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Simulation of observed time series of temperature and precipitation

over eastern England

Abstract

Time series of temperature and precipitation from a 3 year integration
of a 5-level general circulation model (Coxby et ai, 1977) by the Dynamical
Climatology branch of the UK Meteorological Office are studied. These are
used to establish, and critiéise, the ability of the model to simulate some
aspects of the observed climate in a single grid box of the model (the
eastern England grid box). Problems concerning the comparison of time
series of model data with time series compiled from meteorological
observations are discussed»and.some teéhniques for overcoming these
problems develéped. .

i L2 Introduction

In recent years much effort has been given to demonstrating the
ability of general circulation models to produce a realistic climate. Much
of this effort has been concentrated on the comparison of time-wmeaned
global fields and time-meaned zonally—averaged fields with eguivalent
observed fields (e.g. Manabe and Hahn, 1981; Mitchell, 1981). If we define
climate as 'the complete statistical description of the internal climate
gystem ....' (Gates, 1981) it can be seen that these time means give only a
limited description of climate, containing no information about the
variance of climate states on periods shorter than that of the means.
Certainly the impact of climate may depend on the variance of climate on

shorter time scales than the monthly or seasonal means often studied. Here
¥
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an attempt is made to compare with observed data the behaviour in time, on
a daily scale, of temperature and precipitation at a single grid box in a 3
year integration of a general circulation model.

To achieve this a combination of simple statistical analyses and
direct comparison is used. There are difficulties with parametric
statistical tests in cases like these; for example to apply statistical
tests to make inferences about a sample from a population, the members of
the sample should be independent. In this work some attempt is made to
gather information about both the distribution of the data and the length
of time betweén independent members (Mitchell, 1980).

2. Data

The UK Meteorological Office 5-level general circulation model (Corby
et al, 1977) modified mainly in the treatment of radiation and land surface
processes has been integrated through a multi-annual cycle as described by
Slingo (1982) and Mitchell (1983). This integratidn was used to supply the
model time series which were approximately 1100 days long starting at model
day 100. These sgries are of daily values of temperature and precipitation
from the eastern England grid box which is approximately 330 km square and
centred near Cambridge (Fig. 1). In the model this grid box has a height
above sea level of 101 m whilst the grid box immediately to the west (Wales
and Ireland) has a height above sea level of 311 m.

The mddel has pressure divided by surface pressure (o) as a vertical
co-ordinate and for temperature instantaneous values at midnight at o = .9
and at the surface were taken, with the o = .9 data being used primaril{.
For precipitation daily accumulated values retrie&ed at midnight were

taken.
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For the real temperature data a daily version of the Central England

- Temperature (CET) time series is chosen (Storey, 1981), this consists of
values meaned over 6 stations. The values are an average of the daily
maximum and minimum screen temperature (at a height above ground of 1.5 m).
A number of slightly overlapping 1100 day time series starting at 1st
January 1959, lst January 1962, 1lst January 1965, 1st January 1968 and 1lst
January 1971 are used.

There are a number of differences between the data sets under
comparison which may be significant. For both precipitétion and
temperature an attempt islbeing made to compare what is essentially an
area—meaned set of values (grid pointAgata being defined to be the value
throughout the grid box area) with the'mean of a number of individual
observations. As the number of represéntative stations chosen for
comparison increases, the approximation to the area mean will improve;
hence, ideally, the maximum number of availabie, representative, stations
from within the grid box area should be used. However not all such
stations are necessarily representative (Manley, 1974; Storey, 198l1); for
example stations may be located in frost hollows, rain shadows, ox in areas
of orographically induced precipitation.

Precipitation has little spatial coherence and its distribution is
highly skewed; hence ﬁ@re stations are needed fo represent the area mean
and as the number of stations increases the skewness will decrease, i.e.
the 'shape’' of the distributioﬁ of real preéipitation depends on the number
of stations used in the mean. By using time series constructed from the

means of differing numbers of stations it may be possible to distinguish




real differences between model‘and real data from those generated by the
number of stations chosen. To achieve this 3 different time series of
daily precipitation totals are chosen.

¥ 1100 consecutive days from a single reporting station, Kew. This

station's location is shown in Fig. 1.

. 1100 consecutive days from the mean of six stations, Birmingham,

Cambridge, Hastings, Kew, Nottingham, and Oxford. The locations of

these stations are shown in Fig. 1. This time series will be referred

to Qs ‘The long period stations'.

e ; 1100 consecutive days from the mean of 144 stations in England

and Wales, but not all in the grid box area, which will be called

‘England and Wales rainfall'

Temperature has greater spatial coherence than precipitation and iﬁs
distribution is far less skewed; hence the choice of the number of stations
to represent the grid box area is less critical. To compare a surface
midnight temperature from the model with a CEf would be inappropriate
because of the difference in the impact of radiative effects in the two .
cases. By using temperatures at o = .9 in the model this problem is
alleviated since the diurnal cycle in temperature is much smaller at this
level; other problems are introduced but these are more systematic and
easier to handle. Some results from a time series of surface temperatures
(instantaneous daily values at midnight) in the model are included to

support conclusions based on the time series at o = .9.
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c I Results of the temperature comparisons

a) Qualitative

Figs. 2 and 3 show time series for both sets of temperature data, the
real time series starting 1st January 1971. The time series in Fig. 3 have
the annual and semi-annual cycles removed by a discrete Fourier transform
(Temperton, 1976). Both time series have a clearly dominant seasonal cycle
with a large number of shorter time scale features superimposed. From
Fig. 3(a) it can be seen that short time scale features of the model time
series vary with season with an apparent increase in the variance, on a
time scale of several days, during the winter months. Closer inspection
shows that this is largely due to a number of intense cold periods which
occur during the model winter. Fig. 3(b) shows the comparable time series
for the surface temperatures from the model; this also displays those
features. This behaviour is only weakly evident in the real data.

