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1 Introduction

1.1 Theproject

This report presents an evaluation of the data quality and accessibility of the DMI
(Danish Meteorological Institute) AgroMeteorological Information System, AMIS, for
the growing seasons of 1997 and 1998. The investigation was carried out at DMI as part
of a joint project on IT and decision support systems in agriculture, “Informatik og
Bedlutningsstettesystemer i Jordbruget” (INF96-1), having participants from Danish
agricultural organizations, and funded by the Danish Ministry of Food, Agriculture and
Fishery.

1.2 Thereport

The report is organized as follows:

Chapter 2 contains a brief description of the AMIS system and database. In Chapter 3 we
summarize the statistics on the availability of AMIS data. Chapter 4 deals with the
evaluation of interpolated AMIS observational data, and Chapter 5 presents verification
results for the AMIS forecast fields.

Appendices A, B and C contain the most important results of each investigation in
tabulated form; these are occasionally referred to in the text.

1.3 Abbreviations

Throughout the report and in the appendices we use the following abbreviations for
meteorological quality measures:

E Error

ME Mean error

MAE Mean absolute error
RMSE Root-mean-sguare error
HR Hit rate (percent correct)

HKSI Hanssen-Kuipers skill index ([1])
SSPER  Skill score based on persistence
SSCLI Skill score based on climatology



2 The AMIS system

2.1 General

AMIS, the DMI AgroMeteorological Information System, provides farmers and other
users within the agricultural community with local meteorological data on a real-time
basis. The system was introduced in April, 1997, and is under continuous development
with respect to data quality and content.

2.2 The database

The heart of the system is a database of meteorological observations and forecasts
interpolated to an approximately 10 by 10 kilometer geographical grid covering Danish
land area. There are 632 AMIS points, or ‘squares’, in al (fig. 2.1). The database is part
of (and up to now indeed identical to) the so-called SAFE (SemiAutomatic Forecasting
Environment) database [2].

Table 2.1 lists the observation (AMO) and forecast (AMF) parameters contained in the
database in 1997 and 1998. For each weather parameter the table shows the
corresponding observation or forecast times, two constants specifying the interpolation
method (power and cut-off radius, see below), the approximate number of data points
entering the interpolation, and a short verbal description.

Except for 24HPEV, the observation data are interpolated from measured values from
some 70 SYNOP and automatic climatological stations (fig. 2.2.a-b). Not al stations
measure precipitation amount, and only 19 stations measure global radiation. 24HGLR
was included in the database from April 1, 1998.

The2MTX, 2M TN and 10M FX forecast fields are prepared from point forecasts for the
same set of stations, the point forecasts in turn are produced using statistical
interpretation of weather model data from the ECMWF (European Centre for Medium
Range Weather Forecasts) global forecast model.

24HPEV observation and forecast fields are interpolated analyses and forecasts from the
DMI evaporation-prediction system, which is run for all Danish SYNOP stations [3 and
4].

24HAT forecasts are rav ECMWF model forecasts, interpolated to the AMIS grid.

Interpolation is distance weighted with weights proportional to d', where d is distance
and r is a parameter dependent (negative) power. A parameter dependent cut-off radius
limits the number of data points influencing each interpolated value.



Figure2.1:
The 632 AMIS 10 by 10 kilometer ‘squares'.

Table2.1.

Observation (AMO) and forecast (AMF) parameters contained in the database in 1997
and 1998.

Figure2.2.a

SYNORP stations.

Figure 2.2.b:
Automatic climatological stations.



Figure2.1 AMISgrid




Table2.1 AMISweather parameters 1997/ 1998

Para- Time No. of Interpolation Interpolation Description
meter stations radius power
(approx.) (km)
2MT  |00,03,06,09,12, 72173 150/ 100 -2.0/-1.7 |Temperature 2 m above ground (degrees
15,18,21 UTC Celsius)
2MRH ]00,03,06,09,12, 72173 150/ 100 -2.0/-1.7 |Relative humidity 2 m above ground
15,18,21 UTC (percent)
10MFF |00,03,06,09,12, 72173 150/ 100 -2.0/-1.3 |Wind speed 10 m above ground (m/s)
15,18,21 UTC
24HAT 06-06 UTC 31/33 150/ 100 -2.0/-1.4 |24 hours' accumulated precipitation (mm)
24HPEV 06-06 UTC 38/38 150/ 80 -1.0/-1.4 |24 hours' accumulated potential
evaporation (mm)
24HGLR 06-06 UTC -/19 -/100 -/-2.3 24 hours' accumulated radiation ( MJ/m?)
2MTX | Day 0,1,2,3,4,5 71/71 150/70 -5.0/-2.2 |Maximum day temperature 2 m above
ground (degrees Celsius)
2MTN | Day0,1,2,3,4,5 71/71 150/70 -1.5/-2.2  [Minimum night temperature 2 m above
ground (degrees Celsius)
10MFX | Day 0,1,2,3,4,5 71/71 150 /50 -2.0/-3.8 |24 hour maximum wind speed 10 m above
ground (m/s)
24HAT | Day0,1,2,3,4,5 288 /288 150/ 60 -2.0/-2.3 |24 hours' accumulated precipitation (mm)
24HPEV | Day 0,1,2,3,4,5 38/38 150/ 80 -1.0/-1.4 |24 hours' accumulated potential

evaporation (mm)




Figure 2.2.a SYNOP stations
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Figure 2.2.b Automatic climatological stations

AMIS, automatic climatological stations
radiation and precipitation
radiation

precipitation

no regisiration

N e




3 Availability

3.1 Observation data

Table 3.1 summarizes the availability of AMIS observation data fields for each month of
the growing seasons of 1997 and 1998. Numbers for 2MT, 2MRH and 10MFF are
shown for observation hours 00 and 12 UTC only. Here and elsewhere in this report, the
period covered by the statistics starts by April 17, 1997, the day AMIS became
operational.

