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1. Introduction

1.1 Genera

A central comporent of DMI’s AgroMeteorologicd Information System (AMIS) isthe
interpolation o observed meteorologicd datato the 10 by 10 kilometre AMIS grid. As has
been dacumented el sewhere (Hil den and Hansen, 199§, the AMIS observational data ae
generally of high quality, but do contain certain systematic erors, probably stemming in part
from the quite simple, isentropic interpalation scheme used to cdculate the data from the
raw observed values.

An obvious posshility for improving the AMIS observational fields would be to exploit the
methodks of a state-of-the-art numericad weaher prediction system. In the analysis and
initiali sation parts of such a system, the threedimensional state of the model atmosphereis
adjusted towards measured values in a manner which respeds and makes use of the physicd
and dynamicd laws that govern and constrain the (model) atmosphere. Likewise, the
influenceof locd surface taraderistics (represented in the model) onthe amospheric
condtions nea the groundare taken into acourt through the model parameterisations of
the interadions between the @mosphere, the seaor land surface(including vegetation), and
the layers below the surface

The present study addresses the question d how and to what extent the gridding of
observationsin AMIS might benefit from a doser connedion to the Danish operational
numericd weaher prediction system, the DMI-HIRLAM (High Resolution Limited Area
Model) system. In the aurrent versions of DMI-HIRLAM, presaure observations from
groundstations enter into the analysis and initi ali sation procedures implicitly, through their
(modell ed) influence on the lowest model layer, but other parameters measured at ground
stations stuated onland are nat used. However, a separate HIRLAM surface aaysis
padkage may be run ontop d the analysis and forecast moduesto producetwo-dimensional
gridded fields of 2 metre temperature and relative humidity (and, if desired, 10metre wind)
from raw observations, using HIRLAM fields as afirst guessin an ogimum interpolation
procedure. This gudy isa cmparative evaluation d 2 metre temperature and relative
humidity fields generated by AMIS, the operational HIRLAM model and the HIRLAM
surface aaysis sheme.

1.2 Methods and Data

The investigation was performed for a period d four months for which a homogeneous st
of archived HIRLAM forecast datawas avail able: April 21, 1999, 08JTC, through August
19, 1999, OQTC. Four observation hous per day were aonsidered: 00, 06, 12and 18UTC.
The data sets compared were:

* Recdculated AMIS observation fields of 2 metre temperature and relative humidity;
* Archived 6-hou forecasts of these parameters generated by HIRLAM-D, the operational
5 km resolution version d the DMI-HIRLAM mode!;



» Surface analyses of the same parameters performed with the HIRLAM surface analysis
scheme and with the HIRLAM-D forecasts providing the first-guess fields;

16 SYNOP and automatic climate stations were selected as verification stations (Figure
1.2.1 and Table 1.1); measurements from these were | eft out in the surface analysisand in
the AMIS recalculations.
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Figure 1.2.1 Stations used in verification

The evauation was done for each station and each observation hour on monthly samples
using standard meteorol ogical verification measures. In addition to the statistical
verification, a qualitative validation was carried out for three days with different
characteristic weather types.



05050 Ahdm

05090 Silstrup
05170 Hald

05360 Mejdrup
05500 Store Jyndevad
05640 Ardev

05770 Flakkebjerg
05890 Bgrsvig Strand
05910 Abed

05985 Klemensker @
0696 Remg

06104 Billund

06110 Skrydstrup
06124 Tasinge
06160 Vaalgse
06169 Gniben

Table 1.1 Stationsused in verification

1.3 Outline

Thereport is organised as foll ows:

Chapter 2 contains brief descriptions of the threeproduction systems: AMIS, the DMI-
HIRLAM system, and the surface aalysis £heme. Chapter 3 and Chapter 4 present the
results of the qualitative cae studies and the statisticd verificaion, respedively. In Chapter
5 some central conclusions are drawn, and alook is taken at the possble diredions of future
work onsurface aaysis. References are given in Chapter 6.

Detail ed results of the statisticd verificaion are mmpiled in an Appendix.

A list of abbreviations and aconyms used throughou the report is given below. Sedion 1.5
contains amap of geographicd names referred to in the text.

1.4 Abbreviations

AMIS
HIRLAM-D
Ol-analysis

Month no. 1
Month no. 2

AgroMeteorologicd Information System, seeChapter 2.1
High Resolution Limited AreaModel (5 km version), seeChapter 2.2
HIRLAM optimum-interpolation surface aaysis, seeChapter 2.3.

April 21-May 20 1999
May 21-June 20 1999



Month no. 3
Month no. 4

ME

MAE

RMSE

HR1

HR 2

HR5

HR 10

June 21-July 20 1999
July 21-August 19 1999

Mean Error, i.e. the sum of the difference between the analysed values and
the observations, divided by the number of observations.