Each of the model winters is looked at agéin,'in more detail, in Fig.
4, where time series éf temperature and of U.and V wind components at ¢ =
.9 are shown, U positive from the west, V positive from the south. In each
of the three model winters the most intense cold spell is associated with a
change in sign of the U wind component whilst the V component shows little
systematic correlation with temperature. Fig. 5 shows limited area daily
charts for temperature at o = .9 and mean sea levél pressure for the period
of the most-intense cold spell during the second model winter. At day 640
there is a string of depressions across the north Atlantic extending into -
Europe with a strong westerly flow covering the United Kingdom and a ridge
in the temperature'field over the eastern Atla;tié. .By day 641 a more
intense depression has moved to the southwest of Iceland and in the

following 2 days appears to transfer in a southeasterly direction across



the United Kingdom. This produces an outbreak of easterly winds at o = .9
across much of Europe. On the maps the spread of cold air across the area
can be clearly seen.

b) Statistical Analysis of Time Series

Table 1 shows means and standard deviations for all the time series
used, including one of surface temperatures from the model, and for a 10
year period (1961-1970) of temperatures:both at screen height and at 900 mb
for the radiosonde stations at Crawley and Heméby (Meteorological Office,
1980). Both these stations are within the grid box area (Fig. 1). The S00
mb values are calculated from midnight ascents whilst the screen values are
based on a mean of midnight and midday values. The amplitudes of the
annual cycles at Hemsby and Crawley were estimated from the difference in
temperature between the hottest and coldest month in the year. Table 2
shows the means and standard deviations, where the annual and semi-annual
cycieé have been removed, for the model at tﬁé surface and at 900 mb and
lor all Lho CET Lime sorios,

Temperature statistics from Crawley and Hemsby can be used to help to
distinguish those differences which are due to the comparison of screen
values with values at & =",9 from those differences due to a failﬁre of the
nodel to produce a realistic time series of femperature.

1) Means

Since the model data are from ¢ = .9, or the surface, at midnight and

the C.E.T. data is at scréen height and a mean of maximum and minimum

values a direct comparison of the differept types of time mean should
not be made. Data from Crawley and Hemsby are used to circumvent this

problem.
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Given the temperature in the model at o = .9 it is possible to
approximate the time mean model temperature at 900 wb. The mean
surface pressure, calculated from daily instantaneous values at
midnight, for the eastern England grid box for 1090 days starting at
model day 100 is 994.5 giving a mean pressure at ¢ = .9 of 895.05. If
the time meaned change of temperature with pressure is similar to that
for an I.C.A.0. standard dry atmosbhere (International Civil Aviation
Organisation) then the time meaned differences in temperature between
o = .9 and 900 mb will be approximately 0.3K. This gives, from Table
1.7 a time.meaned nmodel temperature of 4.4 °C at 900 mb at midnight
which is .3K lower than the 900 mb midnight temperature for Crawley
and Hemsby. Hence the model appears to be slightly too cold at 900
mb. (This calculation assumes that the temperature lapse rate and
change in pressure at ¢ = .9 are independgnt).

From Table 1 the mean temperature of the mean of the 5 C.E.T.
time series is 9.4 °C whilst the mean surface temperature of the model
time series is 3.8 °C. To compare these means use is again made of
the temperatures from Crawley and Hemsby. The average of the midnight
and midday temperatures from Crawley and Hemsby, at screen height, is
9.5 °C, close to the 9.4 °C for the C.E.T. time series. Hence, since
the model time series have midnight values these are compared with the
midnigﬁt values, at screen height, from Crawley and Hemsby which over
the 10 years are 7.7 °C and 8.0 °C respectively, about 4K higher than
the model value. However, the model value.is for the surface and a

comparison of screen and grass minimum temperatures suggest the




surface may be typically 2K colder than the air at screen height
indicating that real midnight surface temperature is about 6°C. This
is still warmer than the model value by about 2K.

ii) The annual cycle and standard deviations

The amplitudes of the annual cycle are also shown in Table 1, the
model having a smaller annual cycle than the C.E.T. time series. Part
of this discrepancy occurs becausé the annual range of night time
temperatures is less than the annual range.of mean temperatures, due
to the larger diurnal variation in summer. Figs 6 and 7 show
histograms of real and model temperatures; the histogram of the C.E.T.
time series has a flatter and broader distribution. However, when the
annual and semi-annual cycles are removed much of this difference
disappearé. The histograms are now very similar but with a longer
cold tail in the model distribution.

Table 1 shows the standard deviations for all the cases; the
model value at o0 = .9 is far lower than any of the comparison values,
and in particular is lower than the values for Crawley and Hemsby at
900 mb. The standard deviation for the model su;face temperature is
much closer to thé observed - values and in particular is very.close to
the mean of the C.E.T. standard deviatién which is 5.3 K. However
Table 2 shows that with the annual and semi-annual cycles removed the
standard deviation in the model at both ¢ = .9 and at the surface is
higher than that for the CET time series.

