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1. OVERVIEW OF THE CRU HOURLY WEATHER GENERATOR

The starting point for climate scenario constructim the Building Knowledge for a
Changing Climate (BKCC) programme is the four gen#?CC SRES emissions scenarios
and the UKCIP0O2 scenarios (Hulne¢ al, 2002) which are the most recent, detailed and
reliable climate scenarios for the UK. Howeveg thKCIPO2 scenarios have a number of
disadvantages with respect to the requirementshef BKCC programme. The spatial
resolution of these scenarios (50 km by 50 km)tik soarser than required for some
applications, for example, and they do not prowpaét-specific or sub-daily information.
Some features of the present-day climate, partigweith respect to extreme events such as
high temperatures and extreme precipitation, amlpoepresented. A number of different
approaches could be used to address these disadeant

The most appropriate approach, given the lack antgpecific information and concern
about reliability, together with the need for setirsistent scenarios for a number of variables
(i.e., precipitation, temperature, vapour presstgkative humidity, wind speed and sunshine
duration) is to use the Climatic Research Unit (JRIdily and hourly weather generators.
The CRU hourly weather generator is described hefae daily version is described in
BETWIXT Technical Briefing Notes 1 and 4.

A number of different weather generators are akikelgsee Wilks and Wilby, 1999, for a
review). The CRU daily weather generator was afiitideveloped by Jones and Salmon
(1995) and has been extensively modified as parthef BETWIXT project in order to
construct daily climate scenarios for use in theC8Kprogramme. Further modifications
were undertaken in the BETWIXT project to producautty output — the subject of this
technical briefing note.

Hourly measurements of past meteorological obsemnatat a given site are used to estimate
the model parameters, which are then used in aastic model to generate streams of hourly
weather variables (Table 1).

Precipitation is the fundamental, primary variabléhe weather generator, from which all the
other variables are derived using regression oglakiips or subsequent direct calculation.
Thus it is important that a sufficiently reliableethod is used to generate precipitation. Here,
the RainClim software developed by the UniversifyNewcastle during the BETWIXT
project (see Technical Briefing Note 2) is usedinRé&m is based on the Generalised
Neyman-Scott Rectangular Pulses (GNSRP) approach.

Once precipitation has been generated, the secpudaables (temperature, vapour pressure,
wind speed and sunshine duration) are generatedig6e2). Finally, relative humidity is
calculated from the generated variables (Section 3)

The modelling sequence is as follows:

Run RainClim to obtain hourly rainfall

Aggregate hourly rainfall to daily

Use aggregated daily rainfall to generate dailygerature
Run the hourly regressions for temperature andr atiugables

PwpE
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Table 1: Weather variables produced by the CRU Hgwveather generator.

Primary generated variable — from RainClim:

Precipitation (mm)

Secondary generated variables:

Temperature (degrees C)
Vapour pressure (hPa)
Wind speed (m$
Sunshine duration (hours)

Calculated variable:

Relative humidity (%)

A suitably long (i.e., at least 10 years) houriyei series of observed meteorological data
must be available in order to calibrate or traie Weather generator for each station location,
l.e., in order to calculate the weather generatmiables for each site. For the hourly
simulations six sites (Table 2) have been seleitted the BETWIXT daily sites. The choice
of sites was limited by RainClim’s built-in suité ites and data availability. Hourly data for
the selected station sites were obtained from titesB Atmospheric Data Centre and used to
calculate the weather generator parameters. Tdetsehave also been re-formatted into the
same format as the CRU weather generator outputasmdavailable for use by academic
BKCC partners from the BETWIXT web site.

Table 2: The six BETWIXT stations.

Latitude Longitude (W Years %
is —ve) completeness

Abbotsinch/Paisley 55.86 -4.43 1983-1993 100
Elmdon 52.45 -1.73 1983-1995 94
Eskdalemuir 55.32 -3.20 1980-1993 80
Heathrow 51.48 -0.45 1976-1995 100
Hemsby 52.68 1.68 1982-1997 99
Ringway 53.35 -2.28 1980-1990 100

The years used for calibrating the weather genefatoa particular site were governed by
data availability. The weather generator is stetthawhich means that, once the parameters
have been calculated, it can be run for any lengtime. For all validation simulations, the
weather generator is run for 30 years. The siradldaime series should have the same
distribution and statistical characteristics asttaaing period, but the simulated years do not
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correspond to a ‘real’ calendar year, i.e., these no day-by-day or year-by-year
correspondence between the observed and simulatedseéries. Thus in the output files the
years are numbered 0001 to 0030 rather than 196390.

A different sequence of random numbers is prodwaegh time the weather generator is run,
hence different daily and hourly time series aredpced each time. Thus it is important to
use output from multiple runs when validating parfance. Initially, the hourly weather
generator was run 100 times for each simulaticscoord with the daily generator. However,
comparison with 50 runs for each simulation setcaigéd there was little to be gained by the
higher number of runs and had the disadvantagemf large output files. Thus, in order to
reduce computational time and data volumes, thehg&eaenerator was run 50 times, i.e.,
each validation simulation set consists of 50, 88ryong simulations.

Section 2 describes how the secondary variablegarerated, while Section 3 deals with the
calculated variable. Section 4 explains how therlyogenerator is run, using output for one
station, Ringway, as an example. This section alstines how the scenario series are
produced, maintaining consistency with UKCIP02.

Two sets of validation plots for all six sites @m@sented in the appendices: (a) precipitation
(Appendix 1 - see discussion in Section 5.1); dhjlfemperature, sunshine, wind speed and
vapour pressure (Appendix 2 — see discussion itid®eB.2). These plots compare observed
(blue) and simulated (red) variables. In each ,cHs® mean of the 50 weather generator
simulations is shown (red dots), together with pies/minus two standard deviation range
(red vertical lines and bars) calculated acrossSesimulations. Since there is only one

realisation of the observations, these are indichiea single blue cross. The performance of
the weather generator is considered to be good evieerthe observed value falls within the

simulated range, and very good whenever the obdesakeie is very close to the mean of the
simulated series.

2. SECONDARY GENERATED VARIABLES - TEMPERATURE, VA POUR
PRESSURE, WIND SPEED AND SUNSHINE DURATION

Mean temperature, diurnal temperature range, vapoessure, wind speed and sunshine
duration for daily and hourly timescales are datiwbdrough first order auto-regressive
processes (Mearret al, 1984). Daily minimum and maximum temperatunesthen derived
from the mean temperature and diurnal temperatange. For reasons of simplicity, all
variables are normalised to a mean of unity andaadsrd deviation of one. Using the
aggregated observed hourly data, the daily regnesseights are calculated by fitting the
appropriate equation (i.e., 2.1, 2.2, 2.3 or 2@ the appropriate rainfall transition and
secondary variable.

2.1 Daily mean temperature and diurnal temperaturerange

The data are divided up into half-monthly blocks teat any seasonal variation of the
regression weights can be allowed for. In addjtidata for the following four day-to-day
transition types are treated separately (includiognalisation, see above):



BETWIXT Technical Briefing Note 8

Appendix 1

Transition Yesterday Today
DD Dry Dry
ww Wet Wet
DW Dry Wet
WD Wet Dry

This is a necessity, as the correlation of tempeeabetween successive DD days, say, is
distinctly different from successive WW days.

DD andWWwW

X =aX; + (2.2)
DW

X, =aX, , +dP + (2.2)
WD

X, =aX_, +dP  + (2.3)

where theX; s are mean temperature or diurnal temperaturgertor the different transitions,
anda andd are the regression weights. The random elemeésntthe product of a number
chosen at random from a normal distribution, scdtedensure that the overall standard
deviation of the generated series is unity.

2.2 Daily vapour pressure, wind speed and sunshine dutian
For vapour pressure, wind speed and sunshine dorati

X; =aX,; +bT, +cR +dP + (2.4)

whereX; is vapour pressure, wind speed or sunshine datafjds mean temperatur& is
diurnal temperature range afgis mean precipitation anal b, c andd are the regression
weights. The random elemenis again the product of a number chosen at ranflom a
normal distribution, scaled to ensure that the alVstandard deviation of the generated series
IS unity.

2.3Hourly mean temperature
This is obtained by

SR SR OM OM
T, =or% T 10s- o 0 +SM - OR (1- (h- 05)/24)+ SM- OR (2.5)

whereT, , is the simulated hourly temperatu&Ris the simulated daily temperature range,

ORis the observed daily temperature rartgpd,is the simulated daily mean temperat@d)
is the observed daily mean temperature and

x = asin(2oh/24) + bcod20h/ 24) + csin(4ph/ 24) + d cod4ph/24) + esin(6ph/24) + f cod6oh/24) + g
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wherea-g are the regression weights.

2.4Hourly vapour pressure, wind speed and sunshine dation

For vapour pressure, wind speed and sunshine daorati
Xip=aX, ,, +bT, +cT_, +dR, +e (2.6)

whereX; is vapour pressure, wind speed or sunshine duatafios mean temperature, afgl

is mean precipitation aral b, c andd are the regression weights. The random eleméent
again the product of a number chosen at random &armarmal distribution, scaled to ensure
that the overall standard deviation of the gendraszies is unity.

3. CALCULATED VARIABLE

3.1 Relative humidity
Relative humidity i(h) is calculated from vapour pressuw)(using equation 3.1. Saturated
vapour pressure/f) is calculated using the Magnus equation 3.2:

th=P (3.1)
VR,
17.381
vp, =6.1078% (3.2)

wheret is mean temperature.

4. RUNNING THE CRU HOURLY WEATHER GENERATOR
4.1 Data and output

A suitably long (i.e., at least 10 year) hourly ¢iseries of observed meteorological data must
be available in order to calibrate or train the theagenerator for each location, i.e., in order
to calculate the weather generator parametersdahn site. For the hourly simulations, six
sites were selected from the BETWIXT daily sitese3e were limited by RainClim’s built-in
suite of sites and data availability. These siteBide Ringway (Manchester Airport), which
has hourly data for the period 1980-1990 (Table BPhe Ringway data are used here as an
example of running the CRU hourly weather generator

The results (Figures 1-6) are for 50 runs of 30ry®mulations. A different sequence of
random numbers is produced each time the weathegrg®r is run, hence different daily



BETWIXT Technical Briefing Note 8 Appendix 1

time series are produced each time. Thus it isomapt to use output from multiple runs

when validating performance and so the weatherrgéoeresults are averaged over 50 30-
year long simulations. Although the model washralied for the 11-year period 1980-1990
in this example, its stochastic nature means thatetis no day-by-day or year-by-year
correspondence between the observed and simuiatedéries.

4.2 Present-day simulations

Mean precipitation (which comes from RainClim) igllivnodelled for January (Figure 1).
However, for July, there is a tendency to overestitnmean precipitation. Precipitation wet
hours tend to be underestimated. Wet hour persist@figure 2) is reasonably well modelled.
The greater inaccuracies occur at the one hourl.ldmethe latter case, persistence is
underestimated in January and overestimated in Bolyfrequency of wet hour amounts, the
main source of inaccuracy is at the 0.1-0.5 classll(i.e., underestimation both in January
and July).

For mean temperature (Figure 3), the generatoruceptthe diurnal cycle, although for
January it has a tendency to overestimate the paatkdroughs. Mean sunshine (Figure 3)
also exhibits (to a lesser extent) an overestimafar January. For July, however, both
variables are well modelled.

The temperature variability (Figure 4) has an olgrdiurnal cycle which is only partly
captured by the model, although for about halfttbers it is quite accurate. For sunshine, the
variability is consistently underestimated. Thisynh& due to the sunshine not being normally
distributed with the added complication (at the dholevel) of simulating zeros and ones
(i.e., no sunshine for that hour or continuous Buresfor that hour respectively).

Wind speed and vapour pressure (Figures 5 ance@uare well modelled for both the means
and standard deviations.

4.3 Scenario simulations

In the scenario runs, changes at the hourly lexgeldaven by changes in daily temperature
and precipitation. This is because, in the absehseb-daily regional climate model output,
it has to be assumed that the relationships betvekzely and hourly variables will be
unchanged in the future.

‘Change factors’ for mean daily precipitation arainfall are calculated from the same
HadRM3H regional model simulations as used to ptedhe UKCIPO02 spatial patterns. The
UKCIP02 multiplying factors (see Table 7 of Hulrekeal.,2002)are used to scale from the
2080s medium-high emissions scenario to other émmssscenarios and time-periods.
RainClim incorporates projected changes in the meariability and skewness of
precipitation, while the CRU daily weather generatses changes in the mean and variability
of maximum and minimum temperature.

The scenario changes for Ringway are plotted iokbla Figures 1 to 6. Consistent with the
daily scenario changes, these indicate wetter tiondiin winter and dryer in summer, with
higher temperatures throughout the year and inecesgnshine duration in summer. Little or
no change is indicated in wind speed and vapoursspre. A complete set of
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validation/scenario plots for all four UKCIP emisss scenarios (low, medium-low, medium-
high and high), three time periods (2020s, 2050% 2080s) and all six sites (Table 2) is
available from the BETWIXT web sitehitp://www.cru.uea.ac.uk/cru/projects/betwixt/

4.4 Sensitivity test using Heathrow data

Some concern was felt for the accuracy of the tesubduced using relatively short periods
of observed data (e.g. Ringway only has 11 ye&isice Heathrow has the longest run of
observed data (20 years, 1976-1995), a full setrd was repeated using the first 10 years of
data (1976-1985) in order to compare with the tesuing all the data. From Figures 7-10,
no clear difference in accuracy (i.e., the diff@eietween observed and simulated values) is
evident when using all the data. The differencethénobserved means for the two periods do,
however, have an influence particularly for tempae@ In January, for example, both
observed and simulated temperatures are consistémtler for the 1976-1985 period
compared to the full period (Figure 7).

5. VALIDATION PLOTS
5.1 Precipitation

The first set of validation plots (Appendix 1) @ forecipitation (generated using RainClim).
In each case, mean values for each hour are shmwiariuary and July.

The first parameter shown is mean hourly precipitatan indicator of precipitation intensity,
followed by percent wet hours, an indicator of gp@ation occurrence. The mean is quite
well simulated for all sites and hours for the wmtnonths, i.e., the observed value falls
within or close to the simulated range in most sag®r July, however, there is a consistent
overestimation. Wet hour persistence is in genguie well modelled, though with some
inaccuracies at the lower end of the scale. Focegmrwet hours, there is a consistent
tendency to underestimate at the lower end ofthkes

5.2 Temperature, Sunshine, Wind Speed and Vapounr@&ssure

The second set of validation plots (Appendix 2)vehianean values for January and July for
the secondary variables (i.e., temperature, suasimours, wind speed and vapour pressure).
The other calculated variable, relative humidisynot shown as this is calculated from vapour
pressure (Equations 3.1 and 3.2).

The top two panels in the first Appendix 2 plotswimean temperature for January and July.
The seasonal cycle of both variables is very wiellutated at all stations for July. The

regression equations used to generate temperdqeation 2.5) include a random element
term. However, the variability across the 50 samiohs is considerably less than for

precipitation. The standard deviations show a sldgtarnal cycle for the observed which the

weather generator fails to capture, although introases it is fairly close.

At all stations, the weather generator slightly regémates, to varying degrees, mean
sunshine hours for January and slightly undereséisnan some instances for July. Overall,
however, the shape of the diurnal cycle is welludated. The standard deviations indicate
insufficient variability particularly in January.
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The weather generator underestimates mean windispedanuary at Eskdalemuir, Ringway
and Paisley where the observed values lie justaltoe simulated range; at the other sites
and for July the observed values are well modelledr EImdon and Hemsby the standard
deviations are slightly overestimated, otherwisgytare quite well modelled.

Vapour pressure is simulated well at all statiomsthe means and reasonably well for the
standard deviations.

6 CONCLUDING REMARKS

The CRU hourly weather generator is able to provnderly time series for the weather
variables listed in Table 1 for specific UK sitesch as Ringway, which have sufficient (i.e.,
at least 10 years) of observed data for the primmad/secondary generated variables.

The figures presented in the appendices to thisnteal briefing note indicate that mean
values are generally well and in most cases, vetly simulated, by the CRU hourly weather
generator — for the primary, secondary and theutatied variables.

Nonetheless, some systematic biases have beenifiekentin particular, the diurnal
temperature cycle is not as well simulated in wirge in summer, and there are problems
associated with the simulation of sunshine (whatds to be overestimated, most notably in
winter). It is hoped that future work on the hguweather generator will address these
issues.

Overall, however, the performance of the CRU daigather generator is considered to very
satisfactory, and robust across the range of Uate regimes for which it has been tested
here (i.e., from wet northern sites such as Eskdaileto dryer/warmer southern sites such as
Hemsby). Thus it is concluded that it is an appetp tool for the needs of the BKCC
programme, i.e., for the construction of high sgd&gmporal resolution state-of-art climate
scenarios for selected case-study locations whiettansistent with the UKCIP02 scenarios
(Hulmeet al, 2002).
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Figure 1. Observed (blue), simulated control (redhd simulated scenario (black) mean
hourly precipitation (top and % panel) and percent wet hours and bottom panel) for

each hour at Ringway. Observed values are the mdanthe period 1980-1990. The
simulated values are the mean of 50 30 yr runs &Jof he error bars show the variability of
the 50 simulations (plotted as plus/minus two standl deviations around the mean).
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Ringway (2080s) Medium High
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Figure 2: Observed (blue), simulated control (reaiad simulated scenario (black) wet hour

persistence (top two panels) and frequency of wetithamounts (bottom two panels) for