Mean Absolute Error, i.e. the sum of the absolute difference between the
analysed values and the observations, divided by the number of
observations.

Root Mean Square Error, i.e. square root of the mean sgquared error.

Hit Rate, i.e. the relative number of analysed value that are within +/- 1
degrees Celsius of the observed temperature.

Hit Rate, i.e. the relative number of analysed value that are within +/- 2
degrees Celsius of the observed temperature.

Hit Rate, i.e. the relative number of analysed value that are within +/- 5% of
the observed relative humidity.

Hit Rate, i.e. the relative number of analysed value that are within +/- 10%
of the observed relative humidity.

All Hit Rates are given in percent hits.

ME, MAE and RMSE are in degree Celsius in tables showing temperature statistics and in
percent humidity in tables showing relative humidity statistics.



1.5 Map of geographical names

b7
?,)
7
[/
AN //
[
SN s @«'\3@“@7 /
~ e LR 0
5 Y
ijwm)

N\
\ .

h
\é\

i
PR
-

N
R R |
Hﬁ \JT . R\Jﬁ[) q\; ! >“« )
T Y A Sound Sweden
.~/ Bornholm

J
A —
/ NS e ;
/ > T
*@s_pierg R » Zealand~
TN ¢ /’Q‘i @/@‘"\ E K\,\\ [ﬁrfj\ﬁ\\\/ﬁ -
¢ A /JE (7
e ar _
;3{,»\, I
=~ 7Men

ﬁ’m A NEE & @15/1
; VT W1 Y /Halster .
; olfand_ 0 Baltic Sea

|

N

[ <
LR (;’; .
}ég—ﬂ 5/ - \A//“/« 4
" | e
: ~ — T \
< Vs £ L B f?\
¢ J & & e,
. xﬂ?) V\L“L \ @\{

Figure 1.5.1 Map of geographical names



2. The Field Types

21 AMIS

AMIS, DMI’s AgroMeteorologicd Information System, provides farmers and ather users
within the Danish agricultural community with locd meteorologicd data onared-time
basis. All numericd data ae available ona 10 by 10 kilometre grid covering Danish land
area There ae 632 AMIS paints, or ‘squares’, inall (Figure2.1.1).
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Figure2.1.1 The AMISgrid

The AMIS observational data ae computed from standard meteorologica observations
made & SYNOP stations in Denmark, southern Sweden and nathern Germany, and at
Danish automatic dimate stations (potential evaporationis caculated at SYNOP stations
using adedicaed model, seeChristensen and Sass1994,Christensen 1994. For ead AMIS
square, the value of a given parameter at agiven timeisobtained by interpdation d the
values from stations within a predefined cutoff radius. The interpolation algorithm is smple
distance weighting with weights propartiona to df, where d is distance andr is a parameter

dependent (negative) power. In therare cae of very poa data average, all available
measured values from stations nea Denmark are used. Certain stations known to have abad



impad onthe AMIS fields for one or more parameters are left out in the interpolation for
these parameters.

Table 2.1 gives an overview of the observational parameters which wereincluded in AMIS

in the growing season d 1999.The gproximate number of measuring stations contributing
to the AMISfields for ead parameter and the interpolation paver and cutoff radius are dso
given.

Parameter Time No. of | Interpol. | Interpol. Description
stations | radius power
(approx.)| (km)
2MT 00,03,...,21 UTC 150 60 -1.7 Temperature 2 m above ground
(degrees Celsius)
2MRH 00,03,...,21 UTC 150 60 -1.7 Relative humidity 2 m above
ground (percent)
10MFF 00,03,...,21 UTC 150 70 -1.3 Wind speed 10 m above

ground (m/s)

24HAT 06-06 UTC 113 80 -1.4 24 hours' accumulated
precipitation (mm)

24HPEV 06-06 UTC 38 80 -1.4 24 hours' accumulated potential
evaporation (mm)

24HGLR 06-06 UTC 19 100 -2.3 24 hours' accumulated
radiation ( MJ/m?)

Table2.1 AMIS observed parameters

2.2 TheOperational HIRLAM Mode

DMI's current operational forecasting system for Denmark consists of threenested models,
DMI-HIRLAM-G, DMI-HIRLAM-E and DMI-HIRLAM-D, which are dl versions of the
HIRLAM model (seeSass1999for the version which was operational in spring/summer
1999. The large scde model HIRLAM-G is driven with boundry data from the global
model of the European Centre for Medium-Range Weaher Forecasts (ECMWF). HIRLAM-
G covers alarge part of the northern hemisphere with ahorizontal resolution o abou 50
km. It provides the boundiries to HIRLAM-E, a nested model which covers Europe and the
eastern part of the North Atlantic with aresolution o about 15 km. The third nested model
HIRLAM-D makes use of the HIRLAM-E forecasts at its boundiries and covers Denmark
with aresolution d approximately 5 km.