Although the mean difference in heigpt between the 900 mb surface
and the o = .9 surface is small (See previous section) the height of
the 900 mb surface depends on surface pressure. The effect of

moisture content on the height of pressure and sigma surfaces is .



small. The most important influence on the height of a sigma surface
is the temperature of the air below that surface. For example, a major
change in air mass type over the surface of the eastern England grid
box may produce a change of 10°C in the temperature of the lowest
sigma layer in the atmosphere. This would cause a change of
approximately 30 m in the height of the o = ;9 surface. Changes in
elevation of 900 mb surface may be much larger. For example, if a
major depression crosses the grid box area surface pressure may change
from 1000 to 950 mb; with no change in the temperature of the air
beléw the 900 mb surface a change in height of the 900 mb surface of
about 300 m would occur, an oxrder of magnitude greater than the change
in height of the sigma sufface frbm a 10° change in air temperature.
Since teméerature normally decreases with increasing height this
indicates that the variance of temperature at 900 b should be greater
than that at ¢ = .9 (this effect will be modified by correlations
between surface pressure and temperatures at 900 mb a positive
correlation reducing the variances at 900 mb). It would therefore be
incorrect to state from the evidence here that the standarxrd deviation
of the model temperature at o = .9 was too low from a comparison with
the higher values seen for Crawley and Hemsby at 900 mb.

Another factor which may cause the standard deviation to be
higher at Hemsby and Crawley than in the model is the effect of the
annual cycle on the data. Table 1 shows that the annual cycles in the
CET £ime series are la;ger than in the model data. When the annual

and semi-annual cycles are removed, the model both at ¢ = .9 and at




the surface has a higher standard deviation than the CET time series
(Table 2) which may be due to the impact of the periods of intense
cold during the model winters.
iii) Power spectral densities and autocorrelations

Power spectral densities were produced by a maximum entropy
method (Lacoss, 1971) as described by Ross (1975). The technique used
approximates the time series by an autoregressive process and finds
the power spectrum of that process (Ulrycﬁ and Bishop, 1975). The
user of the technique can choose the orxrder of the autoregressive
process, and details of the power spectral densities depend on this
choice. However, for a wide range of orders the shape of the log of
power spectral density for both the real and model time series does
not change.

Box and Jenkins (1976) show that for an autoregressive process

Zt = iél ¢i Zt-i t ag

where‘gk = 2Z¢ — p (1 is the mean of the process), the at's form a
white noise process, and £ is the order of the process then the power .
spectral density can be written as

20%

. ~i2KiE
1~ £, e

If 0 ¢ ¢1 < 1 this leads to a simple power spectral density for a

P(£) = o £ < 1/5

first order process an exémple of whicﬁ is shown in Fig. 8.

Fig. 9 shows the logarithm of power spectral density for one of
the C.E.T. time serieé and for the model time series (both with annual
and semi—annual cycles removed). Considering the broad trend the

logarithm of power spectral density for the Central England
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Temperatures has a shape qlose to the theoretical one for a
first-order autoregressive process (Fig. 8) except at very low
frequencies where the time series has less power than in the
theoretical case. The model temperatures fit the theoretical shape
less well having morxe power than the Central England Temperatures
between 2Atf = .5 and 2Atf = .2 (4 day and 10 day waves). This is a
similar time scale to that of the cold periods during the model
winters and may reflect their influence on the power spectrum.

] If 0 < ¢31 < 1 this approach leads to a very simple formulation
forlthe autocorrelation function as an exponential decay where pg is
the correlation at lag k and px = eVlkl, Based on this formulation
Leith (1973) showed how a characteristic time between effectively
independeﬁt sample members could be calculated to be Tg = 2/v. The.
correlation at a lag of 1 day was used to give an estimate for v and
hence for To. For the model time series this gives a time between
effectively independent members of appro#imately 7 days and for the
CET time series of between 4 and 7 days for differing 1100 day
periods. The autocorrelograms for the model and one of the CET time
series (Fig. 10) show reasonable agreement with this, both having |
correlations near zero by day 7.

iv) Goodness of fit

The Chi-square goodness of fit test (Mann and Wald, 1942) can be
used to test sample distributions for normality by comparing them with
a n&rmal distribution.‘ The greatex the d?fference between the two
distributions the higher the value of the test statistic. Choosing the
number of class intervals by the method described by Mann and Wald for

the 10% level of significance gives 65 degrees of freedom and a
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critical value of 79.96, ie for a normal sample the value of the test
statistic would exceed 79.96 on only 10% of occasions. For the model
time series with annual and semi—-annual cycles removed the value of
the test statistic was 99.4 allowing the rejection of the null
hypothesis that this sample is from a normal population. The 1100 day
period of C.E.T. starting 1lst January 1971 was used as a comparison
data set; this gave a test statistic of 59.34, and the null
hypothesis, that the sample is from a normal distribution, cannot be
rejected. This quantitative comparison of the model and real data
highlighté the differences between the two distributions. To
calculate the test statistic the difference between the number of
members from the observed distribution and the expected number from
the theoretical distribution in each class interval is calculated. The
larger the difference, the greater the distance of the observed
distribution from the theoretical one in that class interval. The
largest single difference in either the real or observed data is in
the first class interval for the model data, i.e. that interval
affected by the long cold tail observed in the model data.
c) Summary

An attempt has been made to use CET time series to compare model
and real data in the area of the eastern England grid box.
Difficﬁlties were encountered due to the differences in the
observation types used from the medel and from reality, temperature
data from Crawley and Hemsby were used to.overcome this problem. It
was then found that the model was too cold aé the surface and slightly
too cold at 900 mb. Although it was still difficult to compare

standard deviations, with the annual and semi—-annual cycles removed
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the model standard deviation was higher. Examination of the time
series suggested that this may have been due to outbreaks of cold
easterly winds which occur in this area during the model winters.

