=0.570 and corrected rainfall
BSS=-0.057, ROC area=0.484; and for the above the median degree-day anomaly:
uncorrected temperature BSS=0.100, ROC area=0.694 and corrected temperature
BSS=0.106, ROC area=0.680, where BSS<=0 are unskilful and ROC areas<=0.5 are
unskilful relative to forecasts of climatology. (Anne Jones unpublished Ph.D Thesis)

Tier-2 skill of DEMETER using LMM
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Figure 4 Brier Skill Scores (BSS) for upper tercile event, DEMETER-driven West
Africa LMM forecast incidence run with bias-corrected temperature input validated
against ERA-40 driven LMM incidence over the periods a) May 2-4 and b) May 4-6.
Further analysis found the malaria model start was wet, indicating the apparent skill in
figure a) may be due to “observed” conditions during the LMM spin-up period,
whereas the skill shown in b) is more likely to be due to the DEMETER forecast. The
most skilful forecasts were obtained with bias-corrected or uncorrected temperature
and uncorrected rainfall input, since correction of rainfall resulted in reduced LMM
transmission due to removal of low rain days from DEMETER, and LMM is not
sensitive to temperature for this region. Grid-averaged scores for each period were a)
BSS=0.144, ROC area=0.679 and b) BSS=0.048, ROC area=0.623, where BSS<=0
are unskilful and ROC areas<=0.5 are unskilful relative to forecasts of climatology.
(Anne Jones unpublished Ph.D Thesis)
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Figure 5 Tier-2 Brier Skill Scores (BSS) for upper tercile event, DEMETER-driven
southern Africa LMM forecast incidence run with bias-corrected temperature input
validated against ERA-40 driven LMM incidence over the periods, a) Feb 2-4, b) Feb
4-6 and c) Nov 4-6. Skill in the south of the region is present in the February forecast
and missing from the November forecast, but further analysis of the timing of the
rainy season showed the skill in the February forecast was likely to be due to
conditions during the LMM spin-up. The most skilful forecasts were obtained with
bias-corrected rainfall and corrected temperature input, since correction of rainfall
resulted in reduced LMM transmission due to removal of low rain days from
DEMETER. Conversely, bias-correction of temperature increased skill in LMM
forecast incidence due to the model sensitivity to temperature in this region, despite a
reduction in tier-1 skill when biases were corrected, Grid-averaged scores for the
November forecast months 4-6 in c) were BSS=0.127, ROC area=0.687, where

BSS<=0 are unskilful and ROC areas<=0.5 are unskilful relative to forecasts of
climatology. (Anne Jones unpublished Ph.D Thesis)

Conclusions
The MeteoSwiss work shows the importance of assessing both Tier-1 and Tier-2
validation to understand the difference in validation between different probabilistic reforecasts data sets data sets when a insurance wind loss impacts with care need when
using derived surface value such a gust parameterisation with the orography found in
the global models
The UNILIV work shows the importance f bias correction and the testing of its
impacts when running application models. The Tier-2 validation allows integrated
model development work to be undertaken in areas where observed malaria data is
either non existent or unreliable
To continue this work a website will be set up to illustrate the use of verification
methods with the impacts models. Further comparison across the methods will be
undertaken