HIRLAM-D is applied four times aday with boundries from HIRLAM-E for the times 00,
06, 12and 18UTC. A data assmilationis caried ou when the model is darted, which
introduces observations from within the domain of HIRLAM-D. During the forecast run, an
update of the boundxriesis performed using HIRLAM-E forecasts valid every hou. The
forecast length is 36 hous for the forecasts darted at 00 and 12UTC. For those started at 06
and 18UTC, theforecast length islimited to 6 hous. Among the numerous predicted
parameters are fields for temperature and relative humidity at 2 m abowve the groundlevel.



Asthe quality of the forecast slowly decreases with growing forecast length, the most
reliable forecasts are obtained within the first 12 hours of the forecast. Concerning the
analysis applied in the work of this project, the respective 6 hour forecasts from the
operational HIRLAM-D runs were used.

2.3 The Ol-analysis Scheme

The analysis scheme for the 2 m temperature and relative humidity is part of the
international HIRLAM reference system. It is based on the Optimum Interpol ation method
(Ql) and takes into account the land-sea contrast when correlating the observations as well
asthe distance of the observations to the analysis point (Navascues 1997). It is not to be
confused with the operational 3-D analysis scheme, which aso uses Ol.

The starting point for the analysisis afirst guessfield, which in this case is given by the
HIRLAM-D forecast. It contains a prescribed uncertainty in the temperature and humidity
data, which is given in terms of the standard deviation. The second important input to the
analysis are observations of temperature and humidity from the domain that is covered by
HIRLAM-D. Thereis also an uncertainty connected to the measurements. The quality of
each observation is tested in order to prevent that erroneous measurements influence the
analysis. The Ol method combines the first guess field and the observations by minimising
the analysis error. This means that the resulting uncertainty of the analysisis less than both
the uncertainty from the first guess and that from the observations (Daley 1991).

In order to limit the necessary computer resources, the analysisis performed in "boxes', i.e.
subdomains of the HIRLAM-D domain. The domain of each box overlaps with the
nei ghbouring boxes to assure consistency at the box boundaries (Lorenc 1981).

The analysis was applied as follows: The first guess fields for 2 m temperature and 2 m
relative humidity were provided from 6 hour forecasts of the operational HIRLAM-D with a
horizontal resolution of 5 km. Their uncertainty was estimated to 2 K for the temperature
and 22 % for the relative humidity. The estimated uncertainties for the observations were 0.5
K and 10 % respectively. The resulting analysis was determined on a grid with the same
geometry as that of the first guessfield.
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3. Evaluation of Cases

3.1 May 5", 1999: Cold-air advection and Radiative Heating

The weaher situation at the 5 of May 1999was charaderised by ahigh presaure system
over Scandinavia. The anticyclone influenced also Denmark and the North Sea and lead to
steady easterly winds onalarge synogticad scde (Figure 3.1.1). Apart from some drrus
clouds there were only littl e anourts of cloudnessover Denmark this day. The temperature
curve showed a significant amplitude due to the steady irradiation from the sun, bu thisdid
not result in asignificant development of seabreeze winds becaise of quite strong synoptic
flow.

The eaterly winds transported relatively cold air over Denmark. Thislead to a strong
temperature gradient over Denmark. If we take alook at the observationsin Figure 3.1.2, we
can seelow temperatures of abou 6 - 7 °C in the south eastern part of Zedand and onthe
east coast of Falster and M@n, cf the map sedion 1.5. At the west coast of Jutland the
temperature reades 16 °C. This gradient is represented by both AMIS and the Ol-analysis
(Figure 3.1.3 and Figure 3.1.4). It isaso foundin the HIRLAM-D forecast, whereit is
wedker (Figure 3.15). At thispaint it can be dealy seen haw the Ol-analysis improves the
HIRLAM-D forecast by including adua observations.

Thereisnofine detail in the field from AMIS. The Ol-anaysis, however, shows amore
detail ed structure of the gradient. The ad areas over the Baltic sea and the Kattegat have an
influence on the temperatures nea the eat coasts due to the stealy easterly wind. The
observations on Bornhdm and Mgnas well as other coastal stations (Arhus Havn, Sprogg
@st and Omg) indicae this, and the Ol-analysis represents the dfed very well. Thisis
mainly due to the goodforecast of Hirlam-D. The temperature gradient over Bornhdm is
also better represented in the Ol-analysis than in AMIS.