A Chi-—square goodness of fit test showed the CET data to have a
better fit to a normal distribution than the model data, further
investigation indicated that this was also due to the cold easterlies
during the model winters. Some evidence of the impact of these cold
outbreaks came from the power spectra, the model having greater power
than the real data in waves with periods of between 4 and 10 days.
Power spectra for the model and real data were similar with both
having characteristics associated with a red noise process except at
low frequencies where they had too little power. Assuming both time
series could be modelled by a red noise process estimates of the time
between effectively independent membexrs were made giving 7 days for

: the model time series and between 7 and io days for the CET time
series.

. : 4, Results of the precipitation comparison

a) Qualitative
Fig. 11 shows the.precipitation values for the three real tiﬁe series
and for the model time series. Clearly the ﬁodel time series has a
different character from the other 3 and though the real cases are
differeﬁt from each other there are a number of consistent differences
between the model and real timé series. In particular there are far fewer
dry days in the model time series (Table 3) and as can be seen from Fig. 11

dry spells in the model are much less frequent and of shorter duration.
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The lowest precipitation level measured by the rain gauges used in the
real data is 0.05 mm with values of 0.05 and above being recorxded as 0.1
whilst values below 0.05.(a trace) are recorded as zero. Because of this,
the number of dry days recorxded in the real time series are an overestimate
Af the number of days with no precipitation occurring. In the case of a
single station 0.05 mm is the lowest recordable pfecipitation whilst for
the long period stations, a mean of 6 rain gauges, 0.017 mm is the lowest
recordable precipitation. Numerical constraints restrict the lowest
recordable precipitation from the England and Wales rainfall to 0.09 mm. To
improve the comparison of numbers of dry days the definition of a dry day
in the model was varied so that a day with less precipitation than could be
recorded in the comparison data was défined as dry. This gave 118, 84, and
142 dry days fér cut off values of:0.05, 0.009 and 0.09 mm and 37 dry days
for a cut off value of 0.09 for the grid box to the west. These figures are
still all lower than the number of observed dry days.

b) Statistical Analysis of time series

i) Means

Table. 3 shows that the mean value of the model precipitation is much
higher than that of the long period stations and the single station and
slightly higher than that of the England and Wales rainfall. However not
all the stations in the England and Wales data set lie within the grid box
area, some being within the adjacent grid box to the west for which data
are also given in Table 3. The England and Wales rainfall has a much lower
nean preéipitation than the.average of the eastern England grid box and the

grid box to the west combined.
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ii) Deviations

Table 3 shows that the variance of the model rainfall lies within the
range of those for the comparison data sets.

The inability of the model to produce days with exceptionally high
fainfall is shown in Fig. 12 which shows all the days both for the model
and for 3 consecutive 1100 day periocds for each of the comparison data sets
in which precipitation totals exceed 15 mm. The eastern England grid box
has more events in the 15-17.5 mm range than any of the real data sets but
otherwisg very few events and none with daily precipitation above 20 mm.

In the most similar of the real cases, the 3rd 1100 day period for the long
period stations, there are still 3 days with greater precipitation than on
the wettest model day.

The Englahd and Wales rainfall contains some stations from the area of
the grid box to the west of the eastern England grid box. This grid box
has a much longer Atlantic coast than the eastern England grid box and far
more days with high precipitation totals. The grid box to the west has
more wet days than both the eastern England grid box and the England and
Wales rainfall. However for 2 of the 3 periods the England and Wales
rainfall has a higher maximum value of precipitation. Since the grid box
to the west has a much higher mean value of precipitation than either the
England and Wales rainfall or the eastern England grid box this is
additional evidence that the model is poor at producing days of

'exceptionally heavy precipitation.
(ixi) Poﬁer spectxral densities and autocorrela#ions

Figs. 13, 14 and 15 show the logarithm of the power spectral density,
the power spectral density, and the autocorrelograms for the model and for

the England and Wales rainfall. The other comparison rainfall data give
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gimilar results to those for the England and Wales rainfall. The logarithm
of power spectral density for the England and Wales rainfall has
approximately the form associated with a red—-noise model but with a much
shallower gradient than for temperature indicating that precipitation gould
be modelled by a 'whiter' process than temperature. The logarithm of the
power spectral density for the model time series shows little concentration
of power in the lowest fregquencies and examination of the power spectral
density (Fig. 14) shows the maximum power occurring in frequencies in the
range 2Atf = .5 to 2Atf =..2 (4 days to 10 days). This is the same
frequency range for which the model temperatures had more power than the
Central England Temperatures.

