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2 HARMONIE, AROME-NORWAY AND AROME-METCOOP

1 Models

The following models are verified in this report. All except EC are or have been running at MET.

EC Global model (IFS) at the ECMWF. From 26 January 2010 reso-

lution T1279 or approximately 16× 16 km2 horizontally. Available

resolution for verification at MET is 0.125◦ latitude and longitude.

Number of vertical levels increased from L91 to L137 25 June

2013.

Hirlam12 (H12) Version 7.1, horizontal resolution defined by a 12 × 12 km2 grid

since 13 February 2008.

Hirlam8 (H8) Version 7.1, horizontal resolution defined by a 8×8 km2 grid since

13 February 2008.

Harmonie5.5 HARMONIE cycle 36h1.3 with ALARO physics run on a 5.5 ×
5.5 km2 grid from 4 May 2011 to 15 January 2013.

Harmonie2.5 HARMONIE cycle 36h1.3 with AROME physics run on a 2.5 ×
2.5 km2 grid from 4 May 2011 to 26 February 2013.

AROME-MetCoOp (AM25) HARMONIE cycle 38h1.1 with AROME physics run on a 2.5 ×
2.5 km2 grid on same domain as AROME-Norway; experimental

since 9 December 2013.

Analysis and lead times of forecasts are denoted by e.g. 00+30 UTC which indicates forecast

generated at 00 UTC and valid 30 hours later.

2 HARMONIE, AROME-Norway and AROME-MetCoOp

Experimental HARMONIE models have been run at MET Norway since August 2008, leading

to AROME-Norway which on 1 October 2013 was introduced on yr.no, and AROME-MetCoOp

which is run in cooperation between Swedish Meteorological and Hydrological Institue and MET

Norway and replaced AROME-Norway on yr.no 27 May 2014. HARMONIE is the acronym for

HIRLAM’s meso-scale forecast system (Hirlam Aladin Regional/Meso-scale Operational NWP

In Europe). The HARMONIE system includes several configuration options. This section

presents some of the main components and setups that are or has been used at MET. More

documentation is available on http://www.cnrm.meteo.fr/gmapdoc/.
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2 HARMONIE, AROME-NORWAY AND AROME-METCOOP 2.1 ALARO-0 physics

2.1 ALARO-0 physics

ALARO-0 has physical parameterizations targeted for grey scale resolutions ( 4-10 km). It is

a spin-off of the Météo-France physical parameterizations used in the globale ARPEGE, but

with a separate radiation scheme, 3MT micro-physical frame work, and the Toucans turbulence

scheme. Much of the development has been done by the RC LACE (Regional Cooperation for

Limited Area modeling in Central Europe) community.

2.2 AROME physics

AROME (Applications of Research to Operations at MEsoscale) is targeted for horizontal reso-

lution 2.5 km or finer. It uses physical parameterizations based on the French academia model

Meso-NH and the external surface model SURFEX. AROME has been operational at Météo-

France since 18 December 2008, with a horizontal resolution of 2.5 km.

2.3 SURFEX as surface model

SURFEX (Surface externalisée) is developed at Météo-France and academia for offline exper-

iments and introduced in NWP models to ensure consistent treatment of processes related to

surface. Météo-France is already using SURFEX for some of their configurations and is plan-

ning to use it for all their configurations. Surface modelling and assimilation benefits from the

possibility to run offline experiments. SURFEX is also used for offline applications in e.g. hy-

drology, vegetation monitoring and snow avalanche forecasts.

SURFEX includes routines to simulate the exchange of energy and water between the atmo-

sphere and 4 surface types (tiles); land, sea (ocean), lake (inland water) and town. The land or

nature tile can be divided further into 12 vegetation types (patches). ISBA (Interaction between

Soil Biosphere and Atmosphere) is used for modelling the land surface processes. There are

3 ISBA options; 2- and 3-layer force restore and a diffusive approach, where the first one is

used in HIRLAM. Towns may be treated by a separate TEB (Town Energy Balance) module.

Seas and lakes are also treated separately. The lake model, FLAKE (Freshwater LAKE), has

recently been introduced in SURFEX. A global ECOCLIMAP database which combines land

cover maps and satellite information gives information about surface properties on 1 km resolu-

tion. The orography is taken from gtopo30.

“SURFEX Scientific Documentation” and “User’s Guide” are available on http://www.cnrm.meteo.fr/surfex/
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2 HARMONIE, AROME-NORWAY AND AROME-METCOOP 2.4 Data assimilation

2.4 Data assimilation

NWP models are updated regularly using observations received in real-time from the global

observing system. With one exception the models run at MET are updated at 00, 06, 12 and 18

UTC. AROME-MetCoOp is updated each third hour; at 00, 03, 06, 09, 12, 15, 18 and 21 UTC.

2.4.1 Surface analysis

Surface analysis is performed by CANARI (Code d’Analyse Nécessaire à ARPEGE pour ses

Rejets et son Initialisation) (Taillefer, 2002). The analysis method is Optimal Interpolation and

only conventional synoptic observations are used. 2 meter temperature and relative humidity

observations are used to update the surface and soil temperature and moisture.

The snow analysis is also performed with CANARI in analogy with the HIRLAM snow analysis.

Snow depth observations are used to update Snow Water Equivalent. The snow fields are anal-

ysed only at 06 UTC as there are very few snow depth observations at 00, 12 and 18.

The Sea Surface Temperature is not analysed, but taken from the boundaries. ECMWF uses

the OSTIA (Operational Sea Surface Temperature and Sea Ice Analysis) product, including SST

from UK Met Office and SIC from MET. The surface temperature over sea ice is taken from the

boundary model and remains unchanged through the forecast.

2.4.2 Upper air analysis

AROME-MetCoOp runs three dimensional variational (3D VAR) data assimilation using con-

ventional observations from synop stations, ships, radiosondes and aircrafts. AMSU-A and

AMSU-B/MHS data from the polar orbiting NOAA and METOP satellites is also used.

2.5 Boundaries and initialization of upper air fields

Harmonie5.5 and Harmonie2.5 got their boundary values (3-hourly) from the ECMWF model

at approximately 16 km resolution. The upper air fields were initialized from ECMWF forecasts

each cycle. Harmonie5.5 had 60 vertical levels (ECMWF60 using the ECMWF definition). Har-

monie2.5 had also 60 vertical levels (HIRLAM60 using the HIRLAM definition).

AROME-Norway and AROME-MetCoOp get their boundary values (1-hourly) from the ECMWF

model at approximately 16 km resolution. They have currently 65 vertical levels. AROME-

Norway do no upper air assimilation, the upper air fields are initialized from ECMWF forecasts
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3 VERIFICATION MEASURES

each cycle. None of the HARMONIE configurations at MET have applied digital filter initializa-

tion (DFI).