Concerning relative humidity, the general picture shows a gradient with deaeasing humidity
towards the west. However, it isnat as clea asin the temperature field. The observations
show very dry areas over Jutland for example (Figure 3.16). AMIS represents the low
humidity quite well, whereas the Ol-analysis gives higher values of humidity over Jutland
(Figure 3.17 and Figure 3.1.8). Over Lolland, bah AMIS and the Ol-analysis show higher
humidity than the observations. This has different reasons. In AMIS, which cadculates
interpolated values from the observations supdied toit, the station Abed onLolland (55%
relative humidity) is not included in the caculations. Thus AMIS has nat enough
information about the humidity condtions over Lolland. On the other hand, the forecast of
relative humidity from the HIRLAM-D forecast for this areais better than the Ol-analysis
(Figure 3.1.9). The performance of the Ol-analysisis rather poar in this case probably due
to the same ladk of measurements from Lolland and also due to the influence of analysed
humidity outside of Denmark. Over Southern Sweden, for example, the HIRLAM-D
forecast shows very low values of relative humidity. These aeraised duing the analysis and
thisalso has an influenceon aher areas.
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Over Bornholm, the humidity gradient is better represented in AMIS than in the Ol-analysis.
The gradient given in the Ol-analysisis stronger than observed. The gradient from the
HIRLAM-D forecast is, however, even stronger. This means that there is an improvement
through the analysis, although it is not perfect.
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Figure 3.1.1 Observed 10 m wind and clouds, May 5", 1999, 12 UTC
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Figure 3.1.2 Observed 2 m temperature, May 5", 1999, 12 UTC
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Figure3.1.3 AMIStemperature analysis, May 5", 1999, 12 UTC
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Figure 3.1.4 Ol -analysis of temperature, May 5", 1999, 12 UTC
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Figure 3.1.5 HIRLAM-D temperature forecast, May 5", 1999, UTC
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Figure 3.1.6 Observed 2 m relative humidity, May 5™, 1999, UTC
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Figure 3.1.7 AMISrelative humidity analysis, May 5", 1999, UTC
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Figure 3.1.8 Ol-analysis of relative humidity, May 5", 1999, UTC
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Figure 3.1.9 HIRLAM-D forecast of relative humidity, May 5™, 1999, UTC
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3.2 June 17", 1999: A Cold Front

The synoptic situation d thisday is determined by a cld trough located over the North Sea
a 12UTC. It caried cold air esstwards, espedally at the lower levels of the amosphere.
During the day-time, a cld front passed over Denmark. This changed the temperature and
humidity condtions through the day. The wld front readed the north western part of
Jutland at approximately 10:30 UTC and passed aaossthe wurtry during the following
hous. At 15UTC it was locaed over Funen and it readed the Soundat approximately 18
UTC.

The paosition d the cold front at 12UTC is shown in Figure 3.21. Figure 3.22 and Figure
3.2.3 show the observations of 2 m temperature and relative humidity respedively. The ar
massbehind the front is approximately 5 °C colder and relative humidity is abou 20%
higher than before the front. The Ol-analysis locates the front along the line Esbjerg-Alborg
(Figure 3.24). This positionis mainly prescribed by the HIRLAM-D forecast (Figure 3.2.5).
Compared with the adual frontal position, the tilt of the frontal line gopeas alittl e stegoer
than the adual tilt i n the map of the HIRLAM-D forecast and thus also in the Ol-analysis. In
AMIS, the ourse of the frontal lineis difted eastwards in Northern Jutland, so that even
Laesg seans to be passed by the front already at 12 UTC (Figure 3.26). Contrary to the Ol-
anaysis, AMIS shows a more gentle tilt of the frontal li ne than the adual one. The frontal
positionin the Ol-analysis is determined by the forecast, whereas AMIS uses the avail able
observations, and as there ae no olservations avail able & the mast north of Djursland for
12 UTC, AMISjust interpolates between the existing surroundng observations, thus getting
awrong frontal position.

Concerning the temperature gradient within the frontal region, the one given by the
HIRLAM-D forecast appeas too strong, which seansto be due to an overestimation d the
temperature over land. Thisis wegkened alittl e in the analysis. AMIS shows awedker
gradient seaning to be more redistic. The same gpliesto the gradient of relative humidity.
Over Lolland and Funen, AMIS shows lower temperatures than olserved. Thisis dueto the
fad that threestations used for verificaion do né go into the cdculations of AMIS. The
coincidence between the Ol-analysis and the adual temperatures over Lollandis very good.
There is one eroneous relative humidity observation: One station (Firhge) in West Jutland
shows 34%, whereas all surroundng stations measure much higher values. Asthisisnat
taken into acourt in AMIS, the eroneous measurement appeas as adry spot over West
Jutland, which seems rather unredistic (Figure 3.27). The aroneous ohservation was not
used in the Ol-analysis, because the analysis includes a chedk for observation errors (Figure
3.28).