These data do not fit the theoretical model used in the approxiwmation
of the time between effectively independent members as well as do the
temperature time series. Nevertheless the estimate may give an idea of the
time between independent members, ;11 the rainfall time series giving
values between 1 and 2 days indicating that both in the model and in
reality precipitation time series have much shorter memories than
temperature time series. The autocorrelograms are consistent with this
though in all the real cases they show correlation falling more slowly than
for the model time series.

iv) The logarithm of precipitation

So far'the comparison of precipitation has concentrated on the extreme
values which daily precipitation takes (i.e. on days on which no
precipitation occurs or when high levels of precipitation occur). The
further study of tpe distribution of precipitatioﬁ is hampered by its

extreme skewness. However, by separating the time series into dry and wet
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days, dry days being defined as those with no precipitation occurring, a
good deal of the skewness can be removed from the distribution by
performing a logarithmic transformation of the data (Katz, 1982).

Fig. 16 shows the distribution in the four cases in the logarithmic
fransformation mode. The range of the histograms in the real cases is
restricted by the accuracy to which real rainfall data are available and
hence Fig. 16 only shows those days with precipitation greater than 1 mm.
Table 4 shows the minimum level of precipitation recorded in the various
cases. The distribution of model rainfall is very similar to that shown by
Katz (1952) from a control integration of the Oregon State University
G.C.M. The model distribution has a peak where the precipitation is about 5
mm. The peak is not apparent in either the single station data or the
England and Wales rainfall data; there is a slight peak at lower levelg in
the long period stations data. Alﬁhough the model has lower maximum values
of precipitation it does have a larger proportion of its distribution at
the upper end of the histogram (precipitation.greater than 5 mm) than the
real cases.

v) Goodness of fit

As in the comparison of temperature a Chi—square goodness of fit test
is used. The distribution of precipitation with dry days included, both in
the model and for the real cases, is clearly not normal and this is
highlighted by the very large values of the test statistics produced. For
the 2.5% level of significance with 55 degrees of freedom the critical
value of £he test statistic‘is 77.36,. ie. for a normal sample the value of
the test statistic would exceed 77.36 on only 2.5% of occasions. For the
model time series the value of the test statistic was 1980.53. This

especially reflects the major impact of dry days on the distribution.
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The Chi-square goodness of fit test is also used on the distribution
of the log of rainfall on wet days. For the 2.5% level of significance
with 53 degrees of freedom the critical value of the test statistic is
74.98; for the model time series the value of the test statistic is 343.,08.
Hénce with the dry days removed and after a logarithmic transformation the
model precipitation is still clearly not normally distributed.
Unfortunately this test cannot sensibly be used on the log of the rxeal data
because of the limited accuracy to which the real rainfall data are
available.
5. Conclusions

This work has attempted to assess some aspects of the model's ability
to reproduce the observed glimate which have previously received little
attention. In particular the variation of climate parameters ( temperature
and precipitation) in time at one location are studied instead of the
variation in space at a single time or the variation in space of a time
meaned field. Difficulties encountered in carrying out the work have been
summarized in the text and it is hoped that the attempts made to surmount
them will belp in further work of this type being carried out within the
Meteorological Office and elsewhere.

Below results of this work are summarized and possible future
developments briefly discussed.
a) Resultg

There are a number of difficulties invoived in the compariscn of long
time seriés of real and modél data in that the data sets may not be
strictly comparable. However, knowing what the differences are and what
systematic effects on the comparison these differences may make, a study

can be made.
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The comparison of the temperature data showed that with the annual and
semiwannual cycles removed the two data sets have broadly similax
statistical properties (Table 2, Figs 6, 7) with the Lwo histograms being
very similar. The comparison also highlights the occurrence in the model
Sf a number of intense cold periods, lasting several days with at least one
in each winter, in the model.

Only in one of the 5 periods studied is there a cold period of similar
intensity to that which occurs in each model winter (in the winter of
1962-196?). The ability of the model to produce periods of intense cold
weather over the eastern England grid box is a strength even though the
model produces too many of them with too great severity. Here the model is
producing an important short time scale feature of climate.

A compariéon of the mean model temperature with real values indicated
that the model temperature was too low at the surface and possibly also
slightly too low at 900 mwb. The results for the standard deviations were
less clear, though with the annuval and semi—-annual cycles removed the model
appeared to have too high a standard deviation. This may reflect the
impact of the intense cold pericds in the model's winters on its variance.

The comparison of the precipitation data is a more difficult.problem
due to the highly skewed distribution of daily precipitation'totals. The
model fails to produce a realistic distribution of precipitation in several
ways. The model fails at both extremes of the distribution with too few
dry days and too few extremely wet days. Although this may be explained as
being dué to increasingly dénse sampling reduc}ng the skewness of the
distribution, the England and Wales rainfall, a mean of 144 stations, when
compared against the two grid boxes, still has higher maximum values (Table

3) and a far higher number of dry days. The mean daily precipitation is
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too high in the model, and the model has a higher mean value whether or not
the dry days are removed from the sample (Table 4). This may be due to the
greater proportion of wet days with precipitation greater than 5 mm in the
model.