3 Verification measures

All model forecasts in this report are verified against observations by interpolating (bilinear) the

grid based forecasts to the observational sites. As a consequence, it should be noted that it is

the models’ abilities to forecast the observations that is being quantifed and assessed. Thus,

there is no attempt in this report to verify area averaged precipitation for example.

Verification is carried out both for raw and categorized forecasts. In the following, let f1, ..., fn

denote the forecasts and o1, ..., on the corresponding observations.

3.1 Forecasts of continuous variables

The verification statistics applied to continuous variables are defined in the table below

Statistic Acronym Formula Range Optimal score

Mean Error ME 1
n

∑n
i=1(fi − oi) −∞ to∞ 0

Mean Absolute Error MAE 1
n

∑n
i=1 | fi − oi | 0 to∞ 0

Standard Deviation of Error SDE
(

1
n

∑n
i=1(fi − oi −ME)2

)1/2

0 to∞ 0

Root Mean Square Error RMSE
(

1
n

∑n
i=1(fi − oi)

2
)1/2

0 to∞ 0

Correlation COR
1
n

∑n
i=1(fi−f̄)(oi−ō)

SD(f)SD(o) −1 to 1 1

In the formula for COR the following definitions are used

f̄ =
1

n

n∑
i=1

fi, ō =
1

n

n∑
i=1

oi

SD(f) =
( 1

n

n∑
i=1

(fi − f̄)2
)1/2

, SD(o) =
( 1

n

n∑
i=1

(oi − ō)2
)1/2
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3 VERIFICATION MEASURES 3.2 Forecasts of categorical variables

for the means and standard deviations of the forecasts and observations.

3.2 Forecasts of categorical variables

All variables in this report are continuous in raw form, but it is possible to categorize them and

verify these. For example, wind speed above a given threshold could be of interest which would

result in two possible outcomes (yes and no). The verification is then completely summarized

by a contingency table as the one shown below

event observed

yes no

yes a b
event forecasted

no c d

Verification statistics for such forecasts are listed in the following table

Statistic Acronym Formula Range Optimal score

Hit rate HR a
a+c 0 to 1 1

False alarm rate F b
b+d 0 to 1 0

False alarm ratio FAR b
a+b 0 to 1 0

Equitable threat score ETS a−ar
a+b+c−ar −1/3 to 1 1 (0 = no skill)

Hanssen-Kuipers skill score KSS HR - F −1 to 1 1 (0 = no skill)

In the formula for ETS ar = (a + b)(a + c)/n.

3.3 Observations

All observations come from Klimadatavarehuset at MET. Only synop stations are used, except

for precipitation where all availiable stations are used for better spatial coverage. The model

wind speed is verified against the mean wind FF observations. For post processed wind speed,

the maxium 10 min mean wind speed last hour, FX, is used.
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3 VERIFICATION MEASURES 3.4 Changes since last report

3.4 Changes since last report

• AROME-Norway now switched off
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4 NORWAY

4 Norway

4.1 Comments to verification results

Mean Sea Level Pressure:

ECMWF scores best for MSLP, but MAE have increased for all models, from about 1.5hPa for

the highest lead times during autumn, to 2.5hPa during winter. The increased MAE appears

to related to the unsystematic error. The long term verification show that the MAE in MSLP

normally have a peak during winter.

Wind speed:

Mean wind speed:

Most models have positive biases for 10m mean wind speed, the exception is ECMWF. AM25

deviates the most from the observations with mean wind speed around 0.7ms−1 higher. AM25

has the highest SDE, but the lowest MAE up to 33h. After 33h, ECMWF has the lowest MAE.

AM25 has the highest hit rate (HR) for almost all thresholds, but also the highest false alarm

ratio. Still, in the ETS, AM25 scores highest. Most models have too few of the wind events

between 0 − 3ms−1 and too many of the 3 − 11ms−1 AM25 is the model with the best repre-

sentation of the highest wind speed, but even this model underrepresent the frequency of wind

speeds above 21ms−1.

Max mean wind speed:

After post processing, AM25 has almost no bias for the max mean wind speed. It also scores

best at ETS.

Wind gust:

The wind gust in the AM25 model is generally too low compared with the observed wind gust.

The 925hPa wind and the H8 wind gust normally have too high wind gusts. In total, AM25_FG

has the best representation of the wind gust, except for the two highest categories.

Temperature 2m:

ECMWF has a very clear cold bias and trend in temperature. At the end of the short term fore-

cast, it is nearly 1.5◦C too cold. There is also a cold bias and trend in AM25, but not as strong

as in ECMWF. H8 has almost no bias. The SDE is lowest for AM25, which also has the lowest

MAE. ECMWF has about 0.5◦C higher MAE than AM25.

Post processed temperature:

The post processing of AM25 reduces the bias, but there is still a cold trend with longer lead

7



4 NORWAY 4.1 Comments to verification results

times. With post processing, the overall MAE is reduced with around 0.1◦C, most of the reduc-

tion is with short lead times.

Daily precipitation:

Most models, except ECMWF, have too little precipitation compared with the observations.

AM25 has the highest ETS score for all threshold. AM25 also has the best representation

of the highest precipitation amounts.
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4 NORWAY 4.2 Pressure and variables at pressure levels

4.2 Pressure and variables at pressure levels
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4 NORWAY 4.2 Pressure and variables at pressure levels
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4 NORWAY 4.2 Pressure and variables at pressure levels
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4 NORWAY 4.2 Pressure and variables at pressure levels
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4 NORWAY 4.3 Wind Speed 10m
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4 NORWAY 4.3 Wind Speed 10m
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4 NORWAY 4.3 Wind Speed 10m
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4 NORWAY 4.3 Wind Speed 10m