The relative humidity over Southwest Zedand is overestimated by the Ol-analysis, because
thereisastrong SW-NE gradient already in the HIRLAM-D forecast, which is not that
strong in the observations. The HIRLAM-D forecast gives agoodestimation for humidity
over Lolland (Figure 3.29). Thisis, likein the cae from the 5" of May, deteriorated in the
analysis because of too strong influences from other regions like for example South Sweden.
AMIS does nat show the dry areaover Lolland, kecaise one station here (Abed) was nat
used in the cdculation d AMIS.
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Figure 3.2.1 Observed wind, clouds, pressure tendency and weather, June 17, 1999,
12 UTC. Approximate position of the cold front isindicated.
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Figure 3.2.2 Observed 2 m temperature, June 17", 1999, 12 UTC
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Figure 3.2.3 Observed 2 m relative humidity, June 17,1999, 12 UTC
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Figure 3.2.4 Ol -analysis of temperature, 17", 1999, 12 UTC
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Figure 3.25 HIRLAM-D forecast of temperature, June 17", 1999, 12 UTC
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Figure 3.2.6 AMIStemperature analysis, June 17", 1999, 12 UTC
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Figure3.2.7 AMISanalysis of relative humidity, June 17", 1999, 12 UTC
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Figure 3.2.8 Ol-analysis of relative humidity, June 17", 1999, 12 UTC
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Figure3.2.9 HIRLAM-D forecast of relative humidity, June 17", 1999, 12 UTC
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3.3 July 28", 1999: Weak Flow and strong Radiative Cooling

The weaher situation was charaderised by alarge high presaure system that was locaed
over the British Isles. The presaure gradient over Denmark was weegk and there was hardly
any large scde flow. There was clea sky during the night between 27th and 28h of July
(Figure 3.31). So, radiative anissonwas drong, leading to alarge anplitude in the diurnal
course of temperature. The distinct radiative condtionsthermally induced land-seabreeze
circulations at the mastlines of Denmark. They dominated the wind field over Denmark at
thistime. This had an influence on the temperature and humidity fields nea the wast. As
the night during this ®asonis rather short and sunrise dready occurs at abou 03 UTC, the
fieldsat 00 UTC weretaken in order to compare the andtions at night time.

As can be seen in the temperature observations, there was a distinct diff erence between
temperature over sea and ower land. Relatively high temperatures of 12to 15 T ocaur at the
coastal stations, whereas the land stations how temperatures below 10 °C (Figure 3.3.2).
This temperature gradient is well represented in the Ol-analysis, where it originates in the
HIRLAM-D forecast (Figure 3.3.3 and Figure 3.3.4). However, temperatures over land are
represented higher in the Ol-analysis than olserved. It seems that there istoo littl e structure
in the temperature field of the Ol-analysis over land thistime (Figure 3.3.3). AMIS
represents temperature over Jutland and Zedand qute well, bu the temperature over
Lolland daes nat sean redistic (Figure 3.35). This deviationis due to the lac of
observations from inner Lolland. The same dfed occurs over Falster, Laesg and to some
extend ower Funen. Thefield over Bornhdm isrepresented very well in the Ol-analysis,
whereas AMIS canna cope with the strong temperature gradient at the mast.

The differencein temperature between the Ol-analysis and the observations dall be
discussed alittl e further. It seemsthat in this case the diff erence between the forecast field
and the observationsis 9 strong that the analysis has difficultiesin cdculating a better
solution. The aror in the forecast fields changes in space adtime. In the analysis, however,
it istreaed as a mnstant, because it can hardly be determined. Thus, there may occur cases
like this one where the aror is underestimated, leading to poa anaysis quality over some
regions.

The relative humidity during the night between the 27th and 28h o July is determined by
high values of over 90% (Figure 3.3.6). Asthereis nosignificant spatial structure, the
representationin AMIS isvery good (Figure 3.3.7). But one must be caeful onislands
where there ae no olservations, like Laesg. AMIS isnat reliable there. Contrary to the
observations, the HIRLAM-D forecast and thus also the Ol-analysis show a structure in the
humidity field (Figure 3.3.8 and Figure 3.3.9). It is difficult to say something abou the
quality of these structures, bu there seemsto be adlight negative biasin the HIRLAM-D
forecast. Thisbiasis larger in the Ol-analysis. The analysis of relative humidity does not
redly seem to work well in this case.
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Figure 3.3.1 Observed wind, weather and cloudiness, July 28", 1999, 00 UTC
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Figure 3.3.2 Observed 2 m temperature, July 28,1999, 00 UTC
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Figure 3.3.6 Observed relative humidity, July 28", 1999, 00 UTC
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Figure3.3.7 AMISanalysis of relative humidity, July 28", 1999, 00 UTC
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3.4 Conclusions

The case studies show some characteristics of both AMIS and the analysis. AMIS
completely relies on the observations and does not perform any error check. Thus, the
quality of the fields depends mainly on the number of observations and the quality of each of
them. Structures which are not caught by the observations are not caught in AMIS either.
But the method is straightforward and fast.