An estimate of the length of time between effectively independent
members of the temperature time series gave a value of approximately 7 days
for the model and between 4 and 7 days for the CET time series. For
precipitation much lower estimates of between 1 and 2 days were obtained
though the technique used was less applicable to the precipitation data
than to the temperature data and analysis of the autocorrelograms suggested
a longer period between effectively independent days for the real rainfall.

b) Possible future developments

In this work, changes between the character of summer and winter
periods in the time series of temperature have been noted. Furthex

evidence of seasonal changes in short time scale features of these time

.~ series could be gained by separately studying time series of winter and

summer values (XKatz (1982) shows distributions of both winter and summer B
daily precipitation totals).
The study of time series of grid bhoxes located iﬁ areas of the world
with different climates would add to the knowledge of the model's
climatology. For example a time series from both an oceanic environment
and a continental environment could be used. However, care would have to
be taken to choose areas 'rich' in real data if a useful comparison were to

be made.
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Temperature

Mean S.D. Annual

Cycle

CET (1959) 10.0 553 6.4
CET (1962) 8.8 5.6 6.9
CET (1965) 93 5.0 6.0
CET (1968) - 9.4 5.7 7.0
CET (1971) : 9.5 4.9 5.9
Model (o0 = .9) 4.1 4.2 4.1
Model (Surface) ans : 5.4 4.9
Hemsby (gcreen) 55 559 ' 5.8
Crawley (screen) 9.5 6.2 6. X
Hemsby (900 mb) 4.5 5.8 5.E
Crawley (900 mb) 4.9 87 5.0

Means, standard deviations, and the amplitudes of the annual cycles for
1100 day time series for Central England Temperatures, 1090 day time series
for the eastern England grid box, and 10 years of daily data for Hemsby and

Crawley.
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Temperature

Mean S.D.
CET (1959) 10.0 2.6
CET (1962) 8.8 2.7
CET (1965) 9.3 2.5
CET (1968) 9.4 2.7
CET (1971) Sy 2.4
Model (¢ = .9) 4.1 ”.3.0

Means and standard deviations for 1100 day time series for Centrai England
Temperatures and 1090 day time series for the eastern England grid box, all

|

} :

Model (Surface) 3.8 3.9
|

1 with the annual and semi—-annual cycles removed.

|
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Table 3 Precipitation
Mean Standard Max No. of
Deviation dry days
England and Wales rainfall 2.7 3.9 35 156
rainfall
Long period o 3.06 29 340
stations X
Single stations 1.4 3.78 48 628
Model (1) 32 3.36 19 76
Model (2) 5.5 5.18 32 13

Means, standard deviations, maximum daily values in mm and the

nurber of dry days for a 1100 day pexriod.

Model (1) is the eastern England grid box

Model (2) is the grid box to the west.

26



Table 4 Precipitation

Mean Standard Max Min
Deviation
England and Wales rainfall 32 3.89 35 0.0%
rainfall
Long period 2.4 3.44 29 0.017
stations
Single stations 33 5:27 48 (o 5
Model (1) 3.4 : 3.38 19 0.001
Model (2) 5.6 5.317 32 0.001

Means, standard deviations, maximum and minimum daily values in mm. Data

have all the dry days removed.
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Figure 6

Histograms of temperature with the mea

n removed.,
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Vertical axiss No. of events per .5K
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Figure 7

Histograms of temperature with the mean, annual and semi-annual cycles removed.

. Horizontal axis: K

Vertical axis: No. of evenls per .5K

(00 |
" !
- i :
6O 1
!
!
|
¢
4o |
2
e 11 3 _1——1 .
~-10 O lo
1100 days Central England temperztures starting 1st January 1971
100 -
&0
60
|
| LO
2 5 S0
s YA v 4 4 : R iy B Tt __r:i_:.“o__._.
S - ax ‘O o - U . - — g - - - — ——

1090 days model temperatures ato-

= .9 for the eastern England grid box



’IN‘
N

(2
/4
O

V..MQU Gt /_o.ﬂro%..,o_uﬁ
I3y 2P -1 .

0T

= ﬂ.w.unw W>a<#3 ﬁw‘v& 2 Sixv JSU..J«&\/
&.u.ﬂv Yoo \ ol | UZJB &G.f.-u.m.%w N»IW

Mhoun:,a ws.,mm.gﬂw\,o.ws_o L&d“vo Jms,_,v. ~0 ‘vo* ﬂ..,...r\&oo ’Svdu&m .vuzx& o.Auoq

L O.Ns

.yaou ..Jd.?bd(’k
M .w?sn_u



LL6| Lzenuep gs| Furgamys . |

saanjexsdus] pueTduy TeIaus) sfep 00L| |

= P ;i W
|
oot 06°0 08°0 oo 09'0° 050 ~ 0v0 050 02°9 010 L i
] 5 i
? {
“
: :
o H
o i
o
3 _
b= f
' !
i
~ ¢
o {
© 3
| 2 i
' )
5\/\/\ ?
\ o
- 2 ,,
5 i
' :
8 $~ﬂ
o
Wis
s
T X (&
he
w
o
o
-
=3
=]
w
o
=]

———

w\uQN = STXe TB2lUOZTIIOY ¢ Pﬂw‘vm .v o.ﬂ«Od = STXe TeOT3IeA e

(Urixixla= g > QvATpe

Xoq PTIZ puerduy uxsysee

18U} I0F 6° = ~03e seanjeredwel Tapouw sAep Q40L

00"t 060 09°0 L0 09°0

05°0 080 es°0 ©z'0 01°0 00*

00°5-°

00* %~

005~

00°2-

00"

000

00°2

4

co'g

00"

(

D2 LIV =S

00'S

poyzew Adoxjus ummrxew ' £q PORBUWILS?