Dec11 Mar12 Jun12 Sep12 Dec12 Mar13 Jun13 Sep13 Dec13 Mar14 Jun14 Sep14 Dec14

1.0

1.5

2.0

2.5

3.0

3.5

00+24,+30,+36,+42 UTC

ECMWF Hirlam8 Harmonie2.5 AROME_Norway AM25

152 Norwegian stations

Dec11 Mar12 Jun12 Sep12 Dec12 Mar13 Jun13 Sep13 Dec13 Mar14 Jun14 Sep14 Dec14

1.0

1.5

2.0

2.5

3.0

3.5

43 Norwegian coastal stations

Dec11 Mar12 Jun12 Sep12 Dec12 Mar13 Jun13 Sep13 Dec13 Mar14 Jun14 Sep14 Dec14

1.0

1.5

2.0

2.5

3.0

3.5

5 Norwegian mountainous stations

Standard Deviation of Error

19



4 NORWAY 4.3 Wind Speed 10m

Dec11 Mar12 Jun12 Sep12 Dec12 Mar13 Jun13 Sep13 Dec13 Mar14 Jun14 Sep14 Dec14

1

2

3

4

5

00+24,+30,+36,+42 UTC

ECMWF Hirlam8 Harmonie2.5 AROME_Norway AM25

152 Norwegian stations

Dec11 Mar12 Jun12 Sep12 Dec12 Mar13 Jun13 Sep13 Dec13 Mar14 Jun14 Sep14 Dec14

1

2

3

4

5

43 Norwegian coastal stations

Dec11 Mar12 Jun12 Sep12 Dec12 Mar13 Jun13 Sep13 Dec13 Mar14 Jun14 Sep14 Dec14

1

2

3

4

5

5 Norwegian mountainous stations

Mean Absolute Error

20





4 NORWAY 4.4 Max Mean Wind Speed 10m
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4 NORWAY 4.4 Max Mean Wind Speed 10m
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4 NORWAY 4.4 Max Mean Wind Speed 10m
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4 NORWAY 4.5 Wind gust
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4 NORWAY 4.5 Wind gust
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4 NORWAY 4.6 Temperature 2m
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4 NORWAY 4.6 Temperature 2m

0

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●●●

●

●

●

●

●

●

●

●
●

●
●●

●

●

●
●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●●●
●

●

●●

●

●

●

●

●

●

●●
●

●
●●

●

●

●
●

●

●

●●

●●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●●●
●

●

●

●

●

●

●
●

●
●
●

AM25 H8 ECMWF H12

−6

−4

−2

0

2

4

ME

Lead time [h]:  00+3,+6,..,+48 279 stations

●

●

●

●

●●●●●●●●

●

●
●
●●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●
●
●●

●

●

●
●●●
●
●●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●●●●

●

●
●●

●
●●
●●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●●●●
●

●

●
●

●
●●●
●●

●

●

●●

●●

●

●

●

●

AM25 H8 ECMWF H12

1

2

3

4

5

6

SDE

Lead time [h]:  00+3,+6,..,+48 279 stations

30



Dec11 Mar12 Jun12 Sep12 Dec12 Mar13 Jun13 Sep13 Dec13 Mar14 Jun14 Sep14 Dec14

−3

−2

−1

0

1

00+24,+30,+36,+42 UTC

ECMWF Hirlam8 Harmonie2.5 AROME_Norway AM25

157 Norwegian stations

Dec11 Mar12 Jun12 Sep12 Dec12 Mar13 Jun13 Sep13 Dec13 Mar14 Jun14 Sep14 Dec14

−3

−2

−1

0

1

43 Norwegian coastal stations

Dec11 Mar12 Jun12 Sep12 Dec12 Mar13 Jun13 Sep13 Dec13 Mar14 Jun14 Sep14 Dec14

−3

−2

−1

0

1

42 Norwegian inland stations

Mean Error
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5 Eastern Norway

5.1 Comments to the verification results

Case 1 VA: Too much fog/low stratus

Stable high pressure systems over Eastern Norway, here from March 16. Lowest levels are

too humid compared with observations, which then results in fog and low stratus that is not

observed. The inversion is observed to be around 5000ft, while the model is often stable from

1000ft or even from the ground.

Figure 1: Synoptic situation at March 16 at 12Z.

Case 2 VA: Precipitation phase

Snow event March 22. AROME handles the situation better than Hirlam. The Hirlam models

are too fast in with warm air near the surface, which then gives precipitation as rain. The vertical

temperature profile to AROME fits better with the observations, and gives precipitation as snow.



5 EASTERN NORWAY 5.1 Comments to the verification results

Figure 2: Figures from the March 16 case. Left: AM25 at Torp at 12Z. Right: H08 at Torp at 12Z.

Figure 3: Figures from the March 22 case. Left: Vertical profiles at Gardermoen at 15Z. Right: Vertical

profiles at Gardermoen at 18Z.
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5 EASTERN NORWAY 5.6 Post processed temperature 2m

5.6 Post processed temperature 2m
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5 EASTERN NORWAY 5.6 Post processed temperature 2m
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6 Western Norway

6.1 Comments to the verification results

Wind speed 10 m:

For the period 1st of December 2014 to 28th of February 2015, Arome, Hirlam12 and Hirlam8

all have small positive biases in wind speed, while ECMWF has a negative bias. Arome scores

best for all wind speeds.

Max mean wind speed 10 m:

For Max Mean Wind Speed, both Arome and Hirlam8 have negative biases. After postprocess-

ing Arome has almost no bias while Hirlam8 has a small positive bias. For Max mean wind

speed Arome scores better for all wind speeds.

Wind gust:

For wind gust Arome has a negative bias between 0.5 and 1 ms−1, while Hirlam8 has a positive

bias around 1ms−1. If we look at wind speed at 925 hPa (which often is used as an estimate

of wind gust), there are only minor differences in bias between the Arome and Hirlam8. Both

have a positive bias around 1ms−1. Wind gust from Arome scores best for wind speeds below

15ms−1, while Hirlam8 scores better for stronger wind gust. Overall wind gust from Arome and

Hirlam8 scores better than wind speed at 925 hPa.

Temperature 2m:

For temperature Hirlam12 and Hirlam8 have a small positive bias, Arome has a small negative

bias, while ECMWF has an increasing negative bias with lead time. After post-processing there

is almost no bias for Hirlam8 and a small negative bias for Arome.

Precipitation:

For precipitation ECWMF and Arome have almost no bias, while Hirlam12 and Hirlam8 have a

negative bias. Arome scores best for both light and heavy precipitation.

Case VV: Showers over sea:

AROME does not produce showers over Sea with westerly or southwesterly, unless a strong

through is present or there is strong convection. The showers are not produced until they are

far inland. Examples from February 20 are shown in the figures below.