For most parameters and months the AM O availability is between 90 and 100 percent.
The lowest numbers are found in July, 1997, where (on the 27th) a lightning stroke
hitting DMI caused considerable loss of observational data.

If at any specific hour there are AMIS grid points having no raw data points within the
cutoff radius, interpolated data values for these grid points cannot be determined. The
data coverage of asingle AMIS field may thus be lower than 100 %.

Tables A.1 of Appendix A show the minimum, maximum and mean percentage of good
data values of available fields for the same parameters, periods and observation hours as
above. The data coverage is above 98 % in all cases, except for 24HPEV, where, as a
result of a human error, input data for the island of Bornholm were consistently missing
up to June 15, 1998.

3.2 Forecast data

Table 3.2 shows the availability of forecast data fields for all parameters and selected
forecast days. All numbers are in the interval 90 to 100 percent.

The percentage of good data values of available AMF fields is above 98 % for al
parameters and forecast lengths (Appendix A, Table A.2).

Table 3.1:
Availability of observation data fields, percent.

Table 3.2:
Availability of forecast data fields, percent.



Availability percentage

Table 3.1 Observation data

UTC| Apr May Jun Jul Aug Sep All

2MT 00 929 1000 1000 935 968 100,00 97,6

1 12 929 968 1000 90,3 1000 96,7] 96,4
9 [2MRH 00 929 968 1000 90,3 87,1 100,00 94,6
9 12 929 968 1000 90,3 1000 96,7] 96,4
7 |1IOMFF 00 929 1000 1000 935 968 100,00 97,6
12 929 968 1000 90,3 1000 96,7] 96,4

24HAT 06 857 1000 1000 90,3 100,0 100,04 97,0
24HPEV 06 929 1000 900 806 968 90,0 91,6
2MT 00 | 100.0 100.0 100.0 1000 96.8 100.0f 995

1 12 | 100.0 100.0 100.0 100.0 100.0 100.0] 100.0
9 [2MRH 00 | 100.0 100.0 100.0 100.0 100.0 100.0, 100.0
9 12 | 100.0 1000 100.0 100.0 100.0 100.0] 100.0
8 [1IOMFF 00 | 100.0 100.0 100.0 100.0 100.0 100.0, 100.0
12 | 100.0 1000 100.0 100.0 100.0 100.0] 100.0

2AHAT 06 | 1000 100.0 100.0 1000 1000 96.7 99.5
24HPEV 06 933 935 867 1000 968 100.0f 95.1
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Table 3.2 Forecast data

Day Apr May Jun Jul Aug Sep All

0 929 1000 833 935 1000 96,7 94,6

2MTX 3 929 1000 833 935 1000 96,7 94,6

5 929 1000 700 90,3 1000 93,3 91,0

0 929 1000 833 935 1000 96,7 94,6

2MTN 3 929 1000 833 935 1000 96,7 94,6

1 5 929 1000 700 90,3 1000 93,3 91,0
9 0 929 100,0 1000 1000 100,0 100,0 99,4
9 |24HAT 3 929 100,0 933 1000 1000 100,0 98,2
7 5 929 1000 90,0 1000 96,8 100,0 97,0
0 929 1000 933 9,8 1000 933 96,4

24HPEV 3 929 1000 933 9,8 1000 933 96,4

5 929 1000 933 968 1000 93,3 96,4

0 929 1000 833 935 1000 96,7 94,6

10MFX 3 929 1000 833 935 1000 96,7 94,6

5 929 1000 700 90,3 1000 93,3 91,0

O | 100.0 96.8 100.0 100.0 96.8 100.0 98.9

2MTX 3 | 100.0 96.8 100.0 100.0 96.8 100.0 98.9

5 | 100.0 935 1000 1000 935 96.7 97.3

O | 100.0 96.8 100.0 100.0 96.8 100.0 98.9

2MTN 3 | 100.0 96.8 100.0 100.0 96.8 100.0 98.9

1 5 | 100.0 935 1000 100.0 935 100.0 97.8
9 0O | 100.0 100.0 1000 100.0 1000 96.7 99.5
9 |24HAT 3 | 100.0 96.8 100.0 100.0 96.8 100.0 98.9
8 5 | 100.0 96.8 1000 100.0 96.8 100.0 98.9
0 96.7 100.0 1000 935 935 100.0 97.3

24HPEV 3 | 100.0 100.0 1000 96.8 96.8 100.0 98.9

5 | 100.0 100.0 1000 96.8 96.8 100.0 98.9

0 96.7 96.8 1000 903 968 96.7 96.2

10MFX 3 | 100.0 96.8 100.0 100.0 96.8 100.0 98.9

5 | 100.0 935 1000 100.0 935 100.0 97.8
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4 Evaluation of the gridding method

4.1 Procedure

4.1.1 Data

The gridding method was evaluated for the following observed parameters. 2MT,
2MRH, 10MFF, 24HAT and (for 1998) 24HGLR.

To obtain independent data for the evaluation of 2MT, 2MRH and 10MFF, we
selected 17 SYNOP- and automatic climatological stations and compared observations
from these with pseudo-AMIS data, produced by re-running the interpolation with one
station left out. The 24HGLR fields were evauated in the same way, using all 19
stations reporting global radiation. For 24HAT we compared AMIS vaues with
independent observations from a number of manual climatological stations, 19 in 1997,
16 in 1998.

We evauated daily values of 24HAT and 24HGLR and values from 00 and 12 UTC of
the other parameters. For 2M T and 24HAT we looked at monthly sums as well.

4.1.2 Verification methods

For each parameter and observation hour and for each station we computed monthly
values of ME, MAE, RMSE, HR and HKSI. For monthly sums we investigated the
time series directly.

The limits used for computing HR and HK S are as follows:

2MT 2°C

2MRH 10 %

10MFF 2m/s

24HAT theintervals 0-0.1, 0.1-2, 2-6, 6-10, >10 mm
24HGLR 2 MInm?

HR for 24HAT was computed as the percentage of AMIS values belonging to the same
interval as the point value; for the rest of the parameters it is the percentage of AMIS
values within the given limit from the observation.

4.2 Results

4.2.1 Temperature

Figures4.1 a-b show ME, MAE and HR for 2MT at 00 and 12 UTC for each month of
the two growing seasons, averaged over al verification points.

The ME curve for 00 UTC shows a positive bias of around half a degree for al months;
for 12 UTC the biasis small. MAE values are around 1 °C for both observation hours.
The hit rates are between 80 and 100 percent for most months.

In Appendix B the station minimum, maximum and average values of all scores are
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tabulated for each month. The HK'SI values show that the interpolation has positive skill
compared to chance for all stations and months, except for July 1997, where HK Sl is
negative for at least one station.

In Figure 4.1.c monthly sums of interpolated and observed temperature have been
plotted, averaged over the stations, (note that the sums for April 1997 do not cover the
whole month, cf. Section 3.1). The sums fit well, with a small positive overall bias. For
individual stations and months (Appendix B) the errors range from -30 to +36 degree
days, the average error in degree days per month was 7.6 in 1997, 6.9 in 1998

Figures 4.1.d-e show maps of the ME at 00 and 12 UTC at individual stations averaged
over each of the two growing seasons. The figures revea a clear geographical pattern in
the interpolation errors: At 00 UTC temperature is being over-estimated at inland sites
and under-estimated at the coast, whilst the opposite is the case at 12 UTC. This
indicates that one might be able to improve the quality of AMIS data by using a gridding
method which takes land-sea differences into account. It is planned in 1999 to investigate
the possibility of using analyses and short-term forecasts from the HIRLAM mode,
DMI’s operational high-resolution atmospheric model, for this purpose.

4.2.2 Relative humidity

Selected verification measures for 2MRH are displayed in Figures 4.2.a-b (analogous to
Figures 4.1.a-b). For 00 UTC the quality is quite good: HR is above 80 percent for al
months, and the MAE is around 4 percent. The results are somewhat poorer for 12
UTC, with hit rates down to 70 percent and M AE values near 8 percent in some months
of 1997. The biasis below 2 degrees by absolute value for both times and al months.

The comprehensive results (Appendix B) show alarge spread in the scores for individual
stations. In fact, for every month except one, there is some stations for which the
interpolation skill, as measured by HK S, is negative. It turns out that most of the bad
extremes, in HKSI aswell as in the other measures, come from afew verification points
having alarge bias throughout the seasons; thisis probably due to station characteristics.

4.2.3 Wind speed

Figures 4.3.a-b (analogous to Figures 4.1.a-b) show verification results for 10M FF. The
interpolated wind speeds are good for al months and both observation hours, with HR
of 70-90 percent and MAE around 1.2 m/s. At 00 UTC thereis a small, positive bias of
0.3-0.5m/s; at 12 UTC the biasisvirtualy zero, except for afew months of 1998.

The tables in Appendix B show some spread in the scores among the 17 stations. ME
and M AE reach 3.5 m/s by absolute value for one station in August 1998, 00 UTC. The
HKSI shows a large, positive skill compared to chance for nearly al stations and
months.
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4.2.4 Precipitation

For 24HAT (Figure 4.4.a, analogous to Figures 4.1.a-b) the results are only reasonable,
with HR of 55-80 percent and M AE between 0.5 and 1.6 mm. The results for 1997 are
better than those for 1998. The ME is negative for nearly all months, greatest by
absolute value in July 1997 (0.3 mm).

There is some spread in the scores for individual stations (Appendix B). For every month
there are stations showing a positive bias as well as stations where it is negative. HK SI
is positive for al stations and months.

Tables 4.1 ab are contingency tables for measured versus interpolated 24HAT values
for 1997 and 1998, all stations and months (the precipitation intervals of this table are
narrower than the five categories used for computing HR and HKSI, cf. 4.1.2). The
cases are only very roughly concentrated along the diagonal; specifically, thereis alarge
number of correctly interpolated dry cases. Most of the off-diagonal cases are dry cases
where the AMIS field had precipitation of a few mm. This is a natural consequence of
the interpolation procedure, which smoothes out local variation in the precipitation field;
it is reflected in the distributions of AMIS and observed values, the former being flatter
than the latter (top row and leftmost column).

Figure 4.4.b shows monthly sums of precipitation, interpolated and measured, averaged
over the stations (note, once again, that the data for April 1997 cover some two weeks
only). The general negative bias is apparent; averaged over al stations and months it
amounts to 4.6 mm per month for 1997, 1.5 mm for 1998.

4.2.5 Global radiation

Summary results for global radiation, 24HGLR, is shown in Figure 4.5.a (1998 only,
otherwise analogous to Figures 4.1.a-b). The interpolated values are correct within 2
MJm? in 60 - 75 percent of cases in each month; the hit rates are lowest around
midsummer when the radiation level is highest. MAE values range from 1.3 to 2.3
MJm?, ME isbetween 0 and 0.5 MJ m”.

There is some variation in the scores from station to station (Appendix B). The largest
differences - and the largest errors - are found in July, where one station has a MAE of
5.2 MJm?. HKSI is positive for nearly all stations and months.
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Figure4.l.a:
Monthly values of HR (2 and 4 °C intervals, percent), ME and MAE (°C) for 2MT at 00
UTC.

Figure4.1.b:
Same as Figure 4.2.1.a, but for 12 UTC.

Figure4.l.c:
Sation averaged monthly sums of temperature, interpolated and observed (degree
days).

Figure4.1.d
Maps of the temperature ME at 00 and 12 UTC at individual stations averaged over
1997.

Figure4.l.e
Maps of the temperature ME at 00 and 12 UTC at individual stations averaged over
1998.

Figure4.2.a:
Monthly values of HR (intervals of 10 % RH, percent), ME and MAE (% RH) for
2MRH at 00 UTC.

Figure 4.2.b:
Same as Figure 4.2.a, but for 12 UTC.

Figure4.3.a:
Monthly values of HR (4 n/s intervals, percent), ME and MAE (nmvs)
for 10MFF at 00 UTC.

Figure 4.3.b:
Same as Figure 4.3.a, but for 12 UTC.

Figure4.4.a:
Monthly values of HR (five intervals, percent), ME and MAE (mm) for 24HAT.

Figure 4.4.b:
Sation averaged monthly sums of precipitation, interpolated and observed (mm).

Table4.1.a:
Contingency table for 1997, 24HAT, all stations.

Table 4.1.b:
Contingency table for 1998, 24HAT, all stations.

Figure 4.5:

Monthly values of HR (2 MJ/n¥ intervals, percent), ME and MAE (MJ/nT")
for 24HGLR at 06 UTC (1998 only).

15



Temperature

Fig. 4.1.a
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Temperature mean error
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Relative humidity

Fig. 4.2.a
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Wind speed

Fig. 4.3.a
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Precipitation

Fig. 4.4.a

1997

24HAT at 06 UTC
1998

2.0

100

-1

1.6

ti

80

/AN

1.2

O |

60

40

0.4

20

0.0

o

-0.4

Apr

May  Jun Jul

Aug Sep Apr May Jun Jul Aug Sep

||:|HR +/-10 —0—ME —— MAE

Percent

Fig. 4.4.b

1997

Monthly sums

90

80

70

60

E50

S

40

30

20

10

0
Apr

May  Jun Jul

Aug Sep Apr May Jun Jul Aug  Sep

-- 0 - -AMIS —A— MAN CLI

20




Precipitation
Contingency tables

Table4.1.a
3,096 = Measured

1,990 498

Interpolated 8-10 10-12 12-14 14-16 16-18 18-20 20-99
1,689 0-0,1 - - - 1 - - 2
785 7 6 1 1 1 3
223 7 1 4 4 1 - 2
128 7 2 5 - 2 - 2
98 17 4 3 3 2 3 1
58 11 9 4 - 2 2
36 9 2 3 3 1 2
39 - 2 6 3 6 3 5
16 1 - 2 2 % 2 1
4 1 - - - - - - 2 - -
5 - - 1 - 1 - - - - s
15 1 1 - - - - - 2 1 1 [
Table4.1.b
2867 Measured 1,413 657 293 195 98 75 31 25 19 21 6 34
Interpolated 001 012 2-4 4-6 6-8 810 10-12 12-14 14-16 16-18 18-20 20-99
972 0-0,1 914 55 1 1 - 1 - - - - - -
1,077 0,1-2 466 |V 113 26 12 2 2 1 2 - - 1
331 2-4 21 101 111 65 19 8 1 2 1 - - 2
213 4-6 5 35 51 63 26 20 3 4 2 2 - 2
95 6-8 1 7 13 26 19 13 7 4 1 2 1 1
63 8-10 4 4 3 8 13 13 7 5 2 3 1 -
| 10-12 - - - 3 4 7 9 2 5 4 - 4
el 1214 - - - - 3 7 - 3 - 3 1 1
el 14-16 - 1 - 1 1 1 - 2 - 2 - 5
1 16-18 1 1 1 - - - 1 1 2 : - 7
21 18-20 - - 1 - 1 - - 1 1 p) 6
2| 20-99 1 1 - 1 1 2 1 1 3 4 1 5
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Global radiation

Fig. 4.5 24HGLR at 06 UTC
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5 Evaluation of forecast quality
5.1 Procedure

5.1.1 Data

Forecast quality was evaluated for the AMF parameters 2M TX, 2M TN and 24HAT for
forecast days 0, 3 and 5.

As verifying observations we used measurements from manual climatological stations,
(19 and 16 in 1997 and 1998, resptively). These stations report maximum and minimum
temperature and accumulated precipitation for the 24 hours ending at 8 o’ clock Danish
local time. In the summer period thisis 06 UTC, so we actually have the values for the
standard meteorological day, 06-06 UTC. It is considered of minor importance that the
reported extreme temperatures are for the whole 24 hour period, whilst the forecast
2MTX and 2M TN are for day and night hours, respectively.

5.1.2 Verification methods

For each parameter and forecast day and for each station we computed monthly values
of ME, MAE, RMSE, HR, HKSI, SSPER and SSCLI.

The following limits are used for computing HR and HK SI:

2MTX 2and 4°C (HKSI for 2 °C only)
2MTN 2and 4°C (HKSI for 2°C only)
24HAT theintervals 0-0.1, 0.1-2, 2-6, 6-10, >10 mm

As in the AMO evauation, HR for the temperature variables was computed as the
percentage of forecasts deviating less than 2, resp. 4 degrees from the observation; for
24HAT itisbased on thefiveintervals.

SSPER measures the skill relative to a reference forecast identical to yesterday’s
observed value; SSCL1 measures the skill relative to a forecast identical to the montly
mean value. The scores are computed as 1 - MAE/MAE,«, where MAE,¢ is the mean
absolute error of the reference forecast.

5.2 Results

5.2.1 Maximum temperature

Figures 5.1.a-c show ME, MAE and HR for 2MTX, day 0, 3 and 5, for each month,
averaged over al climatological stations. At day O there is a clear negative bias of
between -0.5 and -2 °C for all months, largest in 1998. M AE values are correspondingly
quite high, about 2 °C. The hit rates are low, around 55-60 percent for most months, for
atolerance of 2 °C, but high, above 90 percent, for a tolerance of 4 °C. This pattern is
present for day 3 and 5 as well, growing worse with forecast length. The day 5 forecasts
for 1998 are better than those for 1997.

The scores for each station (not presented here) show that the bias is negative for nearly
all stations and months. Most likely, the primary cause of the negative biasis the fact that
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the variable being predicted by the underlying statistical interpretation system (see 2.2) is
in fact not daily maximum temperature, but rather the highest of regularly (hourly or
three-hourly) reported temperature values. As a result of an error, the statistical
interpretation system was inactive in 1998, not adjusting to the actual error levels; the
explanation thus holds for 1997 only. It is planned to change the system to use reported
extreme temperatures from summer 1999.

In Figure 5.1.d the three skill scores are displayed for each forecast day for 1997 and
1998. Skill relative to climatology and relative to chance (SSCLI1 and HKSI) decrease
with forecast length for both years, as might be expected. Climatology actually beats the
AMIS forecast for day 5 - and in 1998 for day 3 as well; this is presumably because of
the large bias of the forecast. Bias probably also explains the fact that skill relative to
persistence (SSPER) decreases from day 3 to day 5. The skill scores are generally higher
for 1997 than for 1998.

5.2.2 Minimum temperature

ME, MAE and HR for 2MTN are displayed in Figures 5.2.a-c for days 0, 3 and 5. In
1997, the day O forecasts were of about the same quality as the maximum temperature
forecasts for day 0, with a general positive bias of about 1 °C and MAE vaues of 1.5 - 2
°C. In 1998 they were better, hitting within 2 °C from the observed in 75 - 80 percent of
cases, and having smaller errors. The quality goes down with forecast length, but also for
day 3 and 5 the 1998 forecasts are better than those from 1997.

Anaogoudy to what was noted concerning maximum temperature, the positive ME at
day O for 1997 might be explained by the fact that the statistical interpretation system
underlying AMIS predicts the lowest temperature reported at regular observing hours,
not the measured minimum temperature.

The sKkill plots (Figure 5.2.d) are very similar to those for maximum temperature.
Contrary to what was the case for maximum temperature, the skill scores for 1998 are
higher than those for 1997.

5.2.3 Precipitation

Figures 5.3.a-c show ME, MAE and HR for 24HAT, forecast days 0, 3and 5. At day O
the MAE isaround 2 mm and the M E between 0 and 1 mm for most months. HR values
are around 60% for 1997, but below 40% for most months of 1998. The quality
decreases with forecast length for both years, hit rates dropping to 20-50 % on day 5.
The forecast quality was generally poorer in 1998 than in 1997.

From contingency tables (not shown here) it is apparent that a magjor problem with the
24HAT forecasts is that precipitation is forecast much too frequently for dry days. This
was the case more often in 1998 than in 1997.

All three skill measures (Figures 5.3.d) decrease with forecast length. For SSPER thisis
contrary to what might be expected; one important reason, as judged from contingency
tables for persistence forecasts (not shown here), is that the persistence forecasts capture
the dry days better than the forecasts.

Skill levels are lower for 1998 than for 1997. Values of SSCLI (and for 1998 SSPER)
are negative for days 3 and 5; this indicates that one would actually be better off using
climatology rather than the AMIS values for longer forecast lengths, at least to the extent
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that the MAE is an appropriate quality measure (it should of course be noted that
‘climatology’ in this case is the monthly data mean, and so is not independent of the
verifyng data).

Figure5.1.a:
Monthly values of HR (2 and 4 °C intervals, percent), ME and MAE (°C)
for 2MTX, day O.

Figure5.1.b:
Same as Figure 5.2.1.a, but for day 3.

Figure5.1.c:
Same as Figure 5.2.1.a, but for day 5.

Figure5.1.d:
SSCLI, SSPER and HKSI for 2MTX, averaged over stations and months,
for days 0, 3 and 5.

Figure5.2.a:
Monthly values of HR (2 and 4 °C intervals, percent), ME and MAE (°C)
for 2MTN, day O.

Figure5.2.b:
Same as Figure 5.2.2.a, but for day 3.

Figure5.2.c:
Same as Figure 5.2.2.a, but for day 5.

Figure5.2.d:
SSCLI, SSPER and HKSI for 2MTN, averaged over stations and months,
for days 0, 3 and 5.

Figure5.3.a
Monthly values of HR (five intervals, percent), ME and MAE (mm)
for 24HAT, day O.

Figure5.3.b:
Same as Figure 5.2.3.a, but for day 3.

Figure5.3.c:
Same as Figure 5.2.3.a, but for day 5.

Figure5.3.d:

SSCLI, SSPER and HKSI for 24HAT, averaged over stations and months, for days 0,
3andb.
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Maximum temperature
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Minimum temperature

Fig. 5.2.a Fig. 5.2.b
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Precipitation

Fig. 5.3.a Fig. 5.3.b
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6 Conclusions

The present investigation has shown that the observation and forecast data of the AM 1S
system have been of good, expectable quality in the growing seasons of 1997 and 1998,
as measured by general meteorological standards. Availability has been high as well, and
better in 1998 than in the year before. Some important problem areas have emerged,
however:

- AMO fields of 24-hour precipitation tend to be too smooth, not reflecting the
fine-scale spatial structure of actual precipitation fields;

- AMO temperature fields display consistent bias patterns, almost certainly due
to land-sea differences not being taken into account by the interpolation scheme;

- AMF values of extreme temperature are biased, possibly as a result of the
underlying statistical interpretation method;

- Thequdity of AMF precipitation fields is |ess than satisfactory;
- Further improvement of data availability is desirable.

A number of operational changes and further off-line investigations have been planned
for 1999 with the purpose of alleviating some of these problems:

New sub-projects of the present on IT and agriculture (Section 1.1) will address the
possibility of improving the gridding methods for observed precipitation, temperature
and humidity. For precipitation, alternative interpolation techniques such as kriging will
be tried out; for the other parameters we will investigate the possibility of utilizing
analyses and short-term forecast fields from the DMI high-resolution forecast model,
HIRLAM.

In Summer, 1999, a change will be made in the operational system which will hopefully
reduce the bias problems of the AM F temperatures.

An upgrade of the operational system is expected to improve the data availability from
April, 1999.
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Appendix A - Availability

Availability of AMIS fields (percent) and percentage of good data values in available
fields (monthly minimum, maximum and mean).

