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1 I ntroduction

This report describes the compilation of a dataset conssting of time series of mean sea leve
(md) pressure ranging back to the beginning of theingrumenta period, i.e. latter part of the
19th century and with 3-4 daily observations from 22 sationsin the Atlantic-European region.

The compilation of this dataset is part of the EU project: 'The impact of storms on waves and
surges: Changing dimatein the past 100 years and perspectives for the future’ - abbreviated
WASA - which ams at evauating trends in storminess throughout the past 100 yearsin the
Northeast Atlantic region and giving perspectives for the future.

The dataset contained in this report may in many respects be seen as a sster-dataset to the
‘North Atlantic Climatologicd Dataset’ - abbreviated NACD - (Frich et d., 1996), which isa
dataset containing monthly vaues of five different cimatologicad dements from the period
1890-1990. Many procedures and methods used in WASA have been taken over from
NACD.

2 Overall description of data

Regular pressure observations started in the Europear/North Atlantic area during the latter
part of the 19th century. Therefore it has to a wide extent been possible to sdect stations
covering the period 1875-1995, and with the tempora resolution of 3-4 observations/day,
dthough aso shorter time series is induded in the dataset. The ided case would be an
approximately equally-spaced selection of stations but this was not possible. In practice the
distance between the stations varies between 200 and 1000 km.

3 \}'
W 'Jan Mayen

Ammassalik

merodde Fyr

tsdam

Figure 1 Map of geographica postions of sations



The map on figure 1 shows the geographica pogitions of the 22 selected stations. A complete
dtation catal ogue with positions and observing periods can be found in the gppendix A.

The dataset isincluded as the appendix B of this report.

3 Limitationson use

Thisdataset isfor scientific purposes only and when using the dataset proper reference should
aways be made to this report.

4 The concept of homogeneity

According to Conrad & Pollack (1962) a dimatologicd time series is called homogeneous
when its variations are caused only by variations in weather and dimate, i.e. inhomogeneties
are caused by changesin instrumentation, observation practice, environment etc.

4.1  Homogeneity of pressure observations

Pressure observations have the advantage of being rather insendtive to changes in
indrumentation and dation surroundings. It is therefore one of the better elements to study
over alonger span of time (Heino, 1994). But it turns out that inhomogeneity problems show
up dsoin pressure records. Thiswill be demonstrated on the following pages.

4.2  Standard Normal Homogeneity Test

In this work most series have been tested for homogenaty by means of a Satidtical tedt, the
‘standard norma homogeneity test’ GNHT). This tes compares a series the test series)
againg other series which are known to be homogeneous (the reference series) and it points
out the particular year, when the test series jumps to another level compared with the
reference series. Such an inhomogenaty isknown as a break. The SNHT is described in detail
in Alexandersson (1986) and Steffensen et al. (1993).

4.3  Correction vs. adjustment

At this point we will introduce the difference between the concepts correction and
adjustment. Both are quantities to be added or multiplied to the origind quantity to get an
improved series. But in the case of a correction thereis some kind of agreed standard behind,
e.g. temperature correction of a barometer, wind correction of a precipitation gauge etc. On
the other hand an adjustment is a result of a purdy datisticd test as the SNHT, often in
combination with some explanation such as relocation or change of ingrument. Therefore it is
important that we first gpply al relevant corrections to the origind data and then test for
homogenety by SNHT and apply adjustments if necessary.

5 M etadata

Metadata can be described as data describing data. Thus the station catal ogue concept known
from dimatology isakind of metadata. However, the scope of metadata is wider, induding dl
aspects that might influence the observations such as instrumental conditions, environmentd
conditions and caculations applied to the observed data at or just after observation time.



The importance of metadata is connected with the process of usng SNHT. The datistica test
can only point out candidate-years for homogeneity-bresks. These breaks should be
supported in metadata, e.g. recorded instrument fallure.