6 WESTERN NORWAY 6.1 Comments to the verification results

Figure 4: Figures from the February 20 case. Left: 3h precipitation with radar echo from AROME at 21

UTC. Right: 3h precipitation from Hirlam with radar echo at 21 UTC.
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6 WESTERN NORWAY 6.2 Pressure
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6 WESTERN NORWAY 6.3 Wind Speed 10m

0

●

●●

●

●

●

●●

●●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●●

●
●

●●

●
●

AM25 ECMWF H8 H12

−4

−2

0

2

4

ME

Lead time [h]:  00+3,+6,..,+48 75 stations

●

●

●

●

●

●●
●

●

●

●

●

●

●

●●

●
●
●

●

●

●

●

●
●

●

●
●

●

●

●

●

AM25 ECMWF H8 H12

1

2

3

4

SDE

Lead time [h]:  00+3,+6,..,+48 75 stations

OBS

A
M

25

[0,3]

(3,11]

(11,17]

(17,21]

(21,Inf]

Sum

[0,3] (3,11] (11,17] (17,21] (21,Inf] Sum

19090 5433 44 5 1 24573

15786 37079 3599 125 19 56608

203 3761 6337 1220 245 11766

8 89 462 531 280 1370

1 17 34 65 118 235

35088 46379 10476 1946 663 94552

OBS

H
8

[0,3]

(3,11]

(11,17]

(17,21]

(21,Inf]

Sum

[0,3] (3,11] (11,17] (17,21] (21,Inf] Sum

15423 4995 123 2 3 20546

19594 38319 4531 287 36 62767

65 3019 5473 1153 263 9973

6 37 346 464 282 1135

0 9 3 40 79 131

35088 46379 10476 1946 663 94552

OBS

E
C

M
W

F

[0,3]

(3,11]

(11,17]

(17,21]

(21,Inf]

Sum

[0,3] (3,11] (11,17] (17,21] (21,Inf] Sum

23423 11711 482 40 4 35660

11630 32664 4778 300 40 49412

30 1977 5032 1291 289 8619

5 26 181 312 293 817

0 1 3 3 37 44

35088 46379 10476 1946 663 94552

OBS

H
12

[0,3]

(3,11]

(11,17]

(17,21]

(21,Inf]

Sum

[0,3] (3,11] (11,17] (17,21] (21,Inf] Sum

14217 4637 78 4 4 18940

20810 39050 4967 366 51 65244

59 2653 5130 1126 277 9245

2 37 293 421 262 1015

0 2 8 29 69 108

35088 46379 10476 1946 663 94552

Lead time [h]:  00+3,+6,..,+48 UTC 75 stations

87





6 WESTERN NORWAY 6.3 Wind Speed 10m

0.0

1.5

3.4

5.4

7.9

13.8

AM25 00+12
ME at observing sites forecast means 01.12.2014 − 28.02.2015

1.3

1.4

0.4

0.7

−0.1

0.1

0.7

0.4

0.2

−0.5

0.2

0.6

0.5

0.7

1

−0.5

0.2

0.3

0.5
0.4

1.7
0.2

0.6−0.1
0.1

1.1

−0.1

1.5

1.5
−0.1

0.1

1.9

0.4

0.8

11.4

2.3

2.8

−2.6
0.7

0.7

0.4

0.21.5

02

0.7

1.6

0.2

0.6

2.2
1.7

0.8

0.9

1.2

1.60

0.5

1.4

0

2.1

−0.84

1.5 −0.1

2.1

1.21.21.7
0.8

2.6

1.3

2.9

0.3

1.4
0.2

−0.5

2.4

−0.9

−0.1

2.2

−1.2
0.3

−0.2

2.4
1.4−1.1

−1

−0.4
0.7

−0.6

0.1
1.9

2.5

0.7
1.4

1.8 2

0.4
0.1

−1

0.40.5

1.4 1.1

1.1

1.8

−2.8

0.5

0

0.7

1.7

−3.8

1.60.1

1.2 1

−0.9

−0.6

1.3

0.6

1.6

−0.2

1.3

−0.7

0.9

−0.6

0.4

2.2 2.3

0.9

1.3

0.7

1
−0.5

1.5
1.6−1.6

0
3.8

1.4

1.7

2.5

1.7

1

0.1

1.2

1.5

2

1.1

2.1

1.1

1.6

2.3

89
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6.5 Wind gust
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6.6 Temperature 2m
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6 WESTERN NORWAY 6.6 Temperature 2m

0

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●
●

●

●

●

●
●
●

●

●
●
●●

●

●

●

●

●
●

●●
●
●

●

●

AM25 H8 ECMWF H12

−3

−2

−1

0

1

2

ME

Lead time [h]:  00+3,+6,..,+48 95 stations

●

●

●●
●●

●
●●

●

●

●
●
●●

●

●

●

●

●

●

●●●
●

●

●

●

●

●

●

●●●
●

●

●

●

●

●

AM25 H8 ECMWF H12

1.0

1.5

2.0

2.5

3.0

3.5

4.0

SDE

Lead time [h]:  00+3,+6,..,+48 95 stations

100
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6 WESTERN NORWAY 6.7 Post processed temperature 2m
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6 WESTERN NORWAY 6.8 Daily precipitation

●
●

●

●

●

●

●

●

●

●

●

● ●
●

●

●

●

● ●

HR

0 1 2 4 8 16 25 35 45 60 80 100
0.0

0.2

0.4

0.6

0.8

1.0

●

AM25
AM25.med
ECMWF
H8
H12

206 stationsLead time [h]: 00+30

Exceedance threshold [mm]

●
●

●

●

●
● ● ●

●

●

●

●

●

●

●

●

●

● ●

FAR

0 1 2 4 8 16 25 35 45 60 80 100
0.0

0.2

0.4

0.6

0.8

1.0

●

AM25
AM25.med
ECMWF
H8
H12

206 stationsLead time [h]: 00+30

Exceedance threshold [mm]

●

●

●

●

●

●
●

●

●

●

●

● ●
●

●

●

●

● ●

ETS

0 1 2 4 8 16 25 35 45 60 80 100
0.0

0.2

0.4

0.6

0.8

1.0

●

AM25
AM25.med
ECMWF
H8
H12

206 stationsLead time [h]: 00+30

Exceedance threshold [mm]

110



6 WESTERN NORWAY 6.8 Daily precipitation
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6 WESTERN NORWAY 6.8 Daily precipitation

0
1
2
4

7

10

15

20

25

30

AM25 00+30
SDE at observing sites forecast means 01.12.2014 − 28.02.2015

2.42.9

2.1

2.1 1.6

3.5
1.8

2

2.6

4.6
2.22.3

3.6

1.7
2.1

1.521.2

1.7

2.7
3.1

1.4

1.3

1

1.3

2.5

1.91.9

3

4.3

1.6

4.5

2

1.2

1.2

1.3

2.45.8

1.93

1.7

2.1

11.9

1.4

2.4

1.7

2.5

1.5

2.1

1.6

2.3

34.8

4.3 2.5

1.9

2.5

3.8

3.1

5.6

7.3
4.1

4.3

6.7
3.9

7.8

3.6
3.9

7.4
5.8

6.1

5.1
5.4

10.4

8.8

9.4 7.6

9.4
11.76.56.24.9 7

7.18.5

4.8

10.3

10.5

9.1
4.8

7.8

9

9.2

8.5

10.1 6.4

7.9 5.415.2

5.6
4
4.95

5

7.35.8

5

3

4.2

4.8

4.4

2.4

2

1.5

2.5 3.1

1.8

2.5

3.8
2.3

3.1

3.9

5.9

6.2
4.3

4.2

4.6

7.2

3.4

3.5

114



7 Northern Norway

7.1 Comments to the verification results

Wind:

10m wind speed does not seem to give enough high values. Northen Norway had 527 observa-

tions of wind over 21ms−1, but Arome only had 214 cases (41%). Compared to Western Norway

this is a bit better. There it was 663 observations >21ms−1 and 235 occasions in Arome (35%).

Postprocessed Wind:

The postprocessed wind does not give high enough values. Northen Norway had 846 obser-

vations of max wind over 21ms−1, and the postprocessed Arome wind had 511 cases (60%).

However this is a great improvment compared with the previous period where the bias frequency

was only about half (33%). Compared to Western Norway this is still a bit low. There it was 1126

observations >21ms−1 and 899 cases of postprocessed winds (80%). The lower bias frequency

might be due to differences in postprocessing or related to weather situations. The postpro-

cessing is handled differently in western and northern Norway, so this could be looked into.

Precipitation:

High amounts of precipitation was handled well at the observation sites with few false alarms

(but still occasional high amounts close to mountains). The frequency bias is negative for

>20mm, 688 observations and 637 Arome cases (93%). This is the same as for western Nor-

way, 4436 observations and 4129 Arome cases (93%). For values above >50mm the regional

difference is less than the previous period with an underforecasting in all regions, Western Nor-

way (frequency bias 77%), in Northern Norway (58%), and finally in Eastern Norway (frequency

bias 33%).

Temperature:

Also in this period the feature that inner parts of Finnmark have relative small ME, but very high

SDE values persist. The difference here is more pronounced than in other areas. The four

stations on Finnmarksvidda have a ME of -0.9, -0.1, 0.1 and +0.8, compared to an SDE of 3.6,

4.9, 5,1 and 5.8, at lead time 24h. The difference may be due to unsystematic model errors in

cloud cover, but may also have other causes.
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7 NORTHERN NORWAY 7.3 Wind Speed 10m
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7 NORTHERN NORWAY 7.4 Max Mean Wind Speed 10m
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7.6 Temperature 2m
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7 NORTHERN NORWAY 7.6 Temperature 2m
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7 NORTHERN NORWAY 7.7 Post processed temperature 2m
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7 NORTHERN NORWAY 7.8 Daily precipitation

7.8 Daily precipitation
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7 NORTHERN NORWAY 7.8 Daily precipitation
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7 NORTHERN NORWAY 7.8 Daily precipitation
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7 NORTHERN NORWAY 7.8 Daily precipitation

0
1
2

4

7

10

15

20

25

30

AM25 00+30
SDE at observing sites forecast means 01.12.2014 − 28.02.2015

1.4

1.5

2.42.9

2.1

2.1 1.6

3.5
1.8

2

2.6
4.6
2.22.3

3.6
1.7
2.1

1.521.2

1.7

2.7
3.1

1.4

1.3
1

1.3

2.5
1.91.9

3

4.3

1.6

4.5

2

1.2

1.2

1.3
2.45.8

1.93

1.7

2.1

11.9

1.4

2.4

1.7

2.5
1.5

2.1

1.6

2.3

34.8

4.32.5

1.9

2.5
3.8

3.1

5.6

7.3
4.1

4.3

6.7

7.8

7.4
5.8

6.1
8.8

9.4 7.6
9.411.76.56.24.9 7

7.18.5
10.3

10.5
9.1 4.8

7.8

9

9.2

10.1 6.4

7.9 5.415.2

5.6
4
4.95

5

7.35.8

5

3

4.2

4.8

4.4

2.4

2

1.5

2.5 3.1

1.8

2.5

3.8
2.3

3.1

3.9

5.9

6.4

4.5

6.2
4.3 4.2

4.6

7.2

3.4

3

6
4.5

3.5

3.5 2.6

4

2.8

3.2

2.8

3.13.33.38.2

3.7 1.8

1.9

3.3

1.9

2.1

1.4

1.6

0.9

1.8

0.7

1.2

149



8 Long term forecast

There is a clear cold bias and trend in all forecasts for temperature, yet the calibration reduces

the bias with about 2 ◦C. At the longest lead times, the calibrated long term forecast is around

1◦C too cold, compared with the observations. The difference between the calibrated and un-

calibrated forecast is not so large in SDE, but the calibrated forecast has a smaller SDE. The

calibration reduces the MAE with about 1.5 ◦C .

The probabilistic consensus forecast has a lower bias in wind speed, but it is still too low com-

pared with the observation. ETS is almost the same for deterministic and the EPS consensus

at 72h. At 216h, the EPS consensus scores slightly better at lower thresholds, while the deter-

ministic is somewhat better for higher thresholds.

The long term precipitation forecasts have quite low biases, except for the longest lead times,

where the forecasts have been too dry. At 78h, the deterministic forecasts score higher at ETS,

than the probabilistic forecasts. At 222h, the ETS is lower for the deterministic forecast, but both

forecasts have relatively low scores. The probabilistic forecast has no events above 20mm per

12h.
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8 LONG TERM FORECAST 8.2 Wind Speed 10m

8.2 Wind Speed 10m
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8 LONG TERM FORECAST 8.2 Wind Speed 10m
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8 LONG TERM FORECAST 8.2 Wind Speed 10m
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8 LONG TERM FORECAST 8.3 12h Precipitation

8.3 12h Precipitation
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8 LONG TERM FORECAST 8.3 12h Precipitation

●

●

●

●

●

●

●

●

●

●

0 0.1 1 2 4 8 12 20 30 40 50
0.0

0.2

0.4

0.6

0.8

1.0
Hit Rate

●

ECMWF
EC_UKAL_KONSENSUS
EC_UKAL_MEDIAN

236 stations

Exceedance threshold

Lead time [h]: 78

●

●
●

●

●

●

●

●

●

●

0 0.1 1 2 4 8 12 20 30 40 50
0.0

0.2

0.4

0.6

0.8

1.0
False Alarm Ratio

●

ECMWF
EC_UKAL_KONSENSUS
EC_UKAL_MEDIAN

236 stations

Exceedance threshold

Lead time [h]: 78

●

●

●
●

●

●

●

●

●

●

0 0.1 1 2 4 8 12 20 30 40 50
0.0

0.2

0.4

0.6

0.8

1.0
Equitable Threat Score

●

ECMWF
EC_UKAL_KONSENSUS
EC_UKAL_MEDIAN

236 stations

Exceedance threshold

Lead time [h]: 78

158



8 LONG TERM FORECAST 8.3 12h Precipitation
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8 LONG TERM FORECAST 8.3 12h Precipitation
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8 LONG TERM FORECAST 8.3 12h Precipitation