Ringway. Observed values are the mean for the pi980-1990. The simulated values are
the mean of 50 30 yr runs.
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Temperature - January

T T T T T T T T T T T T
= ¥ - -
£ =
_IIIIIIIIIII Il;gl};iz III_
¥
L g A A 2 A A t¥rzx
| | | | | | | | | | | |
an o2 04 Q& 5] 10 12 14 16 18 20 22
00 hours

Temperature - July

Trxrzxz xzgxxz T

=
x

¥ ¥ N

ii

IIIIIIIIII
% ¥ ¥ ¥ ¥ X ¥
x ¥ ow o,

T X x oy g ox™ X v
| 1 1 1 1 1 | 1 1 1 1 1
oo 02 04 0& 0a 10 12 14 16 18 20 22
00 hours
sunshine - January
T T T T T T T T T T T T
L e _
L = = i = _
E 3
. e e e e, 1 | 1 1 T s g
oo oz 04 (] (}a] 10 12 14 16 15 20 22
00 hours
Sunshine - July
T T T T T T T T T T T T
i T TP XTIT T g ¢ I
¥ x
L % % ¥ % X x E ¥ ¥ ¥ x x :g: ]
- f —_
- e
. e e 1 1 1 | 1 1 1 1 g
oo oz 04 (]2 (}a] 10 12 14 16 15 20 22
00 hours

Figure 3: Observed (blue), simulated control (redhd simulated scenario (black) mean
hourly temperature (top two panels) and mean sumshibottom two panels) for each hour
at Ringway. Observed values are the mean for theqee1980-1990. The simulated values
are the mean of 50 30 yr runs (dots). The error bashow the variability of the 50
simulations (plotted as plus/minus two standard @wns around the mean).
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Ringway (2080s) Medium High - hourly standard deviations
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Figure 4. Observed (blue), simulated control (reddnd simulated scenario (black)

temperature standard deviations (top two panelsyiaunshine standard deviations (bottom
two panels) for each hour at Ringway. Observed \edware the mean for the period 1980-
1990. The simulated values are the mean of 50 30unrs (dots). The error bars show the
variability of the 50 simulations (plotted as plusinus two standard deviations around the
mean).
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Ringway (2080s) Medium High - hourly means

Wind Speed - January
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Figure 5: Observed (blue), simulated control (redhd simulated scenario (black) mean
hourly wind speed (top two panels) and mean vapptassure (bottom two panels) for each
hour at Ringway. Observed values are the mean toe period 1980-1990. The simulated
values are the mean of 50 30 yr runs (red dots)eTdrror bars show the variability of the
50 simulations (plotted as plus/minus two standalelviations around the mean).
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Ringway (2080s) Medium High - hourly standard deviations
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Figure 6: Observed (blue), simulated control (redhd simulated scenario (black) wind
speed standard deviations (top two panels) and uapoessure standard deviations (bottom
two panels) for each hour at Ringway. Observed \edware the mean for the period 1980-
1990. The simulated values are the mean of 50 30wrs (red dots). The error bars show
the variability of the 50 simulations (plotted asug/minus two standard deviations around

the mean).
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Heathrow Validation Sensitivity Test - hourly means

Temperature - January
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Figure 7. Observed (blue), simulated control (red)bserved for 50% data (green) and
simulated control for 50% data (black), mean temptire (top two panels) and mean
sunshine (bottom two panels) for each hour at Ringyv The simulated values are the mean
of 50 30 yr runs (dots). The error bars show thaimaility of the 50 simulations (plotted as

plus/minus two standard deviations around the mean)
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Heathrow Validation Sensitivity Test - hourly standard deviation