V £ytsusq Texzoeds Tamod 2@00

o 2o




ok
S

gure O
\utocorrelogr

Fi

0 b SO RIS USRI SR BN

e

e — e
f
3

1+ 0§eg- 00 1

=

C()

0 g
*NOTLE1E3¥E020LN0Y

H v
/ |
L & l

30.00

23.C0

Go

L

-00

i

'\' (* 00 1 -

NOI U 13‘48030] HU

.

nglan

d

™
o))

ntral

0
[ &

1090 days model temperatures ato— = .9!

rid boxz

for the eastern England g



PUR pueTiug ouj IoJ TTBIUTRI s£2D 00LL (D)

£ o R PRSI SR SR

:

¥ ursjsee oy} 07 uorgeyrdrosad Tspow sAep 00LL =) b
=en i *ug §
—?J w} —.x(_‘lm ._.-M;cd.w m).- 7 —_ £ ,J.w Ju«».—lJ;!eumm W : 4
«,__x _ M M __ : e
i Ly !
| & e
oo. e
o
J. "
o £ \ i
£
\-- m H "
e .
. : o = == ST Sl
e s . . : 3 = ! o ._.ulm H.ﬂ.O.nPHmb.

So140S eWll




Ohbw KLzenuwer 35} SuTiIeis suoT3Ts potxad Suoy oYl X037 ITeJuTex s&2p 00LL  (Q)

=Ty IS 2 Tl FRein ot~
; S S
N &;ﬁ : \_;_ Tﬁéfm wc-m\ W,\ ..NMF.WM,. B4 _ﬂq: T “1_;,_(}_ 2
_ Mm 3 i “.m, “ _ 1
a
| _ 2
Ly
=
2
2
=
; &
LL6L Lxenuer 3s| SuriIe}s ASY IOJ TTeIuTeX sf2p COLL Apv s
3 - 2N -~ i s R C—— :
Rops. Ko e
Q¥ Y Vig R HR B B A T il A PR g e 2
R BligRe it sy 1 HEREE Bl L
: : w - S, -2
i g 8
3
g
=
=
-
S - 2 PESERET
SRR = L A b . & oM e o ” a
o $STXE TeoT3ISA

SoTX0S oW

JI SR




it

D Sh R aL s e
PR PR B
Lo |

A o -

Pt
{ R e Ry _ | _
s o e | 1 poy
Be o e
“_,“_ __;_,_
Forbi b | i A
—q= et = T g X 1 e o %xv__ﬂ. &
,_ m m _, .
, T__
= W ‘ w fade :
TR rpeT e e
m S
Jn«.g m.)* O\d dnoJ 1%.,.70.9
% o UAo .7 ; SVaJmsu,

¢h BE 5% 5 Pd m\d b St

SO o
i
i

o
oosc/ $J (;J%GU

AWl

__ i Sam D
R R I VG xxwg\&?a X 1 ﬂ
‘ ; ,w S 0.~ U«DJ aO;

hﬁ:avb T bJr‘.s; 5 v.Cns

W ) JS 50.J_\J ﬁ—,u\vsn— .ﬁ,i APSQ w.b

JSUJJ$U7 v VA

W(.v..ndeod < ««o.erQ.. ﬁSoJ

§h bt S¢ e kv 88 b1 o
R VAR G B T (TSGR ] i !
| A _ SR S i ) ! w | R
._l“J_l_J T Tv"m. s A i taat SR IR i
L D o
J | | w._ Pt “ ot R .
_l_..v_vl* _..l_.l_l..._nl*_l_.l_l .erl'
- Vg _4_ Rt " PR 4
Pk o o Ly
e
| by & o ey Loy .
P2 ._l o Ay s 2 lm. & ~f ol
- _ﬂ.ﬁ_a _1"._ FET R Tl
! PR B R S e e R A
# L iy G _ T
o e . !
o 18_ ssﬂaiv
b b e b b
¢h BL SL 1L L& W b &l
! “ “ 1 H{-_ [ {hisy [ n _ i “ :
S e v W
i gt ] | s
_“__i__h_"mfmw
i S . T * “
Ll
EREERVER BT o
bl _,. { " m : | " : “x_w«. N»oo.w A_
Ui b e U
| “ ” G “ vy _ Pt
i . p
TETeC N A aergl ]
t R P “," e
Ll e