The collection of metadata consists idedly of the systematic inspection of the files, from which
the rdevant information is extracted and stored in a systematic way in a database. This
processis usudly very laborious. Going hundred years back in time, big holes of mising
documentation may show up in the paper archives. One may say that not only data but also
metadata are inhomogeneous.

The systematic approach to the metadata concept is rather new and therefore Hill in the
evolving phase. A step forward within the field has been taken within the NACD project
(Frich et d., 1996). Larsen et a (1993) describes the metadata system presently used at the
Danish Meteorologicd Indtitute.

When working with historica pressure records, one must keep track of which procedures
were applied where and when, since these often have changed through time and from country
to country. Therefore the most important metadata are: height of barometer, barometer
conditions (eg. known madfunctions of barometer) and cdculations made on data at
observation time,

6 Calculating md pressure from barometer reading
Bascdly, what is observed is a barometer reading, often cdibrated in millimetres or inches of
mercury, from which it is possible to caculae the pressure at the station level by adding
severd corrections. These corrections are related to the congtruction and cdibration of the
barometer, and the procedure varies with the barometer type.

Once having caculated the station pressure one can caculate a md pressure by applying a
height reduction.
The procedure for correction and reduction follows WMO (1983). Sight differences between

the formulas used in the different countries may have occurred but generdly they follow the
principles described in 6.1-6.3.

6.1  Correctionsapplied to mercury barometer measur ements
The reading of amercury barometer is proportiond to the length of amercury column which is
balanced againgt the weight of the entire atmospheric air column. Therefore the barometer is
only cdibrated at ‘ standard conditions (0° C and standard gravity g, = 9.80665m s?). At

other conditions corrections must be applied. Also index error (insdrumenta error) must be
corrected for.

6.1.1 Correction for index error

This correction is the resdua errors of a barometer when compared with the norma
barometer. According to WMO (1983) the index error should not exceed a few tenth of a
hPa when the barometer is working properly. However, in case of mdfinction of the
barometer, it may be larger due to eg. impurities in the mercury or defective vacuum,



according to WMO (1983) up to 5 hPa. Only by regular ingpection and maintenance of the
ingrument large index errors can be avoided.

6.1.2 Correction for barometer temperature

Suppose that the leve difference in the barometer is | and the barometer temperature t . As
the barometer is calibrated to standard conditions, the reading will be

B/ =r,0.0,
r, beng thedensty of mercury at standard conditions.
On the other hand the air pressureis given by

p=r.9,l
r-0
1+ at)
»ry(1-at)g,l

g,/

where r, is the dendty a temperature t and a = 0.0001818K * the volume thermd
expansion codfficient for the combined mercury-scale system.

From thiswe can get the correction C,  to be applied to the barometer reading as

C:= p, - B, =aBt

Putting in redligtic values we get C, @- 4hPa . According to WMO (1983) the uncertainty in
the correction isbelow 0.1 hPa.

A more accurate eaboration gives dightly different formulae for the different types of
barometers. These formulae can be found in WM O (1983).

6.1.3 Correction for gravity
To get the best esimation of Sation pressure the loca vaue of gravity g, depending on
latitude, height above md and locad topography, must be used. If g isnot known from ge-

ophysical measurements WMO (1983) gives severd formulas, of which this Smple one may
be used in most cases, taking only the latitude into account:

g=9.80616(1- 0.0026373>cos(2j ))

Suppose that the levd difference in the barometer is | and the locd gravity g . As the
barometer is cdibrated to standard conditions, the reading will be

B,=r,0,1,
whereas the pressure will be given as

P,=r,0.
Therefore one gets the correction to be applied as



Cg:pg' Bg

g
= Byl En -1]
Putting j =60° one getsg= 9.81909ms? and we get an estimation of the magnitude of the
correction as C, @LhPa.

6.1.4 Obtainingthestation pressure
According to the previous the pressure at the station corrected for temperature and gravity is
given by
p, =B +C, +C,.

6.2  Correctionsapplied to aneroid barometer measurements

For these instruments no correction for gravity is needed. The temperature compensation is
usudly done as a cdlibration instead of a correction congtant. Thus we are only left with a
index correction

However, it mug be pointed out that this does not mean that aneroid barometers are more
accurate than mercury barometers. Generdly mercury barometers are considered to be more
accurate.

6.3 Reduction to mean sea level

Having determined the Station pressure p,, it is desirable to reduce the pressure to md.
Comhining the hydrostatic pressure gpproximation

Y =r
dz g

and the equation of state

PoRr
r

where T isthe (drictly speaking virtud) absolute air temperature yidds
dp__gdz

p RT
which can be integrated to the hypsometric equation



h being the dation heght. This equation is the foundation of dl the different reduction
formulae.

For low levd gations, i.e. when station height is below app. 100 m, the hypsometric equation
can be integrated to the smpler formula

InP» =-=_
By Py RT,

where T, isthe air temperature measured at the station. This gives the reduction to be added

_ _,9h g h
Ra=Po- Ps = pOEE» pS_RE
Putting h @LO0m gives the order of magnitude of the reduction for low level dations as

R, @LOhPa.

There are severd matters to be discussed concerning the reduction procedure. It is essentid
that T isrepresentative for the (fictious) air mass between the station and md. This might not
be the case in inverson stuations and might be the reason why WMO (1983) suggests usng
annuad norma temperature instead of observed temperature.

Furthermore, to increase the accuracy, one should use virtuad temperature in order to
incorporate the humidity of the air. Usudly the difference between temperature and virtud
temperatureisbelow 5 K.

Lets try to evaluate what factors influence the uncertainty in the reduction. We estimate this
uncertainty as

dh hdT.
dRh@pS%[ T

—+
Ts T

] @hPa+ 0.5hPa

where we have put dT.=10K , and dh=10m. From this we can conclude two things.
Firdly, we must know the station height with a better accuracy than 10m, rather 1m or so.
Secondly, the uncertainty due to temperature is 0.5hPa

7 Further error sources

7.1  Theinfluence of obstacles
Locd obstacles to the arflow, in scade from houses to mountains, cause perturbations to the
pressure fidd. Aswe are interested in the large scale atmospheric features we want to correct
for these dynamic effects. Thisis, however, generdly very difficult, but we can try to get an
edimate of the magnitude of the effects. Here we mug diginguish between smdl-scde and
large-scale obstacles.

7.1.1 Small-scale (buildings)

Generdly, a complicated dynamic pressure perturbation pattern builds up around a building
(or other obstacle) during windy conditions. This perturbation is then through amdl leskages



etc. propagated into the interior of the building and thus represents an error source of the
pressure measurement. The case of such a perturbation is treated in Koschmieder (1941)
based on Bernoulli’s equation

_ p
e
where ‘0" refers to the unpertubated vaues. From this equation it is seen that an increase of
the wind causes a dynamic pressure deficit. We can find an order of magnitude by putting
V,=25m/ s and v= 30m/ sfrom which we get

Dp=p- p=2rVv; - 1r\? @ 2hPa,

in agreement  with Koschmieder and dso Emmrich (1971). An important conduson is
therefore to prefer pressure data from stations not too exposed to wind, e.g. avoid lighthouse
dations.

7.1.2 Large-scale (mountains)

Also mountains cause pressure perturbations but these can not be caculated as above snce
adiabatic cooling of the ar must be taken into account. Koschmieder (1941) treats the
problem and gets pressure deficitsin the order of -3hPa for a speeding up from 20 nvs to 30
m/s. Emmrich (1971) contains an investigation of orographic wind enhancement near Cape
Farewell. Note also the secondary effect, that the speeding up of the wind will increase the
amall-scae effect described in the previous section. On the Icdlandic Sation Vestmannaeyjar
thistype of correction is done on aroutine basis.