Temperature - January

15 T T T T T T T T T T T T
10 1
[
[m]
5 i 4 k 4 b4 Ly H b4 = H o Y 2 3 N
T I I IE IR YR SY I IE aF aE A A ¥y v dv v vy ¥r Fvse vy
D | | | | | | | | | | | |
oo oz 04 (]~ (s 10 12 14 16 18 20 22
00 hours
Temperature - July
3|:| T T T T T T T T T T T T
20F 1
[
[m]
10 F -
D | | | | | | | | | | | |
oo o0z 04 06 (W[5 10 12 14 16 18 20 22
00 hours
Sunshine - January
1 T T T T T T T T T T T T
0ar -
w 06 4
=
[}
T 04F W W XM M Ma o —
0.2} o amEITEEES ]
0 T A AP AN el | 1 I ™ e de medn e e sn
oo o0z 04 06 (W[5 10 12 14 16 18 20 22
00 hours
Sunshine - July
1 T T T T T T T T T T T T
0ar -
w 06 4
2
T 04f K T g S e g e e o e o e 7
E = =
02F u w -
0 L i dog | 1 1 1 | 1 1 T" i
oo oz 04 (] s 10 12 14 16 18 20 22
00 hours

Figure 8: Observed (blue), simulated control (red)bserved for 50% data (green) and
simulated control for 50% data (black), temperatustandard deviations (top two panels)
and sunshine standard deviations (bottom two pahdisr each hour at Ringway. The

simulated values are the mean of 50 30 yr runs &Jof he error bars show the variability of
the 50 simulations (plotted as plus/minus two standl deviations around the mean).
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Heathrow Validation Sensitivity Test - hourly means

Wind Speed - January
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Figure 9: Observed (blue), simulated control (red)bserved for 50% data (green) and
simulated control for 50% data (black), mean windezed (top two panels) and mean vapour
pressure (bottom two panels) for each hour at Riregw The simulated values are the mean
of 50 30 yr runs (dots). The error bars show tharmaaility of the 50 simulations (plotted as
plus/minus two standard deviations around the mean)
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Figure 10: Observed (blue), simulated control (Jeabserved for 50% data (green) and
simulated control for 50% data (black), wind spesthndard deviations (top two panels)
and vapour pressure standard deviations (bottom tpanels) for each hour at Ringway.
The simulated values are the mean of 50 30 yr ruf@®ts). The error bars show the
variability of the 50 simulations (plotted as plusinus two standard deviations around the

mean).
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APPENDIX 1: VALIDATION PLOTS FOR PRECIPITATION

Observed (blue) and simulated (red) values for &acin for the following variables:

Mean hourly precipitation - January (mm hdur
Precipitation percent wet hours - January (%)
Mean hourly precipitation - July (mm hobr
Precipitation percent wet hours - July (%)
Wet hour persistence - January

Wet hour persistence - July

Frequency of wet hour amounts - January
Frequency of wet hour amounts - July

Observed values (blue cross) are the mean for énedpshown in Table 2. The simulated
values are the mean of 50 30-year weather genamatsr(red dots). The red lines and bars

show the variability of the 50 series (plotted Assfminus two standard deviations around the
mean).
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Paisley Valication
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Elmdon Validation

Frecipitation - Januarny
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Heathrow Valiclation
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Hemsby Valication
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APPENDIX 2: VALIDATION PLOTS FOR TEMPERATURE, SUNSH INE, WIND
SPEED AND VAPOUR PRESSURE

Observed (blue) and simulated (red) values for é&ach for the following variables:

Mean hourly temperatures - January (°C)

Mean hourly temperatures - July (°C)

Mean hourly sunshine - January (hours)

Mean hourly sunshine - July (hours)

Standard deviation hourly temperatures - Janu&y (°
Standard deviation hourly temperatures - July (°C)
Standard deviation hourly sunshine - January (hours
Standard deviation hourly sunshine - July (hours)
Mean hourly wind speed - January (hs

Mean hourly wind speed - July (s

Mean hourly vapour pressure - January (hPa)

Mean hourly vapour pressure - July (hPa)

Standard deviation hourly wind speed - Januaryjms
Standard deviation hourly wind speed - July {jns
Standard deviation hourly vapour pressure - Jan{id?g)
Standard deviation hourly vapour pressure - JuRajh

Observed values (blue cross) are the mean for énedpshown in Table 2. The simulated
values are the mean of 50 30-year weather genamatsr(red dots). The red lines and bars
show the variability of the 50 series (plotted Assfminus two standard deviations around the
mean).
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Paisley Validation - hourly means

Temperature - January
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Paisley Validation - hourly standard deviation
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Paisley Valication - hourly means
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Paisley Valicdation - hourly standard deviation
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Elmdon Validation - hourly means

Temperature - January
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Elmdon Validation - hourly standard deviation

Temperature - January
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Elmdon Validation - hourly means

Wind Speed - January
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