The analysis of 2 m temperature and relative humidity makes use of HIRLAM forecasts and
observations and combines these in an optimised way. But the cases show that especially the
analysis of relative humidity does not always work satisfactorily. There is especialy a
tendency towards deterioration of the bias when the forecast already shows high values of
relative humidity. On the other hand the forecast is able to catch strong gradients and other
structures in more detail than observations can (see the cases from 5™ of May and 28™ of
July), and these are also reflected in the analysis.

The analysisis better when temperature and humidity are determined by processes on the
synoptic scale. Thisis presumably due to the fact that the first guess error correlations are
determined for alarge scale similar to the synoptic one. Thus, the analysis may lead to
deterioration during weather conditions where local influences are dominant, like the case
from 28" of July. The local conditions are actually represented in a more detailed manner in
amodel with higher resolution. This means that the occurrence of local effects hasto be
taken much more into account during the analysis. However, there are no investigations yet
about the changes in the scale of the forecast error correlations when going to higher
resolution, and the inhomogeneity of the forecast error also still plays arole. But further
improvements in the analysis procedure with special concentration on these points seem to
be feasible in the future.
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4. Verification

4.1 Data

For the objedive verification data from the whale verification period were used, i.e. April
21to August 19, 1999.The verificaion period was divided into four sub-periods, ead of
abou one months’ length, cf. 1.4.

For both temperature and relative humidity, andfor ead o the threefield types (AMIS, Ol-
anaysis, HIRLAM-D), thefield data were stratified acwrding to month and olservation
hour, and werificaion was performed by comparing measured values from ead of the 16
verificaion stations (seeTable 1.1) to grid pdnt values; for AMIS, the value & the grid
‘square’ to which the station belonged was used, for the other field types a value was
interpolated from the four neaest grid pants.

4.2 Verification Methods

The following verification measures were omputed for ead sample (cf. 1.4: ME, MAE,
RMSE, and, in addition, HR1 and HR2 for temperature, HR5 and HR10 for relative
humidity.

Summaries were produced in the form of means for all stations and/or months and/or
observation hous.

In addition, time series for temperature & seleded stations were inspeded.

4.3 Results

Table 4.1 shows verificaion results for temperature and humidity for the whole period and
eadt of thefour observation hous, averaged over al 16 stations. Results for al data samples
can be foundin the Appendix. Below we comment onthe results for ead parameter

separately.
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4.3.1 Temperature

Looking first at the summary figures of Table 4.1, we seethat the overall quality of the
analysed temperature fields is quite high for al three aaysis methods, with MAE values
around 1C and RM SE values always below 2 C. For most combinations of analysis method
and olservationtime the biasis below 0.2 C by absolute value, athough there ae
exceptions to this. Between 76and 95 grcent of the verified field values fell within 2 C
from the verifying observation.

Asjudged by MAE, RMSE and HR values, the AMIS methodis for al four observation
hours better than the Ol-analysis, which isin turn better than HIRLAM-D. Thus, it seans
that - at least in this stup - the Ol method gives too much weight to the HIRLAM first-
guessfield and too littl e to the observations.

All analysis methods perform better at 06 and 18UTC than at 00 and 12UTC. Thisis
presumably becaise the latter values tend to be more extreme.

Theresults srown in the Appendices (e.g., pages A10,B10, C10) show that there is quite a
large variation ketween stationsin the quality of the analyses. Thishddsfor all three
methods and olservation hous, though most prominently for AMIS at 00and 12UTC. The
foll owing example ill ustrates the fadors that may influencethe quality of the analyses at
ead station:

Figure 4.3.1 and Figure 4.3.2 show time series of measured and analysed temperature for
two stations, 06104Bill undand 05890Bgrsvig Strand. The former is an inland station, the
latter is stuated by the sea(Figure 1.2.1). It isevident that all three aalysis g/stems perform
the better at the inland station where the tempora variability islessthan at the ast. For
both stations the AMIS curve foll ows the observations closer than the aurves of the other
analysis g/stems; in particular, the pegks and troughs in the observation series are better
cgptured. The AMIS series for Bill undfits the observations very well i ndeed.

No clea differences are found ketween the results for the four months (Appendices, pages
A12,B12,C12).
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4.3.2 Relative humidity

For relative humidity, the general quality as described by the figures Table 4.1 isgood, bu
not excdlent. MAE values of the threemethods and the four observation hous range from 4
to 10%, andfrom 60to 93 percent of the analysed values are wrred within 10%. All
methods perform least well at 12 UTC, where - presumably - the horizontal variability of the
relative humidity tendsto belarge.

Except at 00 UTC where HIRLAM-D outperforms the Ol-analysis, the AMISfields have a
higher quality than the Ol fields which are better than the HIRLAM fields. Thus, once ajain,
the Ol-analysis does in genera improve onthe HIRLAM first guessby adjusting towards
measured values, bu AMIS isthe best.

It shoud be noted here that some 10 stations which go into the AMIS gridding, for technicd
reasons are nat used in the Ol-analysis; this might explain part of the differencesin quality.

Asfor temperature, there ae quite large diff erences from station to stationin hov well the
analysed datafit the observed values (Appendices, pagesA11,B11,C11). AMIS was better
in months 2 and 3than in months 1 and 4 HIRLAM-D and the Ol-analysis were better in
months 1 and 2than in the remaining part of the verificaion period (Appendices, pages
A13,B13,C13).

4.4 Conclusions

To sum up, the verificaion shows that all threemethods perform satisfadorily for both
temperature and relative humidity, although the results for temperature ae better than those
for humidity. The Ol surface aaysis sheme improves onthe HIRLAM first-guess bu still
the simple AMIS interpadlation with ground olservations asits $le data source and no buit-
in physics or information onsurface taraderistics does a better jobin the mean.
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5. Conclusions and Outlook

In the present study the quality of AMIS gridded fields of 2 metre temperature and relative
humidity has been compared to that of the correspondng fields produced by the operational
DMI-HIRLAM-D model andthe HIRLAM Optimum Interpolation surface aaysis sheme
using the HIRLAM-D fields asfirst guess The investigation haes been carried out through
case evaluation and statisticd verification.

Theimmediate anclusions from both the cae studies and the verificaion are that al three
analysis methods work reasonably well, although better for temperature than for relative
humidity. As measured by the statistics, AMIS performs best for both parameters, followed
by the Ol-analysis. The cae evaluation suppats this conclusion and also pantsto some
important strengths and weaknesses of the threemethodk:

Through the caes it has been ill ustrated haw the use of a high-resolution numericd weaher
prediction system in the analysis can confer feaures on scades which are not resolved by the
observationsto the fields, feaures which in the caes investigated here generally seem
physicdly redistic. The humidity fields from HIRLAM and the Ol-analysis may at times be
quite poar.

The examples have dso shown that the quality of the AMISfieldsis very much dependent
onthe quality and avail abilit y of single observations; in particular, sinceonly a carse
climatologicd chedk is performed onthe inpu values, AMIS isvery prone to observation
errors which may ruin single fields locdly.

How can it be that increasing the grid resolution and adding sophisticated physics and
dynamics, surfacephysiography and analysis techniques to the gridding procedure adually
impairs the quality of the resulting fields?

Part of the explanation lies probably with the fad that the Ol-analysis <heme istuned to
perform well in a dimate (the Spanish) which is more @ntinental and lesshorizontally
variable than the Danish ore, and with aforecat model having alower resolution than that
of DMI-HIRLAM-D. Much could undoulbedly be gained from tuning and ogimising the Ol
procedure for Danish appli cations.

The question pcsed beas upona cantral issue in numericd weaher prediction, ramely that
of the relation between, on ore hand, increased spatial and temporal resolution in the models
and the resulting sharper and more variable model fields - and, onthe other, the quality of
these fields as measured at single paints. In general, larger variability will tendto give
poarer paint statistics, even when the variability is physicdly redistic. The way out of this
dilemmais probably nat to give up working onincreased model sharpnessand resolution,
but, rather, to work in parall el on scientificadly well-founded ways of quantifying the
expeded model errors, e.g., by the use of ensemble prediction techniques.

Looking abit ahead in time, it is clea that substantial improvementsin AMIS, espedally as

regards horizontal variations on scaes not resolved by the raw observations, will haveto be
made through more intensive use of a numericd weaher prediction system. Of interest here
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isthe change, planned for 2000,in the operational DMI-HIRLAM data assmil ation system
to a3D variational scheme. Thiswill allow new datatypesto beincluded in the

assmil ation, most importantly several new types of satellit e data, and will also give abetter
use of the dready ingoing data types. Surfaceobservations from SYNOP, automatic dimate,
and road weaher stations of parameters like temperature, relative humidity and, at alater
stage, posshbly even predpitation amourt and intensity, will enter diredly into the
asgmilation.

Of spedal interest to the ayricultural community is the posshbility of improving the
representation d surface daraderistics and the parameterisation o surfaceprocessesin
DMI-HIRLAM; natably, theinclusion o land-use information, varying through the course
of the season, and correspondng advancements in the parameterisation d vegetation,
present intriguing possbiliti es for further improvements in the analysis and short-term
forecasting of surfacefields.

So, even if theimmediate anclusions from this gudy do nd paint in that diredion, it is

expeded that AMIS usersin the coming yeaswill benefit from closer conredions between
AMIS and the DMI-HIRLAM system.
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Appendix A

This appendix contains tables with detail ed statistic of the verificaion d the AMISfield for
ead verifying station. The foll owing parameters are used:

Month no. 1
Month no. 2
Month no. 3
Month no. 4
ME

MAE
RMSE
HR 1

HR 2

HR5

HR 10

April 21-May 20 1999
May 21-June 20 1999
June 21-July 20 1999
July 21-August 19 1999

Mean Error, i.e. the sum of the diff erence between the analysed values and
the observations, divided by the number of observations.

Mean Absolute Error, i.e. the sum of the @solute diff erence between the
analysed values and the observations, divided by the number of
observations.

Roat Mean Square Error, i.e. square root of the mean squared error.

Hit Rate, i.e. the relative number of analysed value that are within +/- 1
degrees Celsius of the observed temperature.

Hit Rate, i.e. the relative number of analysed value that are within +/- 2
degrees Celsius of the observed temperature.

Hit Rate, i.e. the relative number of analysed value that are within +/- 5% of
the observed relative humidity.

Hit Rate, i.e. the relative number of analysed value that are within +/- 10%
of the observed relative humidity.

All Hit Rates are given in percent hits.

ME, MAE and RMSE are in degreeCelsiusin tables srowing temperature statisticsandin
percent humidity in tables showing relative humidity statistics.
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Appendix B

This appendix contains tables with detail ed statistics of the verificaion d the Ol-analysis field for
ead verifying station. The foll owing parameters are used:

Month no. 1
Month no. 2
Month no. 3
Month no. 4
ME

MAE

RMSE
HR1

HR 2

HR5

HR 10

April 21-May 20 1999
May 21-June 20 1999
June 21-July 20 1999
July 21-August 19 1999

Mean Error, i.e. the sum of the diff erence between the analysed values and the
observations, divided by the number of observations.

Mean Absolute Error, i.e. the sum of the absolute diff erence between the analysed
values and the observations, divided by the number of observations.

Roat Mean Square Error, i.e. square roat of the mean squared error.

Hit Rate, i.e. the relative number of analysed value that are within +/- 1 degrees
Celsius of the observed temperature.

Hit Rate, i.e. the relative number of analysed value that are within +/- 2 degrees
Celsius of the observed temperature.

Hit Rate, i.e. the relative number of analysed value that are within +/- 5% of the
observed relative humidity.

Hit Rate, i.e. the relative number of analysed value that are within +/- 10% of the
observed relative humidity.

All Hit Rates are given in percent hits.

ME, MAE and RMSE are in degreeCelsiusin tables srowing temperature statistics and in percent
humidity in tables showing relative humidity statistics.
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Appendix C

This appendix contains tables with detail ed statistics of the verificaion d the HIRLAM-D field for
ead verifying station. The foll owing parameters are used:

Month no. 1 April 21-May 20 1999
Month no. 2 May 21-June 20 1999
Month no. 3 June 21-July 20 1999
Month no. 4  July 21-August 19 1999

ME Mean Error, i.e. the sum of the diff erence between the analysed values and the
observations, divided by the number of observations.

MAE Mean Absolute Error, i.e. the sum of the absolute diff erence between the analysed
values and the observations, divided by the number of observations.

RMSE Roat Mean Square Error, i.e. square roat of the mean squared error.

HR 1 Hit Rate, i.e. the relative number of analysed value that are within +/- 1 degrees
Celsius of the observed temperature.

HR 2 Hit Rate, i.e. the relative number of analysed value that are within +/- 2 degrees
Celsius of the observed temperature.

HR5 Hit Rate, i.e. the relative number of analysed value that are within +/- 5% of the
observed relative humidity.

HR 10 Hit Rate, i.e. the relative number of analysed value that are within +/- 10% of the
observed relative humidity.

All Hit Rates are given in percent hits.

ME, MAE and RMSE are in degreeCelsiusin tables srowing temperature statistics and in percent
humidity in tables showing relative humidity statistics.
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