●

●

●

●

●

●

● ●

0 0.1 1 2 4 8 12 20 30 40 50
0.0

0.2

0.4

0.6

0.8

1.0
Hit Rate

●

ECMWF
EC_UKAL_KONSENSUS
EC_UKAL_MEDIAN

236 stations

Exceedance threshold

Lead time [h]: 234

●
●

●
●

●

●

●

●

0 0.1 1 2 4 8 12 20 30 40 50
0.0

0.2

0.4

0.6

0.8

1.0
False Alarm Ratio

●

ECMWF
EC_UKAL_KONSENSUS
EC_UKAL_MEDIAN

236 stations

Exceedance threshold

Lead time [h]: 234

●

●
● ●

●

●

● ●

0 0.1 1 2 4 8 12 20 30 40 50
0.0

0.2

0.4

0.6

0.8

1.0
Equitable Threat Score

●

ECMWF
EC_UKAL_KONSENSUS
EC_UKAL_MEDIAN

236 stations

Exceedance threshold

Lead time [h]: 234

161





8 LONG TERM FORECAST 8.4 24h Precipitation

8.4 24h Precipitation
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8 LONG TERM FORECAST 8.4 24h Precipitation
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8 LONG TERM FORECAST 8.4 24h Precipitation
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9 APPENDIX

9 Appendix

9.1 10m Wind speed
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01.02.2015 − 28.02.2015

m
/s

Min Mean Max Std N

synop:  00,06,12,18 0.3 4.3 12.3 2.4 360

AM25:  12+18,+24,+30,+36 0.2 4.7 16.1 3.1 355

Hirlam8:  12+18,+24,+30,+36 0.6 6.1 15 2.2 360

ECMWF:  12+18,+24,+30,+36 0.3 2.9 9.2 1.1 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 0.5 2.5 2.5 1.8 10.6 355

Hirlam8 − synop 1.9 2.1 2.8 2.2 8.9 360

ECMWF − synop −1.3 2.1 2.5 2 7.6 360

01.12.2014 − 28.02.2015

TROMSØ
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9 APPENDIX 9.1 10m Wind speed
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Min Mean Max Std N

synop:  00,06,12,18 1 8.2 18.5 3.5 360

AM25:  12+18,+24,+30,+36 0.9 7.4 19.3 3.4 355

Hirlam8:  12+18,+24,+30,+36 0.8 8.2 18.8 3 360

ECMWF:  12+18,+24,+30,+36 1.2 8 16.6 3.1 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop −0.8 2.3 2.4 1.9 8.4 355

Hirlam8 − synop 0.1 2.3 2.3 1.8 10 360

ECMWF − synop −0.2 2 2 1.6 6.4 360

01.12.2014 − 28.02.2015

ØRLAND
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9 APPENDIX 9.1 10m Wind speed
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Min Mean Max Std N

synop:  00,06,12,18 1.3 10.6 25 4.9 360

AM25:  12+18,+24,+30,+36 0.3 11 26.2 4.7 355

Hirlam8:  12+18,+24,+30,+36 0.4 11.1 25.7 4.4 360

ECMWF:  12+18,+24,+30,+36 0.4 10.4 21.6 4.2 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 0.4 3.4 3.5 2.6 14.4 355

Hirlam8 − synop 0.5 3.4 3.4 2.5 12.9 360

ECMWF − synop −0.2 3.1 3.1 2.2 13 360

01.12.2014 − 28.02.2015

YTTERØYANE FYR
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9 APPENDIX 9.1 10m Wind speed
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Min Mean Max Std N

synop:  00,06,12,18 0.2 4.1 14.8 2.6 358

AM25:  12+18,+24,+30,+36 0.1 4.6 13.2 2.6 355

Hirlam8:  12+18,+24,+30,+36 0.6 4.7 12.8 2.3 360

ECMWF:  12+18,+24,+30,+36 0.1 4.8 14.9 2.4 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 0.5 1.9 2 1.5 7.8 353

Hirlam8 − synop 0.5 1.8 1.9 1.5 7.4 358

ECMWF − synop 0.7 1.9 2 1.5 8.6 358

01.12.2014 − 28.02.2015

BERGEN − FLORIDA
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9 APPENDIX 9.1 10m Wind speed
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Min Mean Max Std N

synop:  00,06,12,18 0.3 7.8 22.4 4.7 360

AM25:  12+18,+24,+30,+36 0.8 8.6 26.5 4.5 355

Hirlam8:  12+18,+24,+30,+36 0.6 6.4 15.1 2.6 360

ECMWF:  12+18,+24,+30,+36 0.1 3.2 8.7 1.6 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 0.8 3.1 3.2 2.5 12.2 355

Hirlam8 − synop −1.4 3.2 3.5 2.8 10.2 360

ECMWF − synop −4.6 3.6 5.9 4.8 15.6 360

01.12.2014 − 28.02.2015
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9 APPENDIX 9.1 10m Wind speed
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Min Mean Max Std N

synop:  00,06,12,18 0 0.6 7 1.1 360

AM25:  12+18,+24,+30,+36 0.2 2.2 10.9 1.9 355

Hirlam8:  12+18,+24,+30,+36 0.2 2.4 6.7 1.2 360

ECMWF:  12+18,+24,+30,+36 0.3 2.5 5.1 1 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 1.5 1.4 2.1 1.6 8.9 355

Hirlam8 − synop 1.7 1.1 2 1.8 5.4 360

ECMWF − synop 1.8 1.1 2.1 1.9 4.7 360

01.12.2014 − 28.02.2015
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9 APPENDIX 9.1 10m Wind speed
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synop:  00,06,12,18 0.5 9.6 23.1 4.3 360

AM25:  12+18,+24,+30,+36 0.9 10.8 25.9 4.6 355

Hirlam8:  12+18,+24,+30,+36 0.3 10.7 23.3 4.5 360

ECMWF:  12+18,+24,+30,+36 0.2 10.2 20.8 4.1 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 1.1 1.9 2.2 1.7 8 355

Hirlam8 − synop 1.1 1.8 2.2 1.6 8 360

ECMWF − synop 0.6 1.8 1.9 1.4 7.9 360

01.12.2014 − 28.02.2015
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9 APPENDIX 9.1 10m Wind speed
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Min Mean Max Std N

synop:  00,06,12,18 0 5.5 22.6 3.8 360

AM25:  12+18,+24,+30,+36 0.3 5.4 16.4 3.4 355

Hirlam8:  12+18,+24,+30,+36 0.7 6.2 16.1 3.2 360

ECMWF:  12+18,+24,+30,+36 0.5 6.1 18.1 3.1 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 0 1.9 1.9 1.4 6.3 355

Hirlam8 − synop 0.8 2 2.1 1.6 8 360

ECMWF − synop 0.7 1.9 2 1.5 6 360

01.12.2014 − 28.02.2015

SOLA
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9 APPENDIX 9.1 10m Wind speed
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Min Mean Max Std N

synop:  00,06,12,18 0 8.7 22 4.2 350

AM25:  12+18,+24,+30,+36 0.6 9.1 20.5 4.1 355

Hirlam8:  12+18,+24,+30,+36 0.2 8.3 22.2 4 360

ECMWF:  12+18,+24,+30,+36 0.6 8 18.5 3.6 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 0.4 2.2 2.2 1.7 8 348

Hirlam8 − synop −0.4 2.4 2.4 1.9 8.6 350

ECMWF − synop −0.7 2 2.1 1.6 6.8 350

01.12.2014 − 28.02.2015

FERDER FYR
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9 APPENDIX 9.1 10m Wind speed
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Min Mean Max Std N

synop:  00,06,12,18 0.2 2.4 8.2 1.6 360

AM25:  12+18,+24,+30,+36 0 2.4 9.6 2 355

Hirlam8:  12+18,+24,+30,+36 0.1 3.2 11.9 2.2 360

ECMWF:  12+18,+24,+30,+36 0.2 2.7 8.2 1.4 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 0 1.2 1.2 0.9 3.7 355

Hirlam8 − synop 0.8 1.5 1.8 1.3 6.4 360

ECMWF − synop 0.3 1.3 1.4 1.1 3.9 360

01.12.2014 − 28.02.2015
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9 APPENDIX 9.2 Temperature 2m

9.2 Temperature 2m
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Min Mean Max Std N

synop:  00,06,12,18 −12.9 −2.5 7.2 4 360

AM25:  12+18,+24,+30,+36 −14.6 −3.1 5.5 4.2 355

Hirlam8:  12+18,+24,+30,+36 −13.6 −3.4 6.2 3.8 360

ECMWF:  12+18,+24,+30,+36 −27.2 −8.9 2.9 6.4 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop −0.5 1.9 1.9 1.5 7.2 355

Hirlam8 − synop −0.9 1.6 1.8 1.4 5.4 360

ECMWF − synop −6.4 3.6 7.3 6.4 18.4 360

01.12.2014 − 28.02.2015

TROMSØ

178



9 APPENDIX 9.2 Temperature 2m

Dec 01 Dec 06 Dec 11 Dec 16 Dec 21 Dec 26 Dec 31

−5

0

5

10

idate

01.12.2014 − 31.12.2014

C
e
ls

iu
s

Dec 31 Jan 05 Jan 10 Jan 15 Jan 20 Jan 25 Jan 30

−5

0

5

10

idate

01.01.2015 − 31.01.2015

C
e
ls

iu
s

Feb 04 Feb 09 Feb 14 Feb 19 Feb 24 Mar 01

−5

0

5

10

idate

01.02.2015 − 28.02.2015

C
e
ls

iu
s

Min Mean Max Std N

synop:  00,06,12,18 −7.3 2.5 9.7 3.2 360

AM25:  12+18,+24,+30,+36 −8.1 1.7 9 3 355

Hirlam8:  12+18,+24,+30,+36 −5.6 2.5 9.1 2.7 360

ECMWF:  12+18,+24,+30,+36 −6.6 1.8 8.5 2.8 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop −0.9 1.3 1.6 1.3 5.4 355

Hirlam8 − synop 0 1.4 1.4 1.1 4.1 360

ECMWF − synop −0.7 1.3 1.5 1.2 3.8 360

01.12.2014 − 28.02.2015

ØRLAND
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Min Mean Max Std N

synop:  00,06,12,18 −0.3 4.8 9.8 1.9 358

AM25:  12+18,+24,+30,+36 0.4 4.9 8.9 1.8 355

Hirlam8:  12+18,+24,+30,+36 0.8 5.7 9.6 1.6 360

ECMWF:  12+18,+24,+30,+36 1.1 4.8 9.2 1.6 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 0.1 1.1 1.1 0.9 3.2 353

Hirlam8 − synop 0.9 1.1 1.4 1.1 4.4 358

ECMWF − synop 0 1 1 0.7 3.2 358

01.12.2014 − 28.02.2015

YTTERØYANE FYR
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Min Mean Max Std N

synop:  00,06,12,18 −5.7 3.4 9.9 2.7 360

AM25:  12+18,+24,+30,+36 −4.1 2 6.6 2.3 355

Hirlam8:  12+18,+24,+30,+36 −8.3 2.1 7.4 3 360

ECMWF:  12+18,+24,+30,+36 −10.3 1.6 6.4 3 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop −1.4 1.3 1.9 1.6 5.8 355

Hirlam8 − synop −1.3 1.4 1.9 1.6 6 360

ECMWF − synop −1.8 1.3 2.2 1.9 8.7 360

01.12.2014 − 28.02.2015

BERGEN − FLORIDA
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Min Mean Max Std N

synop:  00,06,12,18 −28.3 −5.9 2.5 5.1 360

AM25:  12+18,+24,+30,+36 −22.7 −8 0.4 4.1 355

Hirlam8:  12+18,+24,+30,+36 −20.3 −7.8 −0.5 3.4 360

ECMWF:  12+18,+24,+30,+36 −18.1 −7.7 0 3.5 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop −2.1 2.5 3.2 2.8 11.6 355

Hirlam8 − synop −1.9 2.7 3.3 2.8 12.7 360

ECMWF − synop −1.8 3 3.5 2.8 13.2 360

01.12.2014 − 28.02.2015

FINSEVATN
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Min Mean Max Std N

synop:  00,06,12,18 −21.5 −5.1 10.5 5.9 338

AM25:  12+18,+24,+30,+36 −16.5 −3.7 7.5 4.3 355

Hirlam8:  12+18,+24,+30,+36 −24.8 −5.9 4.4 4.9 360

ECMWF:  12+18,+24,+30,+36 −21.7 −7.8 2.8 4.7 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 1.3 3.4 3.7 3 9.5 333

Hirlam8 − synop −1 3.7 3.8 3 10.8 338

ECMWF − synop −2.9 3.3 4.4 3.6 11 338

01.12.2014 − 28.02.2015

NESBYEN
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Min Mean Max Std N

synop:  00,06,12,18 2.2 6.1 11.6 1.6 360

AM25:  12+18,+24,+30,+36 3.4 6.4 9.8 1.4 355

Hirlam8:  12+18,+24,+30,+36 4 6.8 10.1 1.3 360

ECMWF:  12+18,+24,+30,+36 2.4 6.4 10.9 1.4 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 0.3 0.8 0.9 0.6 4.2 355

Hirlam8 − synop 0.7 0.8 1.1 0.8 3.5 360

ECMWF − synop 0.3 0.8 0.9 0.6 3.8 360

01.12.2014 − 28.02.2015

EKOFISK

184



9 APPENDIX 9.2 Temperature 2m

Dec 01 Dec 06 Dec 11 Dec 16 Dec 21 Dec 26 Dec 31

−5

0

5

10

idate

01.12.2014 − 31.12.2014

C
e
ls

iu
s

Dec 31 Jan 05 Jan 10 Jan 15 Jan 20 Jan 25 Jan 30

−5

0

5

10

idate

01.01.2015 − 31.01.2015

C
e
ls

iu
s

Feb 04 Feb 09 Feb 14 Feb 19 Feb 24 Mar 01

−5

0

5

10

idate

01.02.2015 − 28.02.2015

C
e
ls

iu
s

Min Mean Max Std N

synop:  00,06,12,18 −7.3 4.1 9.4 2.9 360

AM25:  12+18,+24,+30,+36 −8.4 3.1 8.4 3.2 355

Hirlam8:  12+18,+24,+30,+36 −5 3.7 8.6 2.5 360

ECMWF:  12+18,+24,+30,+36 −1.6 3.8 7.8 2 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop −1 1.3 1.6 1.3 5.7 355

Hirlam8 − synop −0.4 1.3 1.4 1.1 4.8 360

ECMWF − synop −0.3 1.5 1.5 1.2 6.1 360

01.12.2014 − 28.02.2015

SOLA
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Min Mean Max Std N

synop:  00,06,12,18 −7.1 3.2 9 2.9 352

AM25:  12+18,+24,+30,+36 −4.6 2.9 7.9 2.7 355

Hirlam8:  12+18,+24,+30,+36 −6.5 2.2 8.3 3.1 360

ECMWF:  12+18,+24,+30,+36 −4.8 2.9 8 2.6 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop −0.3 1.1 1.1 0.8 5.5 350

Hirlam8 − synop −1.1 2.3 2.5 1.8 10.1 352

ECMWF − synop −0.3 0.9 1 0.7 4.7 352

01.12.2014 − 28.02.2015

FERDER FYR
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synop:  00,06,12,18 −14.1 −0.7 8.4 3.8 360

AM25:  12+18,+24,+30,+36 −10.4 −1.3 5.4 3 355

Hirlam8:  12+18,+24,+30,+36 −17.9 −2.7 5 4.5 360

ECMWF:  12+18,+24,+30,+36 −15.5 −2.8 4.8 3.7 360

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop −0.6 1.6 1.7 1.3 7.1 355

Hirlam8 − synop −2 2.2 3 2.3 9 360

ECMWF − synop −2.1 2.1 2.9 2.4 9.1 360

01.12.2014 − 28.02.2015

OSLO − BLINDERN
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9 APPENDIX 9.3 Daily precipitation

9.3 Daily precipitation
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Min Mean Max Std N

synop:  06 0 3.4 19.4 5.1 90

AM25:  00+30 0 4.1 26.3 5.7 89

Hirlam8:  00+30 0 4.3 21.6 5.2 90

ECMWF:  00+30 0 3.8 23.5 5.2 90

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 0.7 3.4 3.5 2 15.5 89

Hirlam8 − synop 1 3.2 3.4 2 16.2 90

ECMWF − synop 0.4 2.9 3 1.7 12.1 90

01.12.2014 − 28.02.2015
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Min Mean Max Std N

synop:  06 0 4.8 27 6.5 89

AM25:  00+30 0 4.5 21.2 5.6 89

Hirlam8:  00+30 0 4.8 22.1 5 90

ECMWF:  00+30 0 5.6 20.7 5.8 90

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop −0.4 3.5 3.5 2.1 15.1 88

Hirlam8 − synop 0 4.5 4.5 3.1 14.3 89

ECMWF − synop 0.8 4 4.1 2.6 16.9 89

01.12.2014 − 28.02.2015

BODØ
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Min Mean Max Std N

synop:  06 0 2.6 18.4 3.2 90

AM25:  00+30 0 3.5 18.5 3.8 89

Hirlam8:  00+30 0 4 20.3 3.7 90

ECMWF:  00+30 0 5.1 24.1 5.7 90

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 0.8 2.5 2.7 1.8 8.4 89

Hirlam8 − synop 1.4 3.2 3.5 2.4 11.3 90

ECMWF − synop 2.5 4.5 5.1 3 22.1 90

01.12.2014 − 28.02.2015

ØRLAND
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Min Mean Max Std N

synop:  06 0 13.2 71.1 13.5 90

AM25:  00+30 0 11.3 75 12 89

Hirlam8:  00+30 0 8.8 50.2 9 90

ECMWF:  00+30 0 12 38.2 9.8 90

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop −1.9 10.4 10.6 5.3 64.9 89

Hirlam8 − synop −4.3 10.4 11.3 6.2 61.3 90

ECMWF − synop −1.1 9.1 9.2 5 50.7 90

01.12.2014 − 28.02.2015

BERGEN − FLORIDA
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Min Mean Max Std N

synop:  06 0 1.9 24.3 3.8 88

AM25:  00+30 0 6.5 48 8.9 89

Hirlam8:  00+30 0 5.5 34.4 5.6 90

ECMWF:  00+30 0 5.9 36.7 6.7 90

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 4.7 7.9 9.2 5.3 41.5 87

Hirlam8 − synop 3.7 3.4 5 3.8 14.5 88

ECMWF − synop 4 4.4 6 4.2 21.2 88

01.12.2014 − 28.02.2015

LÆRDAL
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Min Mean Max Std N

synop:  06 0 2.1 20.8 3.8 90

AM25:  00+30 0 2.6 24.8 4.4 89

Hirlam8:  00+30 0 2.6 23.1 3.8 90

ECMWF:  00+30 0 2.2 18.5 3.7 90

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop 0.4 1.6 1.7 1 6.6 89

Hirlam8 − synop 0.5 1.5 1.6 1 7 90

ECMWF − synop 0 1.5 1.5 0.9 6.3 90

01.12.2014 − 28.02.2015

GARDERMOEN
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Min Mean Max Std N

synop:  06 0 6.5 44.2 9 54

AM25:  00+30 0 3.3 40.7 6.3 89

Hirlam8:  00+30 0 3.1 26.1 4.2 90

ECMWF:  00+30 0 2.7 25 4.9 90

ME SDE RMSE MAE Max.abs.err. N

AM25 − synop −1.1 3.9 4.1 2.7 14.2 53

Hirlam8 − synop −1.7 6.1 6.3 3.7 28.1 54

ECMWF − synop −2.1 5.1 5.5 3.4 19.9 54

01.12.2014 − 28.02.2015

NELAUG
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