Al Observations

A2 Forecasts

31



A.1 Observations

2MT at 00 UTC

2MT at 12 UTC

% min. % max. mean % min.% max. mean

avail. good % good % good avail. good % good % good

Apr | 929 100.0 100.0 100.0 Apr |92.9 100.0 100.0 100.0

1 | May|100.0 100.0 100.0 100.0 1 [May |96.8 100.0 100.0 100.0

9 |Jun | 100.0 100.0 100.0 100.0 9 [Jun |100.0 100.0 100.0 100.0

9 |Jul 93.5 100.0 100.0 100.0 9 |Jul 90.3 100.0 100.0 100.0

7 |Aug | 96.8 100.0 100.0 100.0 7 |Aug |100.0 100.0 100.0 100.0

Sep | 100.0 100.0 100.0 100.0 Sep | 96.7 100.0 100.0 100.0

All 97.6 100.0 100.0 100.0 All 96.4 100.0 100.0 100.0

Apr | 100.0 100.0 100.0 100.0 Apr |100.0 100.0 100.0 100.0

1 | May| 100.0 100.0 100.0 100.0 1 [May [100.0 100.0 100.0 100.0

9 |Jun | 100.0 100.0 100.0 100.0 9 [Jun |100.0 100.0 100.0 100.0

9 |Jul |100.0 100.0 100.0 100.0 9 [Jul |100.0 100.0 100.0 100.0

8 |Aug | 96.8 100.0 100.0 100.0 8 |Aug |100.0 100.0 100.0 100.0

Sep | 100.0 100.0 100.0 100.0 Sep |100.0 100.0 100.0 100.0

All 99.5 100.0 100.0 100.0 All |100.0 100.0 100.0 100.0
2MRH at 00 UTC 2MRH at 12 UTC

% min. % max. mean % min.% max. mean

avail. good % good % good avail. good % good % good

Apr | 929 100.0 100.0 100.0 Apr |92.9 100.0 100.0 100.0

1 |May| 96.8 100.0 100.0 100.0 1 [May |96.8 100.0 100.0 100.0

9 |Jun | 100.0 100.0 100.0 100.0 9 [Jun |100.0 100.0 100.0 100.0

9 |Jul 90.3 100.0 100.0 100.0 9 |Jul 90.3 100.0 100.0 100.0

7 |Aug | 87.1 100.0 100.0 100.0 7 |Aug |100.0 100.0 100.0 100.0

Sep | 100.0 100.0 100.0 100.0 Sep | 96.7 100.0 100.0 100.0

All 946 100.0 100.0 100.0 All 96.4 100.0 100.0 100.0

Apr | 100.0 100.0 100.0 100.0 Apr |100.0 100.0 100.0 100.0

1 | May| 100.0 100.0 100.0 100.0 1 [May [100.0 100.0 100.0 100.0

9 |Jun | 100.0 100.0 100.0 100.0 9 [Jun |100.0 100.0 100.0 100.0

9 |Jul |100.0 100.0 100.0 100.0 9 [Jul |100.0 100.0 100.0 100.0

8 | Aug | 100.0 100.0 100.0 100.0 8 |Aug |100.0 100.0 100.0 100.0

Sep | 100.0 100.0 100.0 100.0 Sep |100.0 100.0 100.0 100.0

All ]1100.0 100.0 100.0 100.0 All |100.0 100.0 100.0 100.0
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10MFF at 00 UTC

10MFF at 12 UTC

% min. % max. % mean % min.% max. mean%

avail. good good % good avail. good % good good

Apr | 929 100.0 100.0 100.0 Apr | 92,9 100.0 100.0 100.0

1 |May|]100.0 100.0 100.0 100.0 1 |May|96.8 100.0 100.0 100.0
9 |Jun | 100.0 100.0 100.0 100.0 9 [Jun |100.0 100.0 100.0 100.0
9 |Jul | 935 100.0 100.0 100.0 9 |Jul |90.3 100.0 100.0 100.0
7 |Aug | 96.8 100.0 100.0 100.0 7 |Aug |100.0 100.0 100.0 100.0
Sep | 100.0 100.0 100.0 100.0 Sep | 96.7 100.0 100.0 100.0
All 97.6 100.0 100.0 100.0 All 964 100.0 100.0 100.0
Apr | 100.0 100.0 100.0 100.0 Apr |100.0 100.0 100.0 100.0

1 |May|100.0 100.0 100.0 100.0 1 |May|100.0 100.0 100.0 100.0
9 |Jun | 100.0 100.0 100.0 100.0 9 [Jun |100.0 100.0 100.0 100.0
9 |Jul |100.0 100.0 100.0 100.0 9 [Jul |100.0 100.0 100.0 100.0
8 | Aug | 100.0 99.8 100.0 100.0 8 |Aug [100.0 100.0 100.0 100.0
Sep | 100.0 100.0 100.0 100.0 Sep [100.0 100.0 100.0 100.0
All |100.0 99.8 100.0 100.0 All ]100.0 100.0 100.0 100.0

24HAT at 06 UTC 24HPEV at 06 UTC

% min. % max. % mean % min.% max. mean %

avail. good good % good avail. good % good good

Apr | 857 99.7 100.0 100.0 Apr | 929 978 97.8 97.8

1 |May|]100.0 99.7 100.0 100.0 1 |May|100.0 97.8 97.8 97.8
9 |Jun | 100.0 100.0 100.0 100.0 9 [Jun |90.0 97.8 97.8 97.8
9 |Jul | 90.3 99.8 100.0 100.0 9 [Jul |80.6 97.8 97.8 97.8
7 |Aug | 100.0 98.6 100.0 99.9 7 |Aug |96.8 97.8 97.8 97.8
Sep | 100.0 99.8 100.0 100.0 Sep |90.0 97.8 97.8 97.8
All 97.0 98.6 100.0 100.0 All |916 978 97.8 97.8
Apr | 100.0 995 100.0 100.0 Apr |93.3 978 97.8 97.8

1 |May|]100.0 99.7 100.0 100.0 1 |May|935 97.6 97.8 97.8
9 |Jun |100.0 99.7 100.0 100.0 9 [Jun |86.7 97.8 100.0 98.7
9 |Jul |100.0 981 100.0 99.9 9 |Jul |]100.0 99.8 100.0 100.0
8 | Aug | 100.0 99.8 100.0 100.0 8 |Aug |96.8 100.0 100.0 100.0
Sep| 96.7 99.8 100.0 100.0 Sep [100.0 100.0 100.0 100.0
All 995 981 100.0 100.0 All |]95.1 976 100.0 99.1
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A.2 Forecasts

2MTX at day O 2MTN at day O
% min. % max. % mean % min.% max. mean
avail. good good % good avail. good % good % good
Apr | 929 100.0 100.0 100.0 Apr | 929 100.0 100.0 100.0
1 |May|100.0 100.0 100.0 100.0 1 |May|100.0 100.0 100.0 100.0
9 |Jun | 83.3 100.0 100.0 100.0 9 [Jun|833 100.0 100.0 100.0
9 |Jul | 935 100.0 100.0 100.0 9 [Jul |935 100.0 100.0 100.0
7 |Aug | 100.0 100.0 100.0 100.0 7 |Aug|100.0 100.0 100.0 100.0
Sep | 96.7 100.0 100.0 100.0 Sep| 96.7 100.0 100.0 100.0
All 946 100.0 100.0 100.0 All 1946 100.0 100.0 100.0
Apr | 100.0 100.0 100.0 100.0 Apr |100.0 100.0 100.0 100.0
1 |May| 96.8 100.0 100.0 100.0 1 |May|96.8 100.0 100.0 100.0
9 |Jun | 100.0 100.0 100.0 100.0 9 [Jun |100.0 100.0 100.0 100.0
9 |Jul |100.0 100.0 100.0 100.0 9 [Jul |100.0 100.0 100.0 100.0
8 |Aug | 96.8 100.0 100.0 100.0 8 |Aug|96.8 100.0 100.0 100.0
Sep | 100.0 100.0 100.0 100.0 Sep |100.0 100.0 100.0 100.0
All 989 100.0 100.0 100.0 All 198.9 100.0 100.0 100.0
2MTX at day 3 2MTN at day 3
% min. % max. % mean % min.% max. mean
avail. good good % good avail. good % good % good
Apr | 929 100.0 100.0 100.0 Apr | 929 100.0 100.0 100.0
1 |May|100.0 100.0 100.0 100.0 1 |May|100.0 100.0 100.0 100.0
9 |Jun | 83.3 100.0 100.0 100.0 9 [Jun|833 100.0 100.0 100.0
9 |Jul | 935 100.0 100.0 100.0 9 [Jul |935 100.0 100.0 100.0
7 |Aug | 100.0 100.0 100.0 100.0 7 |Aug|100.0 100.0 100.0 100.0
Sep | 96.7 100.0 100.0 100.0 Sep| 96.7 100.0 100.0 100.0
All 946 100.0 100.0 100.0 All 1946 100.0 100.0 100.0
Apr | 100.0 100.0 100.0 100.0 Apr |100.0 100.0 100.0 100.0
1 |May| 96.8 100.0 100.0 100.0 1 |May|96.8 100.0 100.0 100.0
9 |Jun | 100.0 100.0 100.0 100.0 9 [Jun |100.0 100.0 100.0 100.0
9 |Jul |100.0 100.0 100.0 100.0 9 [Jul |100.0 100.0 100.0 100.0
8 |Aug | 96.8 100.0 100.0 100.0 8 |Aug|96.8 100.0 100.0 100.0
Sep | 100.0 100.0 100.0 100.0 Sep |100.0 100.0 100.0 100.0
All 989 100.0 100.0 100.0 All 198.9 100.0 100.0 100.0




2MTX at day 5

2MTN at day 5

% min. % max. % mean % min.% max. mean

avail. good good % good avail. good % good % good

Apr | 929 100.0 100.0 100.0 Apr |92.9 100.0 100.0 100.0

1 |May|100.0 100.0 100.0 100.0 1 |May|100.0 100.0 100.0 100.0
9 |Jun | 70.0 100.0 100.0 100.0 9 [Jun|70.0 100.0 100.0 100.0
9 |Jul | 90.3 100.0 100.0 100.0 9 [Jul |90.3 100.0 100.0 100.0
7 |Aug | 100.0 100.0 100.0 100.0 7 |Aug|100.0 100.0 100.0 100.0
Sep | 93.3 100.0 100.0 100.0 Sep|93.3 100.0 100.0 100.0
All 91.0 100.0 100.0 100.0 All 191.0 100.0 100.0 100.0
Apr | 100.0 100.0 100.0 100.0 Apr |100.0 100.0 100.0 100.0

1 |May| 935 100.0 100.0 100.0 1 |May|93.5 100.0 100.0 100.0
9 |Jun | 100.0 100.0 100.0 100.0 9 [Jun |100.0 100.0 100.0 100.0
9 |Jul |100.0 100.0 100.0 100.0 9 [Jul |100.0 100.0 100.0 100.0
8 |Aug | 935 100.0 100.0 100.0 8 |Aug|93.5 100.0 100.0 100.0
Sep | 96.7 100.0 100.0 100.0 Sep |100.0 100.0 100.0 100.0

All 97.3 100.0 100.0 100.0 All 197.8 100.0 100.0 100.0

24HPEV at day 0 24HAT at day O

% min.% max. % mean % min.% max. mean

avail. good good % good avail. good % good % good

Apr | 929 100.0 100.0 100.0 Apr |92.9 100.0 100.0 100.0

1 |May|100.0 100.0 100.0 100.0 1 |May|100.0 100.0 100.0 100.0
9 |Jun | 93.3 100.0 100.0 100.0 9 [Jun |100.0 100.0 100.0 100.0
9 |Jul | 96.8 100.0 100.0 100.0 9 [Jul |100.0 100.0 100.0 100.0
7 |Aug | 100.0 100.0 100.0 100.0 7 |Aug|100.0 100.0 100.0 100.0
Sep | 93.3 100.0 100.0 100.0 Sep |100.0 100.0 100.0 100.0