In the present WA SA-dataset no mountain stations have been selected and this phenomenon
should not cause atoo serious problem.

7.2  Different observation hours
Observation practice including observation hours have changed from gation to station and also
through time. Therefore, when using more time seriesfor eg. caculating geostrophic winds, it

may be necessary to interpolate a time series to other hours than the origind observation
hours.

An esimation of the error introduced by various interpolation methods was carried out in the
falowing way: On pressure data from a reidble arfidd synoptic gation in Denmark from the
period 1980-1994 severd kind of interpolation methods were tested on the intermediate
synoptic hour vaues, i.e. values a 03, 09, 15 and 21 utc were interpolated from the vaues at
00, 06, 12 and 18 utc. Intota four interpolaion methods were tested:

A: Usage of neighbour observation three hours before
B: Smple linear fitting between neighbour observation three hours before/after.
C. Ftting of 3rd degree polynomid to the two neighbours on each side of the observation.



D: A method where 2nd degree polynomias were fitted to one neighbour on one side and two
neighbours on the other. From these two interpolated vaues the minimum was taken as the
find interpolated value.

For each interpolation datistics was calculated on the interpolation error, i.e. the interpolated
subtracted from the observed pressure vaue. In table 1a results of the comparison between
the four methods are summarised:

Interpolation error (=observed - interpolated vaue)
Method Median 1% percentile 99% percentile
A. Neighbour 0.0 -3.8 4.2
B. Linear fit -0.1 -1.2 16
C. 3rd deg. fit 0.0 -11 11
D. Min. of two 2nd deg. fits  |-0.2 -1.6 0.9

Table 1a Intercomparison of interpolation methods(hPa), al cases.

To put emphasis on cases with strong wind another intercomparison was performed, in which

only pressure vaues below 990 hPa was included. Results are shownin table 1b.

Interpolation error (=observed - interpolated vaue)
Method Median 1% percentile 99% percentile
A. Neighbour 0.2 -6.3 8.2
B. Linear fit 0.3 -1.7 4.4
C. 3rd deg. fit 0.0 -1.9 3.2
D. Min. of two 2nd deg. fits | -0.2 -2.9 2.7

Table 1b Intercomparison of interpolation methods(hPa), cases less than 990 hPa.

It is seen that going from the Smple method A to a more refined method means a Sgnificant
improvement. Going from the smple method B to the more complicated methods C and D
there is not a very big improvement, in al cases errors up to 5 hPa mus be expected.
Moreover, when looking a the pressure vaues below 990 hPa, there is a skewnessin the
error distributions (except for method D) toward large postive errors, i.e. there is a tendency
to overestimate low pressure values. A generd guiddine could be to use linear interpolation,
more refined methods do not give much improvement.

In order of completeness, the semi-diurnd variation of the md ar pressure should aso be
briefly mentioned. At mid- and high latitudes it has an amplitude of about 0.3 hPa (Heino,
1994), meaning an error in the order of 0.1hPain 3hrs, which is negligiblein comparison with
theinterpolation errorsin table 1aand 1b.



7.3 Horizontal movement of station

Primary criterion for induding a getion in the dataset was a long and unbroken record of
observations. Nevertheless, it could not be entirdy avoided to combine a station, which
stopped operation, by a near-by which continued operation. Such stations should not be more
than afew kilometres apart, and whenever that is not the case the new positions should dways
be used.

7.4  Singleerrors

Sngle scattered errors make out a mgjor problem for extreme studies like WASA and mugt
be avoided to the greatest possible extent. Therefore double-keying, which effectivdy
diminates keying-errors, was widdy used when digitisng. However, dill we are left with mis-
readings of the insgrument or miswritingsin the origind material. This was demonstrated for
the three Danish gtations, wheredl pressure vaues bringing about a geostrophic wind above a
certain threshold(=38 m/s) were checked againg weather-maps and monthly summaries. It
was thereby possible to tdl whether the particular vadue was likdy and if that was not the case
it wasin some cases even possible to correct the erroneous vaues. Of these checked vaues
for the three stations 6, 19 and 22% were in error. An often occurring error was a multiple of
5 mmHg mis-reading.