‘¢

Ix» ,SJSow e

.7UJ..‘.SJ$ . /N~ d?f.n.,“—



LLG| Lxeauep 3s| SuTyxe}s

xoq P18 puelSuFy UIs}see 2U3 IOF uoTjeyTdrosad Tepow sAep 00LL [TeJuTex saTef puUe PuUeTSug oy I0F TT=FuTex si=p 00LL y
|
00" 1 06°0 03'0 0o 990 05°0 040 050 0z°0 01°0 L b0t 000 Bale Vi o5°0 050" 0sB 060 o L1y oo, ,
A . ! A A : : ; : : £ ! A ¢ 2 |
| | _ | m | 1 _ 8 ; ; { Jﬂ < “
_ i | n _ _ u m ! ; _ | i _ _
i | i _ i i | _ ] A H m
_~|| : | ! PNt IIW. e It e = N w o 0 : % 1 | ! 3 |
i | { _ ! _ . =3 [ e m H { 1 o {
_ i _ H i % o i : o
L w s _ i n ! | ] _. : _h
| pa Dol e : 4 | el e : . ”
| i _ i _ i : 5 - i 1 ’ Y «
| | ﬁ “ _ | _ a ; ) .
| | | m _ i _ ” |
‘.|I||“||||1 ! | e e _ ||||||| 4“.. L -m. e o ! i
! i i | |
_ g w | _ : | - » !
| 1 | .. :
| 1 M : 3 : § { :
L e i | e s et 2 s s s - (Tl p :
= [ | {
| 1
' 1 \ ” : w | & ,
_ ‘ _ 8
| |
i _ M \I\/
5 | &
i
|
~ m i
& i i % i
& { ! ! :
' I i
: i !
> | | _ Lo %
.m ” T YT Y 2 g T > $% Fi & 0, ﬂ.l\. ¥ .m.u...o-.?a B G .W
| ] t 1
{ § i
| | i
3 m i { | o o
8 _ i g
| ! :
Ly ! ! ! T.
8 o
7 <
ol A « i WI}Sd |
%»QN ¥ BVEE TReRaon Aﬁ.w.u S v Aooq = STXE dmo.Eumb . poygeu AdoTjus WAMITXEW 2 £q pojeuTl m

e ———————

AMJ.{%.X. un..w 3= ﬂv‘uﬁv d?dA OQV—W %\N v dx? Alv_u % J Jq pw‘b S v £a.Tsuaq .H.m.upommm zenod !mvoo

AML .U_Zaﬂ—.u |



LL§| Krenuep 3s| Surpaeys

xoq PTag puerfuy UIe}szee ayj3 IoJF uoryejrdrosad Hm.@os skep 0011 TTRJUTRI SaTel pue puelSum oy} IoJ Trejurex sfep Q0L|

ne . ape . asn e Aes sy -y . . - . . . » £, X
00°1  ©06°0  €e'9 ©L0 60 2570 THwm - OE  czo ool onen, 00* . : ‘| . i . s
¥ o =
] L34 =2
e - =
¢ i . a
bE 8 s
I R
VLR ;:
Joisii _ | | | 738
1o J Y | w2 [o
e e iz €
| Y i 19 i W
. P e i !
. : ~ L s 8
: ' X . __ i
; i : Hre o] i
' : " ; it ~ o ” oz
i : : ! i il s e : S&
; " i i { Jids ! . o
| | _ : " i b
i 1 | i 1 J A : P
! 3 : : : t P e .Hndw
! i } i & ! S o=
i _ _ . hios ! ==
i | ! H ¢ 1 2 b
! | g | $ i ; E
| | i | : .
- i " , %0
L St iz | B e
; i H - o7
B e LA
: i i i =}
: . | i : : ““ i 7
. = m- |- free - =y L SN Caed PRI A =0
i A ! ! y _ o y o
] ! ; i H : R : 0%
i i ! i ! i x
{ ! i ! { ¥ e
} 5 % g G 0 s % ; a b
i H : : : o i i
| : I w “ : ¢ , i -
: i { ' { $ ! Ly { ! =
' 1 ' 1 v i
: i { i | : i
2 ] ' '
- -t H (e gl ! A il . ! 2 33
i | i ! | i : s 5
: ! ! i k i : o : =
, | ' m : i i : g { =
i ! I “ { i ‘
! i ! i H | ! !
m i i m i : : ¥k el
| | i i i ! 1 i Q - ! s
1 . H 1 { o o
1 H | _ § i ' 1
i i } n . : _ : | | i
| | | 1}
g2 =i Sl - - | 7 g I ._ e e BB A  crahn LS »l ﬁ"
&2 o
o

= ( £d us wnumtxedm ' A 51BWTIASS
Te1U0Z TI0Y ( hw.vm STX®e dmo,.ﬂpnm.Pz pougsu oIju T q Psj}EUI}

n&xq = Aw-vm u fyTsusQ TBIFOSdS Tomog
| aell .V>Sﬂ_ =

W.%QN = STX®

(Lexix]3 =@ > QVaipr) 9 e



Figure 15

' iubocorrelo;
AU VOLO s

Tems (data wi w trend and nv::n_)ﬂx-.\..'::pv)i_n"zd)

IR

N oo e ]

C 1
© |
. { 1

'9.99 {G.00 20.00 20.0

1100 days rainfall for the England

and Wales rainfall starting

'-T§t Janary 1971

e s e

T e ‘4—}“’4&‘[_\\

b5 o 4 GRS Sy P e Csied BRI TEET e

-

"o .00 10.00 20.00

30.00

.

‘ 1100 days model precipiiution
for the castern England Géih o t



L 16| Axenuer 3s| Surgieys ITeJUTRI : Ol6| frernuep 95| Surgress.
 saTept pue pueTfug Su3 JoJ [TeJuTeT sfep 00LL " suorseas potiad JuUOT SUF IOF TTEIUTRI sfep (OLL
OQ1 Ol | o0 e s
fl - 2 .a . ﬁU—— —
L T

- QT

- oh _ Lo

LL6L Lxenuep 3s| Surjae}s ma) JOF TTejurel sKLep oowr eys Io7 mOﬂpwpwmﬂomnm,Wmmoﬁ mbmwfoow«
001 01 el ool e 1
! e 2

Bk - O%

(ww)For Go* xod sjusAd JO Iaqumu  ISTXE TEOTRISA

pusiad $STXT TejuozZrIoy

UOTIEFTATOSIC FO °JOT suU3F JO SWRIZO:




