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1.  INTRODUCTION – THE NEED FOR MORE RELIABLE WIND SCENARIOS 
 
The starting point for climate scenario construction in the Building Knowledge for Changing 
Climate (BKCC) programme is the UKCIP02 scenarios (Hulme et al., 2002) which are the 
most recent, detailed and reliable climate scenarios for the UK.  These provide information 
about many of the variables of concern to the BKCC programme, including wind.  Statements 
concerning the projected UKCIP02 changes are assigned a relative level of confidence based 
on the authors judgements, using three different criteria: 
 
········   Knowledge of the physical reasons for the changes; 
········   The degree of consistency between different climate models; and, 
········   An estimate of the statistical significance of the results. 
 
Thus with respect to precipitation, for example, the statement ‘generally wetter winters for the 
whole UK’  is assigned a high relative confidence level and the statement ‘substantially drier 
summers for the whole UK’  is assigned a medium relative confidence level.  Statements 
concerning changes in cloud cover and storm tracks are given a low relative confidence level.  
In the case of wind speed, however, the authors do not even assign a low confidence level 
(Hulme et al., 2002): 
 
“ It must be noted, however, that the consistency between different models and the physical 
representation within HadRM3 are not sufficient to be able to attach any level of confidence to wind 
speed. The changes in wind speed described above should be interpreted with this in mind, and 
certainly more caution should be taken when using these results than when using, for example, those 
for temperature and precipitation” . 
 
The original aim of Task 5 of the BETWIXT project was to complement the work undertaken 
by the Climatic Research Unit on weather generators (see BETWIXT Technical Briefing 
Notes 1 and 4) by developing a more physically-based approach to the development of wind 
scenarios.  It was proposed to base this approach on information derived from a Tyndall 
Centre funded project about cyclone and storm-track changes in the suite of Hadley Centre 
models used to construct the UKCIP02 scenarios.  It was hoped that this information could be 
used to develop scenarios of wind which would be more reliable, particularly with respect to 
maximum wind speeds, than those based on raw climate model output.  The detailed technical 
report from this Tyndall project, IT1.4 “An integrated assessment of the potential for change 
in storm activity over Europe: implications for insurance and forestry in the UK”, was 
completed in February 2004 (Hanson et al., 2004).  The analyses and key findings from this 
project which are of most relevance to the BETWIXT work are summarised in Section 2 of 
this technical briefing note.   
 
These findings were not available when the BETWIXT proposal was submitted.  
Unfortunately the bottom line finding, that no significant changes in cyclone intensity in the 
future are projected by the Hadley Centre models, meant that this approach to future wind 
changes had to be abandoned.  Thus it was decided to return to a more detailed study of wind 
output from the Hadley Centre climate models.  Although the UKCIP02 report comments on 
the reliability problems with respect to wind speed, no validation figures are presented and 
only scenarios for wind speed are provided although other factors such as wind direction are 
important for some of the impact sectors addressed by the BKCC programme (a number of 
groups are interested in changes in wind-driven rain, for example).  Thus in Section 3, daily 
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mean wind speed and direction simulated by the Hadley Centre regional model used to 
construct the UKCIP02 scenarios are analysed, both with respect to the ability to reproduce 
observed station data and the scenario changes. 
 
Finally, in Section 4, general advice to participants in the BKCC programme concerning the 
use of wind scenarios is provided. 
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2.  ASSESSMENT OF THE POTENTIAL FUTURE CHANGE IN CYCLONE 
ACTIVITY ACROSS THE UK 
 
2.1  Introduction 
In this section, the performance of the HadAM3H global climate model (GCM) and 
HadRM3H regional climate model (RCM) is compared with NCEP Reanalysis data for the 
region encompassing 13°W to 2°E and 50°N to 60°N.  A cyclone detection algorithm 
(Hanson, 2001) was applied to daily gridded mean sea level pressure data.  This algorithm 
identifies a cyclone centre by comparing a central pressure point with eight surrounding 
points.  If the centre point is lower in pressure than its eight surrounding neighbours, it is 
classed as a low pressure centre.  The focus is on the extended winter period of October to 
March.  These analyses are based on daily mean sea level pressure data, and so the number of 
individual centres identified can be used as a proxy for individual cyclone systems since it is 
unlikely that a cyclone will persist for longer than 24 hours over the UK.  Thus the results 
presented here are based on central pressure as a measure of cyclone intensity. 
 
 
2.2  The Climate Models 
The observed baseline data against which the Hadley Centre models (HadAM3H and 
HadRM3H) are assessed is provided by the NCEP (National Centers for Environmental 
Prediction) Reanalysis data assimilation system (which itself involves climate modelling).  
The Hadley Centre model runs are those used to construct the UKCIP02 scenarios.  These 
models are described below, together with the HadCM3 GCM used to force HadAM3H. 
 
NCEP Reanalysis 
The input for the NCEP/NCAR data assimilation system includes land-based and ship-based 
observations; rawinsonde data; aircraft data and satellite data.  The data are quality controlled 
before reanalysis (Kalnay et al., 1996).  A global spectral model with 28 vertical levels and a 
horizontal resolution of T62 (equivalent to 209 km) is used to perform the reanalysis.  The 
model has five levels in the boundary layer and seven above 100 hPa.  This vertical structure 
was chosen in order to define the boundary layer reasonably well.  Details of the model 
dynamics and physics are provided by Kanamitsu (1989) and Kanamitsu et al. (1991).  
 
Four types of gridded fields (Class A to D) are produced depending on the degree of influence 
the model and input data have on the reanalysis: 
 
·  Class A fields are strongly influenced by the observed data and are the most reliable 

output available. The mean sea level pressure data used in this study are produced in this 
manner.  

·  Class B fields are influenced by the observed data but to a greater extent the output is 
determined by the model e.g., specific humidity and maximum and minimum 
temperatures. 

·  Class C fields are wholly defined by model input and are not based on any observations 
e.g., skin temperature and surface runoff.  

·  Class D fields do not depend on the model, for example the land-sea mask.  
 
The NCEP reanalysis data are available on a four times daily temporal resolution (i.e., six 
hourly) and a 2.5° x 2.5° spatial resolution. In this study, the NCEP data are used as a proxy 
for observed data to validate the climate model output for the baseline period 1961-1990. 
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Hanson (2001) has shown that the higher-resolution ECMWF (European Centre for Medium 
Range Weather Forecasting) reanalysis model performs better than NCEP in replicating 
cyclone climatologies across the North Atlantic region. However, reanalysis data from 
ECMWF covering the 1961-1990 baseline period were not available when this study was 
undertaken. The biggest difference between the two reanalysis models was found at weak 
cyclone intensity levels (Hanson, 2001).  NCEP was found to underestimate the number of 
weak cyclones but accurately replicate the number of deep cyclones. 
 
HadCM3 
HadCM3 (Figure 1) is a coupled ocean-atmosphere global climate model based on the laws of 
physics describing the transport of mass (including moisture) and energy.  The model runs at 
a 30-minute time step producing data for grid points covering the entire globe at a resolution 
of 2.5° latitude by 3.75° longitude.  This spatial resolution corresponds to approximately 265 
km by 300 km over the UK.  There are 19 vertical levels through the atmosphere (Johns et al., 
2003; Hulme et al., 2002, Gordon et al., 2000).  The ocean component of the GCM has 20 
vertical levels and a horizontal resolution of 1.25° latitude by 1.25° longitude (Pope et al., 
2001).  Data from HadCM3 are available at daily time steps for the period 1860-2099.  

 

 
 
 
Figure 1: The three Hadley Centre third generation climate models. 
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HadAM3H 
HadAM3H (Figure 1) is the intermediate global atmosphere-only component of HadCM3 
with a higher spatial resolution (1.25° latitude by 1.875° longitude) than the coupled ocean-
atmosphere model.  In order to construct the UKCIP02 scenarios, HadAM3H was run for the 
1961-1990 period driven by observed sea-surface temperatures (SST) and sea ice.  The 
perturbed runs for 2070-2099 were driven by changes in SST and sea ice predicted by 
HadCM3 and added to the observations.  The use of this higher resolution model along with 
observed SST and improved physics resulted in a more realistic representation of the North 
Atlantic storm track than HadCM3 (Hulme et al., 2002; Jones et al., 2001).  Data from 
HadAM3H are available at daily time steps for two time slices, the baseline period 1961-1990 
and the future period 2070-2099. 

 
HadRM3H 
The regional climate model (Figure 1) has a horizontal resolution of 0.44° latitude by 0.44° 
longitude (i.e., about 50 km) and time steps of five minutes.  HadRM3H takes its boundary 
conditions from HadAM3H.  Wind, temperature and humidity output from HadAM3H are 
used to drive HadRM3H at its lateral boundaries.  The higher spatial resolution should enable 
more realistic simulation of smaller-scale weather features.  Data for HadRM3H are available 
at daily time steps for the baseline period 1961-1990 and the future period 2070-2099. 

 
Ensemble Members 
It is possible that model projections of future climate changes could depend on the starting 
point at which the control run is perturbed, i.e., the point at which increasing greenhouse gas 
concentrations are introduced.  Thus the Hadley Centre performed an intra-model ensemble of 
simulations.  These consist of three experiments in which increased greenhouse gases are 
introduced at different points along the control run.  The historical changes in greenhouse gas 
concentrations, and the future rates of change, remain the same for each ensemble member.  
In this way, a form of natural climate variability can be represented in the simulations. 

Four climate experiments were performed by the Hadley Centre: three ensemble members 
(A2a, A2b, A2c) for the A2 SRES emissions scenario (the UKCIP02 medium-high emissions 
scenario) and one ensemble member (B2a) for the SRES B2 scenario (the UKCIP02 medium-
low scenario).  Not all these data were available when this study was undertaken.  Thus 
analysis was restricted to the full range of climate experiments for the baseline period (1961-
1990) and only two (A2a and B2a) for the future period (2070-2099).  Further information on 
the SRES scenarios can be found in IPCC (2000). 
 
This study focuses on HadAM3H and HadRM3H rather than HadCM3 for the following 
reasons: 
 

·  The resolution of HadCM3 is too coarse to capture extreme events such as cyclones or 
their intensity is unrealistically low.  

 
·  HadAM3H has a much higher resolution than HadCM3 and Jones et al., (2001) found 

that it provides a better simulation of the storm tracks, suggesting that this 
intermediate model is more realistic than HadCM3. 

 



BETWIXT Technical Briefing Note 5                                                                                          Version 1 

Page 7 of 27  

·  HadRM3H is nested in HadAM3H which is driven at its lateral boundaries with output 
from HadCM3, thus the use of HadAM3H allows a more internally consistent study to 
be conducted. 

 
 
2.3  Cyclone Intensity Distr ibution 
The distributions of cyclone intensities shown in Figure 2 are based on central pressure.  The 
shape of the HadAM3H distribution for the baseline period 1961-1990 closely resembles that 
of the NCEP distribution (Figure 2a), however, the simulated frequencies are much lower 
than observed.  The skewness value provides a measure of the shape of the distribution: for 
NCEP it is -0.057, indicating a distribution that is close to normal.  For the HadAM3H 
baseline period it ranges from -0.125 to +0.001, and for HadRM3H from -0.367 to -0.252, 
indicating that HadRM3H is more highly skewed than HadAM3H.  The HadRM3H 
distribution (Figure 2b) is skewed towards higher pressure indicating that the model produces 
an excess of shallow centres and too few deep centres.  However, for cyclones with a central 
pressure £ 1010 hPa, HadRM3H underestimates their frequency by only about 10%.  
 
The cause of the overestimation of weak pressure centres in HadRM3H is likely to be due to 
the method of detection used here.  As a result of the higher spatial resolution of HadRM3H, 
it is able to resolve pressure gradients more accurately than HadAM3H.  The detection 
method applied here identifies a low-pressure centre by comparing a central point to its eight 
surrounding points – a centre can therefore be identified if the surrounding points are just 0.1 
hPa lower than the central point. 
 
The projected future distributions of intensity (Figure 2c) show that there is no significant 
change in their tails.  
 
 
2.4  Seasonal Distr ibution of Cyclones 
The Hadley Centre models studied here are found to accurately represent the seasonal 
distribution of cyclone activity over the UK (Figure 3), although the absolute frequency is 
underestimated (Section 2.3).  
 
For pressure centres £ 1000 hPa , both HadAM3H and HadRM3H reveal future decreases in 
spring, summer and autumn activity and increases in winter, although many of these changes 
are small compared to the intra-model ensemble range for the baseline period (Figure 3).  
During the climatological winter (DJF), £ 1000 hPa pressure centres increase on average in 
the future: in HadRM3H, from 7 per year to around 9 for the A2a experiment and 8 for B2a 
and in HadAM3H, from 4.5 per year to 5 for the A2a experiment. During the climatological 
autumn (SON), HadRM3H shows a decrease in the future from 6.5 to 4.5 per year (A2a) and 
6 (B2a) and HadAM3H also shows a decrease from 4.5 per year to 3.5 (A2a) and 3 (B2a).  
 
For pressure centres £ 970 hPa, HadRM3H shows an increase in autumn indicating that 
although overall numbers of cyclones decrease, intense events become more frequent. 
HadAM3H shows no significant change.  The two models produce similar results for spring. 
During the climatological winter, we see a decrease in the number of intense cyclones in the 
regional model, suggesting that the frequency of intense events will decrease whilst the 
proportion of weak events will increase.  HadAM3H produces different results, suggesting 
that the overall number of cyclones will increase in the future over the UK but that the 



BETWIXT Technical Briefing Note 5                                                                                          Version 1 

Page 8 of 27  

proportions of weak and intense cyclones will remain the same – indicating an absolute 
increase in the number of intense cyclones. 
                                    

 
Figure 2: Distribution of depression centre intensities across the UK based on central 
pressure (hPa). A) distribution of intensities for the baseline period for NCEP and  
HadAM3H, B) for the baseline period for NCEP and HadRM3H, C) for the A2a/B2a 1961-
1990 baseline period and 2070-2099 scenario period for HadAM3H and HadRM3H. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: 30 year totals of the seasonal distribution of depression centres across the UK for 
the baseline period for HadRM3H ensembles (red, bars indicate the intra-model ensemble 
range) and HadAM3H ensembles (black, bars indicate the intra-model ensemble range); 
and for the future period (2070-2099) for HadRM3H (orange, A2a and brown, B2a) and 
HadAM3H (dark grey, A2a and light grey, B2a). A and B show seasonal distributions of 
cyclones with centres ££££ 1000 and 970 hPa, respectively.  
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HadRM3H suggests a possible shift in seasonality with intense cyclones increasing in 
frequency during the autumn and decreasing in winter (Figure 3b).   HadAM3H indicates the 
persistence of present-day activity levels but with increases during winter. 
 
 
2.5  Spatial Distr ibution of Cyclones 
Figure 4 shows the spatial distribution of cyclones over the UK achieving a minimum central 
pressure of at least 970 hPa for the present day (left) and the future (right).  Both models 
reproduce the northwest/southeast gradient in cyclone activity found over the UK for the 
present day.  This spatial pattern is also found in the future for the A2a and B2a experiments.  
The regional model suggests a slight strengthening of this pattern with an increase in activity 
in the northwest but also an increase in the southeast, indicating a shift southwards of the 
cyclone track over the UK. 
 

 
Figure 4: Spatial distribution of cyclone activity across the UK for the present-day period 
(left) for HadAM3H and HadRM3H, and for the future A2a and B2a experiments (right) 
for HadAM3H (top) and HadRM3H (bottom) for cyclones achieving a central pressure of 
at least 970hPa. 
 
 
2.6  Summary of Conclusions 
 

·  HadAM3H simulates a realistic seasonal distribution of cyclone intensity across the 
UK, but underestimates absolute frequencies; 
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·  HadRM3H again simulates a realistic seasonal distribution of cyclone intensity for 
cyclones with a central pressure of �  1010 hPa, with only about 10% underestimation 
when compared to NCEP intensities.  However, the RCM overestimates the number of 
shallow depressions (when compared to NCEP); 

 
·  Both models suggest no significant change in cyclone intensity in the future; 

 
·  Both models simulate an accurate seasonal distribution of depression centres across 

the UK whilst underestimating the absolute frequencies; 
 

·  For �  1000 hPa centres, both models indicate decreases in activity in spring, summer 
and autumn and increases in winter; 

 
·  For �  970 hPa centres, the models disagree, most significantly in autumn and winter. 

HadAM3H suggests an increase in frequency of the more intense centres in winter 
whilst the RCM suggests a decrease.  In autumn, HadAM3H suggests no change 
whilst the RCM indicates a significant increase.  The RCM therefore suggests a shift 
in seasonality of the more intense centres in the future; 

 
·  The spatial distribution of cyclones is not expected to change significantly in the 

future.  Both models suggest a slight intensification of the present-day distribution, 
maintaining the current north-west/south-east gradient in activity.  The RCM also 
suggests a southward shift in the storm track across the UK; and, 

 
·  Overall, the two models differ in some aspects in their estimation of future cyclone 

activity.  However, many of the projected changes are small in comparison to the 
intra-model ensemble range for the present day and the model biases, and, on the 
whole, both models suggest no significant changes in the 2070-2099 period.  This 
implies that the wind fields across the UK will also not change significantly in the 
future.   
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3.  ANALYSIS OF HadRM3H MEAN DAILY WIND SPEED AND DIRECTION 
ACROSS THE UK 
 
3.1  Introduction 
In order to have any confidence in the future changes in wind indicated by HadRM3H (i.e., 
the model information used to construct the UKCIP02 scenarios), the model must be able to 
reproduce the observed distribution of present-day and historical wind speed and direction.  
Thus Section 3.2 focuses on the validation of HadRM3H winds by comparing the modelled 
winds to observed data recorded from nine meteorological stations across the United 
Kingdom (Figure 5), while Section 3.3 focuses on projected future changes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Location of the nine meteorological stations. 
 
 
Wind direction is not a direct output of HadRM3H, thus for consistency both wind speed and 
direction were calculated from the zonal (U) and meridional (V) wind components.   U and V 
wind components for the 1961-1990 baseline and 2070-2099 future time slices for the A2a 
emissions scenario were extracted for each RCM grid box within which one of the nine 
stations is located.  These components were then converted to wind speed and direction using 
the following formulae: 
 

#

#

#

#

#

#

#

#

#

Elmdon

Manchester, Ringway

Leeds Weather Centre

London, Heathrow

St. Mawgan

Hemsby

Abbotsinch

Herstmonceux
Yeovilton
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For wind speed: M = (U2 + V2) 1/2   
 

For wind direction: �  = 90ë - (360ë /C) x arctan(V/U) + � o 

 

where: M = wind speed 
 �  = wind direction 
 U = eastward component 
 V = northward component 
 C = 360ë (2� rad) 
 � o = 180ë when U>0 or 0 when U� 0 

 
 
Observed mean hourly wind speed and direction data, provided by the British Atmospheric 
Data Centre (BADC), were not available for the entire 30-year baseline period.  Thus the 
entire time series available for each station was used - in all cases this extended beyond 1990 
(Table 1).  The hourly wind speed and directions were averaged over the 24 hours of readings, 
or in the case of missing data occurring within a 24 hour period, the mean daily wind speed 
and direction were determined from the number of records available in the 24 hour period. 
 
 
Table 1: Temporal extent of the observed data and the number of missing hourly records 
for each station. 
 
Station Name Temporal Extent Number of missing data (hours) 
Abbotsinch 1983-1998 438 

Elmdon 1983-1999 432 
Heathrow 1983-1999 566 
Hemsby 1983-1999 373 

Herstmonceux 1983-1999 1311 
Leeds 1987-1999 218 

Ringway 1983-1999 390 
St. Mawgan 1983-1999 342 
Yeovilton 1983-1999 391 

 
 
An initial assessment of the ability of HadRM3H to simulate wind speed and direction 
indicated that the model did not perform consistently for all stations.  The following 
discussion focuses on two of the nine stations – Yeovilton, where the RCM is found to 
simulate some features of wind speed and direction reasonably well, and Manchester 
Ringway, where the RCM does not perform so well.  A full set of figures for all nine stations 
is provided in the Appendices. 
 
 
 3.2  Validation of Mean Daily Wind Speed and Direction 
 
Analysis of annual data 
Figure 6 shows the wind speed and direction based on the observed data for the periods 
specified in Table 1, the modelled winds for the baseline period and the modelled winds for 
the 2070-2099 period for Ringway and Yeovilton.   
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Figure 6(a): Ringway 1983-1999 annual observed (left) and modelled (right) wind speed 
(m/s) and direction (degrees) for the baseline period 1961-1990 (top right) and the future 
period 2070-2099 (bottom right).  

 
Figure 6(b): Yeovilton 1983-1999 annual observed (left) and modelled (right) wind speed 
(m/s) and direction(degrees) for the baseline period 1961-1990 (top right) and the future 
period 2070-2099 (bottom right).  
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Wind flow is FROM the directions shown.
Rings drawn at  5% intervals .

  5.14
  4.44

  3.31

  3.05

  3.72

  4.09

  4.00

  5.03
  5.41

  8.19 11.39

 12.21

 10.66

  7.92

  6.37

  5.08

Wind Speed  ( Meters Per Second)
0.1 3 6 9 12 15

2070-2099

N

S

W E

No observations were miss ing.
Wind flow is FROM the directions shown.
Rings drawn at  5% intervals .

  6.18

  5.27

  3.56

  3.47

  3.19

  3.05

  3.53

  4.14
  4.67

  7.07
 10.45

 12.55

 10.91

  8.81

  7.13

  6.03

Wind Speed  ( Meters Per Second)
0.1 3 6 9 12 15

Ringway, Manchester 1983-1999

N

S

W E

390 observations were missing.
Wind flow is FROM the directions shown.
Calms excluded.

  0.00
  0.33

  2.77

  4.31

  5.71

  4.85

  5.81

  9.04

 13.52
 14.35

 12.97

 11.65

  8.01

  4.54

  1.87

  0.27

Wind Speed  ( Meters Per Second)

0.1 3 6 9 12 15

PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 0.1 3 6 9 12 15
N

NNE
NE

ENE
E

ESE
SE

SSE

  0.00
  0.00
  0.07
  0.10
  0.34
  0.53
  0.82
  1.25

  0.00
  0.00
  0.24
  0.84
  1.79
  1.94
  2.25
  2.92

  0.00
  0.14
  0.79
  1.63
  1.74
  1.41
  1.80
  2.59

  0.00
  0.12
  0.91
  1.05
  1.05
  0.67
  0.72
  1.39

  0.00
  0.03
  0.43
  0.41
  0.57
  0.22
  0.19
  0.64

  0.00
  0.03
  0.33
  0.27
  0.22
  0.07
  0.02
  0.24

PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 0.1 3 6 9 12 15
S

SSW
SW

WSW
W

WNW
NW

NNW

  1.27
  1.03
  0.72
  0.53
  0.27
  0.14
  0.00
  0.00

  3.32
  3.30
  3.85
  4.47
  2.61
  1.53
  0.45
  0.02

  3.42
  3.16
  3.78
  2.94
  2.59
  1.62
  0.91
  0.09

  3.23
  3.35
  2.42
  2.13
  1.29
  0.76
  0.38
  0.09

  1.68
  2.25
  1.62
  1.01
  0.76
  0.33
  0.09
  0.07

  0.60
  1.25
  0.58
  0.57
  0.48
  0.17
  0.05
  0.02

TOTAL OBS = 5820   MISSING OBS =  390 CALM OBS =    1

Manchester, Ringway 1960-1990

N

S

W E

No observations were missing.
Wind flow is FROM the directions shown.
Rings drawn at  5% intervals.

  6.97   7.40

  7.00

  6.64

  6.85

  6.80

  5.96

  4.92
  5.37  6.45

  6.60

  6.96

  5.70

  5.21

  5.23

  5.95

Wind Speed  ( Meters Per Second)
0.1 3 6 9 12 15

2070-2099

N

S

W E

No observations were missing.
Wind flow is FROM the directions shown.
Rings drawn at  5% intervals.

  6.79   7.19

  6.95

  6.99

  7.32

  7.07

  5.82

  4.84
  5.64

  5.88

  6.74

  6.37

  5.70

  5.45

  5.33

  5.92

Wind Speed  ( Meters Per Second)
0.1 3 6 9 12 15
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Most noticeable from these wind roses is that HadRM3H fails to simulate the prevailing wind 
direction in both cases and that the simulated wind speeds are much slower than those from 
the observed data series.  Table 2 confirms these discrepancies.  The simulated modal wind 
direction for seven of the nine stations differs from the observed by more than �  5ë and in the 
case of Hemsby by +53ë.  The mean wind speed and percentile wind speeds show that the 
modelled winds are around 50% slower than observed.  
 
The wind roses in Figure 6 indicate that the RCM simulates winds from all compass points 
whereas in reality at both Yeovilton and Manchester there is an absence of winds from the 
north.  However, in the case of Yeovilton, the prevailing wind direction is more accurately 
simulated than for Manchester. 
 
It may be possible to adjust the RCM wind speeds in order to obtain more realistic speeds.  In 
all cases, for the nine stations, the RCM winds are much slower than the observed winds. 
Figure 7 shows the relationship between the observed wind speeds and the modelled wind 
speeds shown in Table 2.  For each of the nine stations the 1st, 5th, 10th, 25th, 50th, 75th, 90th, 
95th and 99th percentile wind speeds were determined and plotted against the percentile values 
for each of the RCM grid squares containing the stations.  Linear regression between the two 
data sets indicates that a correction factor of 1.65 could be applied to the modelled wind 
speeds to make them more realistic.  However, in order to apply this to future projections, it 
would have to be assumed that the bias would be unchanged in the future – an assumption 
that cannot be tested. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Linear regression relationship between observed and modelled wind speeds (m/s). 
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Table 2: Descriptive statistics for each station (observed, modelled and future modelled)  – 
modal wind direction, mean wind speed, 1st percentile, 5th percentile, 10th percentile, 90th 
percentile, 95th percentile and 99th percentile wind speeds. Speed is measured in m/s and 
direction in degrees. Obs represents station data, RCM_P represents modelled data for the 
current period and RCM_F for the future period. 
 

 
Descr iptive Statistic 

 Modal 
direction 

Mean 
speed 

1st % 
speed 

5th % 
speed 

10th % 
speed 

90th % 
speed 

95th % 
speed 

99th % 
speed 

Abbots. 
Obs 

227.08 8.59 1.58 2.46 3.25 15.04 17.45 22.21 

Abbots. 
RCM_P 

225.00 4.38 0.56 1.31 1.83 7.19 8.14 9.99 

Abbots. 
RCM_F 

218.43 4.36 0.61 1.3 1.81 7.14 8.06 9.82 

Elmd. 
Obs 

224.17 7.27 1.71 2.46 3.12 12.12 13.67 16.92 

Elmd. 
RCM_P 

225.00 4.74 0.73 1.53 2.11 7.65 8.67 10.34 

Elmd. 
RCM_F 

225.00 4.70 0.66 1.46 2.04 7.61 8.55 10.39 

Heath. 
Obs 

247.92 6.17 1.46 2.17 2.62 10.54 12.04 15.15 

Heath. 
RCM_P 

270.00 4.63 0.67 1.43 1.99 7.59 8.63 10.65 

Heath. 
RCM_F 

225.00 4.66 0.66 1.46 2.03 7.56 8.58 10.57 

Hems. 
Obs 

217.92 10.47 2.62 4.21 5.12 16.79 19.12 23.70 

Hems. 
RCM_P 

270.00 5.25 0.73 1.57 2.19 8.63 9.65 11.69 

Hems. 
RCM_F 

270.00 5.24 0.78 1.64 2.22 8.55 9.71 12.04 

Herst. 
Obs 

244.00 6.89 0.62 1.75 2.46 13.12 15.71 21.08 

Herst. 
RCM_P 

270.00 4.44 0.62 1.34 1.87 7.30 8.26 10.15 

Herst. 
RCM_F 

269.45 4.52 0.65 1.41 1.95 7.35 8.35 10.30 

Leeds 
Obs 

279.17 7.81 2.00 2.96 3.62 13.54 16.25 20.96 

Leeds 
RCM_P 

270.00 4.43 0.65 1.35 1.91 7.26 8.16 9.8 

Leeds 
RCM_F 

270.00 4.48 0.61 1.47 1.99 7.19 8.10 9.85 

Ring. 
Obs 

191.67 7.91 1.96 2.71 3.42 13.25 14.96 18.28 

Ring. 
RCM_P 

225.00 4.59 0.70 1.42 1.96 7.4 8.3 9.90 

Ring. 
RCM_F 

226.57 4.54 0.68 1.41 1.95 7.32 8.21 9.87 

St.Maw. 
Obs 

252.08 11.60 3.17 4.42 5.29 19.04 21.69 26.33 

St.Maw. 
RCM_P 

270.00 7.97 1.19 2.41 3.39 12.79 14.10 16.68 

St.Maw. 
RCM_F 

270.00 7.85 1.02 2.22 3.07 13.05 14.55 17.19 

Yeovil. 
Obs 

227.50 7.67 0.80 2.08 2.79 13.38 15.25 19.11 

Yeovil. 
RCM_P 

260.10 6.46 0.82 1.86 2.58 10.74 11.98 14.36 

Yeovil. 
RCM_F 

243.43 6.33 0.85 1.76 2.45 10.87 12.30 14.95 
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In order to examine the ability of HadRM3H to simulate the tails of the wind speed 
distribution, the 5% weakest and the 5% strongest winds were analysed for the two stations 
(Figure 8).  It should be noted that whilst the 5th percentile winds (5% weakest) from the 
observed and modelled data are plotted using the same wind speed scale, the 95th percentile 
winds are not.  This is because the strongest RCM winds are slower than the slowest 95th 
percentile wind.  In all cases, the observed data show a clear prevailing wind direction 
whereas the modelled winds show activity at each of the sixteen compass points.  For the 95th 
percentile winds, in many cases (e.g., Ringway) the modelled prevailing wind direction is 
incorrect by up to 90ë.  In the case of Yeovilton, the 95th percentile wind directions are more 
realistic.  Overall, the RCM consistently fails to simulate the observed wind direction and 
speed. 
 
Analysis of seasonal data 
From Figures 9 and 10, which show seasonal wind roses for Yeovilton and Manchester 
Ringway, it can be seen that again HadRM3H fails to realistically simulate wind direction for 
both stations, particularly during the summer, autumn and spring. 
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Manchester, Ringway (95% BADC)

N

S

W E

  0.67

  6.38

  5.37

  4.36

  1.34

  0.34

  5.03

 12.75

 25.17

 12.42

 12.08

  9.40

  3.36

  1.01

  0.34

Wind Speed  ( Meters Per Second)

10 12 14 16 18 20

PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 10 12 14 16 18 20
N

NNE
NE

ENE
E

ESE
SE

SSE

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.34
  2.68
  1.68
  1.34
  0.34
  0.00
  1.68

  0.00
  0.34
  3.36
  1.68
  1.34
  0.67
  0.34
  2.68

  0.00
  0.00
  0.34
  0.67
  1.34
  0.34
  0.00
  0.67

  0.00
  0.00
  0.00
  1.34
  0.34
  0.00
  0.00
  0.00

PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 10 12 14 16 18 20
S

SSW
SW

WSW
W

WNW
NW

NNW

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  5.03
 11.07
  5.37
  5.70
  2.01
  1.01
  0.34
  0.00

  6.38
  8.72
  4.70
  3.69
  3.36
  1.68
  0.67
  0.34

  0.67
  3.36
  2.01
  2.01
  2.68
  0.34
  0.00
  0.00

  0.67
  2.01
  0.34
  0.67
  1.34
  0.34
  0.00
  0.00

TOTAL OBS =  298   MISSING OBS =    0 CALM OBS =    0

Manchester, Ringway (5% BADC)

N

S

W E

  0.67

  1.33

  5.33

  8.00

 13.00

 17.67

 19.00

 14.00

  8.67

  7.00

  4.00

  1.33

Wind Speed  ( Meters Per Second)
0.1 0.5 1 2 3 4

PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 0.1 0.5 1 2 3 4
N

NNE
NE

ENE
E

ESE
SE

SSE

  0.00
  0.00
  0.33
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.33
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.33
  2.33
  2.00
  5.33
  3.67

  0.00
  0.00
  0.33
  1.00
  2.67
  6.00
  7.67
 14.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 0.1 0.5 1 2 3 4
S

SSW
SW

WSW
W

WNW
NW

NNW

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.33
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  4.33
  2.33
  1.33
  0.33
  0.33
  0.00
  0.00
  0.00

 14.33
 11.67
  7.33
  6.67
  3.67
  1.33
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

TOTAL OBS =  300   MISSING OBS =    0 CALM OBS =    0

Manchester, Ringway (5% RCM)

N

S

W E

No observations were missing.
Wind flow is FROM the directions shown.
Calms excluded.

  7.04

  5.42

  5.78

  5.78

  4.87

  4.69

  4.33

  5.96

  6.14
  6.32

  6.68

  5.78

  9.21

  8.66

  6.50

  6.86

Wind Speed  ( Meters Per Second)
0.1 0.5 1 2 3 4

PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 0.1 0.5 1 2 3 4
N

NNE
NE

ENE
E

ESE
SE

SSE

  0.54
  0.54
  1.08
  0.72
  0.72
  0.72
  0.54
  0.72

  2.35
  1.62
  1.62
  2.17
  2.17
  1.08
  1.44
  1.62

  4.15
  3.25
  3.07
  2.89
  1.99
  2.89
  2.35
  3.61

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 0.1 0.5 1 2 3 4
S

SSW
SW

WSW
W

WNW
NW

NNW

  0.36
  0.72
  0.54
  0.54
  1.08
  0.00
  1.08
  0.00

  2.35
  2.35
  1.44
  2.35
  2.71
  2.53
  1.62
  3.07

  3.43
  3.25
  4.69
  2.89
  5.42
  6.14
  3.79
  3.79

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

TOTAL OBS =  559   MISSING OBS =    0 CALM OBS =    5

Manchester, Ringway (95% RCM)

N

S

W E

No observations were missing.
Wind flow is FROM the directions shown.
Calms excluded.

 11.41

  8.20

  4.63

  4.99

  6.95

 13.73

  8.02
  6.06

  6.95

  5.70

  6.95

  5.35

  1.60

  0.71

  2.67

  6.06

Wind Speed  ( Meters Per Second)

8 9 10 11 12 13

PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 8 9 10 11 12 13

N
NNE

NE
ENE

E
ESE

SE
SSE

  4.81
  4.28
  2.14
  1.96
  3.92
  7.84
  3.21
  1.07

  3.21
  2.32
  2.32
  2.14
  1.96
  4.28
  3.74
  2.67

  1.78
  1.43
  0.18
  0.71
  1.07
  0.89
  0.71
  0.89

  0.36
  0.18
  0.00
  0.18
  0.00
  0.71
  0.18
  0.89

  1.07
  0.00
  0.00
  0.00
  0.00
  0.00
  0.18
  0.53

  0.18
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 8 9 10 11 12 13

S
SSW

SW
WSW

W
WNW

NW
NNW

  3.74
  2.85
  4.10
  2.32
  0.36
  0.36
  1.07
  2.85

  1.78
  2.32
  1.78
  1.60
  1.25
  0.36
  1.43
  2.14

  1.07
  0.53
  1.07
  1.25
  0.00
  0.00
  0.00
  0.53

  0.36
  0.00
  0.00
  0.18
  0.00
  0.00
  0.18
  0.36

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.18

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

TOTAL OBS =  561   MISSING OBS =    0 CALM OBS =    0

Yeovilton (95% BADC)

N

S

W E

  0.68

  3.07

  4.44

  0.68

  1.37

  0.34

  3.07
  4.78

 15.70

 19.45

 10.92

 19.80

 12.29
  3.41

Wind Speed  ( Meters Per Second)

10 12 14 16 18 20

PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 10 12 14 16 18 20
N

NNE
NE

ENE
E

ESE
SE

SSE

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.68
  1.02
  0.34
  0.34
  0.00
  1.02

  0.00
  0.34
  1.71
  3.07
  0.34
  0.68
  0.34
  1.37

  0.00
  0.34
  0.34
  0.34
  0.00
  0.34
  0.00
  0.34

  0.00
  0.00
  0.34
  0.00
  0.00
  0.00
  0.00
  0.34

PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 10 12 14 16 18 20
S

SSW
SW

WSW
W

WNW
NW

NNW

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  1.37
  3.75
  5.12
  3.07
  3.75
  1.37
  0.34
  0.00

  1.02
  5.46
  8.53
  3.41
  7.51
  5.46
  1.37
  0.00

  1.71
  5.46
  3.75
  2.39
  5.80
  2.73
  1.37
  0.00

  0.68
  1.02
  2.05
  2.05
  2.73
  2.73
  0.34
  0.00

TOTAL OBS =  293   MISSING OBS =    0 CALM OBS =    0

Yeovilton (5% RCM)

N

S

W E

No observations were missing.
Wind flow is FROM the directions shown.
Calms excluded.

  6.12
  7.37
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  7.01

  6.12

  6.47

  8.45
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PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 0.1 0.5 1 2 3 4

N
NNE

NE
ENE

E
ESE

SE
SSE

  0.54
  1.08
  0.18
  0.54
  0.90
  0.18
  0.18
  0.00

  0.54
  1.98
  1.26
  0.90
  1.44
  1.62
  1.26
  0.90

  5.04
  4.32
  4.32
  3.96
  4.50
  6.47
  3.24
  4.86

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

PERCENT OCCURRENCE: Wind Speed  ( Meters Per Second)
    LOWER BOUND OF CATEGORY

DIR 0.1 0.5 1 2 3 4

S
SSW

SW
WSW

W
WNW

NW
NNW

  0.54
  0.54
  0.90
  0.36
  0.18
  0.54
  0.54
  0.54

  0.90
  0.54
  0.36
  1.80
  2.34
  1.80
  1.80
  2.34

  2.70
  4.86
  4.32
  3.96
  4.50
  3.78
  4.14
  5.58

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00
  0.00

TOTAL OBS =  559   MISSING OBS =    0 CALM OBS =    3

Yeovilton (95% RCM)

N

S

W E

No observations were missing.
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Figure 8(a): 95th (left) and 5th (right) percentile wind speeds(m/s) and 
directions (degrees)  from observed (bottom) and modelled (top) data 
for Ringway. 

Figure 8(b): 95th (left) and 5th (right) percentile wind speeds (m/s) and 
directions (degrees) from observed (bottom) and modelled (top) data 
for Yeovilton. 
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Figure 9: Seasonal wind speed (m/s) and direction (degrees) for Yeovilton (1961-1990). 
HadRM3H winds on the left and station winds on the right. 
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Figure 10: Seasonal wind speed (m/s) and direction (degrees) for Manchester Ringway 
(1961-1990).  HadRM3H winds on the left and station winds on the right. 
 
 
3.3  Analysis of Future Changes in Mean Daily Wind Speed and Direction 
The changes in mean daily wind speed and direction presented in this section are derived 
from output for the A2a ensemble member for the period 2070-2099.  Thus they are 
comparable with those for the medium-high emissions scenario for the 2080s presented in the 
UKCIP02 report (Hulme et al., 2002).  
 
Table 2 indicates that no clear change in wind speeds and directions are identifiable at the 
annual level – a result which corresponds closely to the conclusions from the UKCIP02 
report.  However, changes are found at the seasonal level in this study and also in UKCIP02. 
The following section discusses the future changes in wind characteristics and compares the 
findings from this study to those from the  UKCIP02 report. 

   
Changes in seasonal wind speed and direction 
Table 3 and Figure 11 show the changes in future wind speeds relative to seasonal mean daily 
wind speeds for the 1961-1990 period as simulated by HadRM3H. These changes are broadly 
consistent with those identified in the UKCIP02 report (Hulme et al., 2002).  However, they 
are not entirely consistent with UKCIP02, for reasons which are discussed in Section 3.4. 
 
From Figure 11, it can be seen that the annual percentage changes in wind speed are very low 
for the nine stations.  In winter, increases in speed are found at stations located along the coast 
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of southern England and East Anglia whilst decreases are found at central and upland stations. 
The UKCIP02 report identifies increases in the range of 3-9%, however, in this study the 
maximum increase is 5% and decreases are also found.  In summer, coastal stations tend to 
experience a slight decrease in speeds whilst those inland experience a slight increase.  In 
autumn, the changes in this study are consistent with those of UKCIP02 in terms of the 
direction of the change but not necessarily the magnitude.  In spring, the changes identified in 
this study are consistent both in direction and magnitude to those reported in UKCIP02. 
 
The UKCIP02 report (Hulme et al., 2002) does not provide information about potential future 
changes in wind direction.  As can be seen in Figures 12 and 13, which show the frequency of 
wind direction for the present and future periods, there is no clear change in the predominant 
wind direction at Manchester or Yeovilton.  Instead there seems to be some reduction in the 
frequency of winds from the currently dominant directions.  For Manchester, for example, in 
summer, although the currently dominant directions of northeast and northwest can be 
identified in the future, the prominence of these directions is less clear.  Similarly, for 
Yeovilton in summer, the dominant direction changes from southwest and west to southwest, 
west  and north.  For the winter season, wind direction in the future is very similar to that of 
the present day.   
 
Thus it is concluded that HadRM3H does not indicate any significant change in wind 
direction.  Similarly, any projected changes in wind speed are in the order of a few tenths of a 
ms-1 only (Table 3).  Combined with the failure of the RCM to accurately simulate present-
day wind direction and the consistent underestimation of wind speed (see Section 3.2), it is 
still not possible to make any confident statements about future changes in wind.   
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Table 3: Present (1961-1990) and future (2070-2099) modelled wind speeds (m/s) for Yeovilton and Manchester Ringway. 

 
 Mean 

speed 
Max. 
speed 

Min. 
speed 

1st % 
speed 

5th % 
speed 

10th % 
speed 

25th % 
speed 

50th % 
speed 

75th % 
speed 

90th % 
speed 

95th % 
speed 

99th % 
speed 

PRESENT 1961-90 
Yeovilton 

DJF 
 

8.28 
 

19.63 
 

0.38 
 

1.23 
 

2.90 
 

4.01 
 

6.03 
 

8.32 
 

10.56 
 

12.42 
 

13.53 
 

15.61 
MAM 6.09 17.27 0.10 0.78 1.72 2.51 3.97 5.90 8.05 9.80 11.00 13.22 

JJA 4.99 14.14 0.04 0.61 1.61 2.05 3.29 4.77 6.55 8.1 8.92 10.81 
SON 6.49 17.54 0.15 0.81 1.81 2.58 4.19 6.26 8.61 10.70 11.84 14.01 

Manchester  
DJF 

 
4.73 

 
13.00 

 
0.06 

 
0.63 

 
1.40 

 
1.95 

 
3.09 

 
4.54 

 
6.26 

 
7.72 

 
8.63 

 
10.10 

MAM 4.67 15.88 0.09 0.72 1.51 1.99 3.05 4.45 6.12 7.58 8.46 10.42 
JJA 4.61 12.68 0.06 0.67 1.48 2.08 3.19 4.55 5.87 7.17 8.10 9.83 

SON 4.33 12.92 0.17 0.75 1.35 1.86 2.84 4.14 5.64 7.05 7.97 9.45 
FUTURE 2070-2099 

Yeovilton 
DJF 

 
8.52 

 
19.14 

 
0.40 

 
1.52 

 
3.36 

 
4.79 

 
7.52 

 
10.40 

 
13.13 

 
15.19 

 
16.44 

 
18.91 

MAM 6.11 15.83 0.10 0.79 1.77 2.43 3.99 5.91 7.94 9.99 11.31 13.41 
JJA 4.55 14.07 0.06 0.69 1.61 2.33 3.60 5.41 7.37 9.00 10.02 12.18 

SON 6.15 17.99 0.03 0.78 1.65 2.40 3.85 5.87 8.10 10.33 11.60 14.20 
Manchester  

DJF 
 

4.68 
 

12.76 
 

0.16 
 

0.62 
 

1.45 
 

2.02 
 

3.06 
 

4.58 
 

6.07 
 

7.54 
 

8.51 
 

9.98 
MAM 4.65 14.35 0.12 0.67 1.31 1.83 2.92 4.50 6.11 7.55 8.53 10.42 

JJA 4.58 12.53 0.09 0.73 1.49 2.08 3.18 4.41 5.82 7.29 8.19 9.87 
SON 4.24 13.19 0.11 0.72 1.38 1.93 2.85 4.12 5.44 6.80 7.62 8.98 
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Figure 11:  Percentage change in future mean daily wind speeds as simulated by HadRM3H. 
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Figure 12: Changes in the summer mean daily wind direction as simulated by 
HadRM3H for Yeovilton (top) and Manchester Ringway (bottom). The 1961-1990 
period is shown on the left and the 2070-2099 period on the right. 

Figure 13: Changes in the winter mean daily wind direction as simulated by HadRM3H for 
Yeovilton (top) and Manchester Ringway (bottom).  The 1961-1990 period is shown on the 
left and the 2070-2099 period on the right.  
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3.4  Discussion and Summary of Conclusions 
Two key questions arise from the results presented in Sections 3.2 and 3.3. 
 
Why are the projected changes not wholly consistent with those of UKCIP02? 
The changes in wind speed shown in this report differ in some details from those of the 
UKCIP02 report (see Section 3.3) for a number of reasons: 
 

1 This study only had access to one ensemble member for the future period for the A2 
scenario.  As a result, it was not possible to determine the range of natural variability 
or to assess the changes in wind speed and direction across the three ensemble 
members used in the UKCIP02 report. 

 
2 Changes in wind direction as well as wind speed are of interest to the BKCC 

programme. Thus direction was computed from the U and V wind components output 
from HadRM3H.  To ensure consistency, the speed as well as the direction were 
computed from these components.  In contrast, the UKCIP02 report did not analyse 
wind direction and hence used the daily mean wind speed output directly from the 
model. There are slight differences between the speeds calculated from the U and V 
components and those of the daily mean speed variable. 

 
Why does HadRM3H have problems simulating wind speed and direction? 

1. One of the biggest problems in the simulation of wind speeds in the RCM is its 
inability to accurately simulate changes in wind speed with height.  Figure 14 clearly 
shows that the modelled wind speeds erroneously decrease with height.  However, the 
reduction in wind speed along coastlines associated with the increase in friction over 
land is modelled correctly.  The fact that the RCM tends to simulate more realistically 
the winds (both speed and direction) at coastal and lowland stations, i.e., Yeovilton, 
than those at inland and highland stations, i.e., Manchester, is a reflection of the 
models inability to accurately simulate wind-speed changes with height.  

 
2. Small-scale and high intensity winds are sub-grid scale processes which cannot be 

modelled directly within the RCM.  Even the high spatial resolution of 0.44ë x 0.44ë 
(about 50 km2)  is too coarse, as is the high resolution topography.  Surface roughness 
and the location and orientation of topography have a huge influence on wind speeds 
and directions – channelling winds and creating mechanical turbulence.  For example, 
small turbulent eddies are at the microscale (several metres) with a life span of 
seconds to minutes.  Such eddies are clearly too small to be modelled effectively by an 
RCM with a resolution of 50 km.  There is also a problem comparing point values 
(i.e., station values) to grid-box areas of, in the case of HadRM3H, 250 square km.  
These scale issues are likely to be the main cause of the errors in simulating wind 
direction in HadRM3H.  The spatial resolution of HadRM3H is typical of the current 
generation of RCMs, thus all these models are likely to experience similar difficulties 
in simulating wind.  

 
3. The temporal resolution of the RCM winds also causes problems with the accurate 

modelling of speeds.  The highest temporal resolution available for this study was the 
daily average wind speed which is probably an additional cause of the modelled winds 
being so much slower than the observed winds. 
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4. It is possible that some of the discrepancies between observed and modelled data are 

due to problems with siting of the anemometers and microclimate effects.  However, 
the systematic nature of the biases across all stations indicates that this is unlikely to 
be a major factor. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14:  Changes in wind speed with height.  Annual average of mean daily wind speed  
(m/s) over Europe simulated by HadRM3H.  
 
 
Thus the overall conclusions of the analyses presented in Section 3 are that: 
 

1 The RCM does not accurately simulate wind speed or direction for the nine 
stations under consideration. 

 
2 The reasons for this are likely to be related to the coarse spatial resolution of the 

model and its topography and to the averaging of wind speeds and direction over 
relatively large areas (250 square km) and time scales (24 hours). 

 
3 The results suggest that a correction factor of 1.65 could be applied to the mean 

daily modelled winds to make them more realistic. 
 

4 In view of these problems in model performance, the relatively small changes in 
wind speed and direction projected for the future should be treated with caution. 
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4.  ADVICE TO BKCC PARTICIPANTS CONCERNING THE USE OF WIND 
SCENARIOS 
 
The analyses of HadAM3H and HadRM3H output presented in Section 2 do not indicate any 
significant change in cyclone intensity, frequency or spatial distribution in the future.  This 
implies that major changes in wind speed and direction are unlikely.  This is confirmed by the 
analysis of HadRM3H output described in Section 3 – there are no significant changes in 
mean annual and seasonal wind direction and any changes in wind speed, although more 
noticeable at the seasonal than annual level, are in the order of a few tenths of a ms-1.  
However, the inability of this RCM to simulate present-day winds means that little confidence 
can be applied to the future predictions of wind speed and direction. 
 
Thus the advice to BKCC participants is that the UKCIP02 conclusions about the reliability of 
wind scenarios (see Section 1) remain valid. 
 
The daily and hourly weather generators developed by the Climatic Research Unit as part of 
the BETWIXT project provide time series of wind speed which are consistent on a day-by-
day and hour-by-hour basis with the other weather generator variables.  However, any 
changes in wind simulated by the weather generator are forced by changes in precipitation 
and temperature only.  The latter changes are prescribed to be consistent with the UKCIP02 
changes in these variables (i.e., with daily HadRM3H precipitation and temperature output).  
Given the concerns over the reliability of the wind changes described here, it was not 
considered appropriate to perturb the weather generator using the HadRM3H wind changes. 
 
The work presented in this technical briefing note is based entirely on analysis of the Hadley 
Centre models used to produce the UKCIP02 scenarios.  HadRM3H has a spatial resolution 
which is typical of the current generation of European RCMs.  Thus it is likely that all these 
models experience similar problems in simulating wind.  Output, including storm-tracks and 
wind, from a number of European RCMs is currently being analysed as part of the major 
European Union funded PRUDENCE (http://prudence.dmi.dk/) and MICE 
(http://www.cru.uea.ac.uk/cru/projects/mice/) projects.  Future publications arising from these 
projects are therefore likely to be of interest and will be communicated to participants in the 
BKCC programme as they appear.   
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