8 Summary of potential inhomogeneitiesand errors.

Let ustry to summarise the results from the previous sections. The magnitude and uncertainty
of atypica correction/reduction/interpolation is shownin table 2.

Magnitude (hPa) Uncertainty (hPa)
Correction for index error.(Mercury bar.) 0.1 0.1
Correction for temperature (Mercury bar.) -4 0.1
Correction for gravity (Mercury bar.) 1 0.1
Reduction, 100 m - md 10 1
Dynamicd pressure (building), 25 m/s -2 2
Interpolation in time, 3 hours -2/+4 4

Table 2 The magnitude and uncertainty of atypica correction/reduction/interpolation.

Any itemin table 2 above represent candidates for inhomogeneties and errors. From table 1 it
can be concluded that correction for temperature and gravity as well as index error can be
done with only minor uncertainty. The same is vdid for the reduction to md, provided the
barometer dtitude is known within 1m. Dynamicd pressure effect as well as interpolation
errors should be regarded as the most severe errors when andysing the data.
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Appendix A: Station catalogue

St at.
no.

3342
06193
21100

25140
0304
4601

06011

04360

03091

03953

04013

01001

01152

01316

01448

06260
5343
7243
7839
9821

12738

16395

Ctr.
code
D
DK
DK
DK
FI'N
FI'N

FR

I RL

St ati on nane

POTSDAM
HAMVERODDE FYR
VESTERVI G
19870801-
NORDBY
19870801-

HELSI NKI
19610101-
KAJAANI
19570101-
TORSHAVN
AMVASALI K
ABERDEEN OBS
19570101-
VALENTI A OBS
STYKKI SHOLMUR
JAN MAYEN
BODOE

BERGEN- FLORI DA
OKSCEY FYR

DE BI LT

LUND

19510101- 19601231
19780101- 19941231
GCETEBORG
19510101-

VI SBY
19510101-
STOCKHCLM
19510101-19601231
HAERNOESAND
19810101-
HAPARANDA

| at.

52
55
56
56
55
55
60
60
64
64
62
65
57
57
51
65
70
67
60
58
52
55
55
55
57
57
57
57
59
59
62
62
65

12

23
18
46
42
26
31
10
19
13
17

36
10
12
56

56
16
23

42
23
23
42
46
38
40
20
21
37
31
49

2222222222222 Z2Z22Z222Z22Z2Z22Z222Z22222Z2

| ong.

04
47
19
13
24
34
57
58
46
40
46
38
06
12
15
44
40
26
20

11
12
49
49
59
53
17
20
03
57
56
26

MMMMMMMMMMMMMMMMSsSsSSSSSSMMMMMMMmmmmMm

Start
year
1893
1874
1874

1874

1881
1887

1874
1894
1871

1892
1874
1922
1900
1868
1870
1902
1879

1879
1879
1879

1879

1879

End

year
1994
1996

1996
1996
1995

1995
1996
1996

1995
1995
1995
1994
1994
1994
1994
1994

1994
1994
1994

1994

1994
1994



Appendix B: Dataset

The dataset is contained on the enclosed CD-ROM, compliant with 1SO 9660. The dataiis
separated into files with names on the form cccsssss.dat, where ccc is country-code (right-
filled with* ") and sssssis station-number (Ieft-filled with * ). Thus each of these files
contains data from one gtation.

Each record of these files contains one pressure value. The record layout is as follows:
1-5 Station number

7- 9 Country code

11-14 Year

16-17 Month

19-20 Day

22-23 Hour

25-29 M SL-pressure in hPa* 10
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