All 96.4 100.0 100.0 100.0 All 199.4 100.0 100.0 100.0
Apr | 96.7 100.0 100.0 100.0 Apr |100.0 99.5 100.0 100.0

1 |May|100.0 100.0 100.0 100.0 1 |May|100.0 99.7 100.0 100.0
9 |Jun | 100.0 100.0 100.0 100.0 9 [Jun |100.0 100.0 100.0 100.0
9 |Jul | 935 100.0 100.0 100.0 9 [Jul |100.0 100.0 100.0 100.0
8 |Aug | 935 100.0 100.0 100.0 8 |Aug|100.0 100.0 100.0 100.0
Sep | 100.0 100.0 100.0 100.0 Sep|96.7 994 100.0 100.0
All 97.3 100.0 100.0 100.0 All 1995 994 100.0 100.0
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24HPEV at day 3

24HAT at day 3

% min.% max. % mean % min.% max. mean

avail. good good % good avail. good % good % good

Apr | 929 100.0 100.0 100.0 Apr 1929 100.0 100.0 100.0

1 |May|100.0 100.0 100.0 100.0 1 | May|100.0 100.0 100.0 100.0

9 |Jun | 93.3 100.0 100.0 100.0 9 |Jun|93.3 1000 100.0 100.0

9 |Jul | 96.8 100.0 100.0 100.0 9 |Jul |100.0 100.0 100.0 100.0

7 |Aug | 100.0 100.0 100.0 100.0 7 | Aug|100.0 100.0 100.0 100.0

Sep | 93.3 100.0 100.0 100.0 Sep |100.0 100.0 100.0 100.0

All 96.4 100.0 100.0 100.0 All 198.2 1000 100.0 100.0

Apr | 100.0 100.0 100.0 100.0 Apr 1100.0 100.0 100.0 100.0

1 |May|100.0 100.0 100.0 100.0 1 | May|96.8 99.2 100.0 100.0

9 |Jun | 100.0 100.0 100.0 100.0 9 |Jun |100.0 100.0 100.0 100.0

9 |Jul | 96.8 100.0 100.0 100.0 9 |Jul |100.0 100.0 100.0 100.0

8 |Aug | 96.8 100.0 100.0 100.0 8 |Aug|96.8 99.8 100.0 100.0

Sep | 100.0 100.0 100.0 100.0 Sep |100.0 98.1 100.0 99.9

All 989 100.0 100.0 100.0 All 1989 981 100.0 100.0
24HPEV at day 5 24HAT at day 5

% min. % max. % mean % min.% max. mean

avail. good good % good avail. good % good % good

Apr | 929 100.0 100.0 100.0 Apr 1929 100.0 100.0 100.0

1 |May|100.0 100.0 100.0 100.0 1 | May|100.0 100.0 100.0 100.0

9 |Jun | 93.3 100.0 100.0 100.0 9 |Jun|90.0 100.0 100.0 100.0

9 |Jul | 96.8 100.0 100.0 100.0 9 |Jul |100.0 100.0 100.0 100.0

7 | Aug | 100.0 100.0 100.0 100.0 7 |Aug|96.8 100.0 100.0 100.0

Sep | 93.3 100.0 100.0 100.0 Sep |100.0 100.0 100.0 100.0

All 96.4 100.0 100.0 100.0 All 197.0 100.0 100.0 100.0

Apr | 100.0 100.0 100.0 100.0 Apr 1100.0 99.7 100.0 100.0

1 |May|100.0 100.0 100.0 100.0 1 | May|96.8 100.0 100.0 100.0

9 |Jun | 100.0 100.0 100.0 100.0 9 |Jdun |100.0 98.7 100.0 99.9

9 |Jul | 96.8 100.0 100.0 100.0 9 |Jul |100.0 99.8 100.0 100.0

8 |Aug | 96.8 100.0 100.0 100.0 8 |Aug|96.8 100.0 100.0 100.0

Sep | 100.0 100.0 100.0 100.0 Sep |100.0 100.0 100.0 100.0

All 989 100.0 100.0 100.0 All 1989 98.7 100.0 100.0
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10MFX at day 0

10MFX at day 3
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% min.% max. % mean % min.% max. mean
avail. good good % good avail. good % good % good
Apr | 929 100.0 100.0 100.0 Apr 1929 100.0 100.0 100.0
1 |May|100.0 100.0 100.0 100.0 1 | May|100.0 100.0 100.0 100.0
9 |Jun | 833 100.0 100.0 100.0 9 |Jun|833 1000 100.0 100.0
9 |Jul | 935 100.0 100.0 100.0 9 |Jul |935 100.0 100.0 100.0
7 |Aug | 100.0 100.0 100.0 100.0 7 | Aug|100.0 100.0 100.0 100.0
Sep | 96.7 100.0 100.0 100.0 Sep|96.7 100.0 100.0 100.0
All 946 100.0 100.0 100.0 All 1946 100.0 100.0 100.0
Apr | 96.7 100.0 100.0 100.0 Apr 1100.0 100.0 100.0 100.0
1 |May| 96.8 100.0 100.0 100.0 1 | May|96.8 100.0 100.0 100.0
9 |Jun | 100.0 100.0 100.0 100.0 9 |Jun |100.0 100.0 100.0 100.0
9 |Jul | 90.3 100.0 100.0 100.0 9 |Jul |100.0 100.0 100.0 100.0
8 |Aug | 96.8 100.0 100.0 100.0 8 |Aug|96.8 100.0 100.0 100.0
Sep | 96.7 100.0 100.0 100.0 Sep |100.0 100.0 100.0 100.0
All 96.2 100.0 100.0 100.0 All 198.9 1000 100.0 100.0
10MFX at day 5
% min. % max. % mean
avail. good good % good
Apr | 929 100.0 100.0 100.0
1 |May|100.0 100.0 100.0 100.0
9 |Jun | 70.0 100.0 100.0 100.0
9 |Jul | 90.3 100.0 100.0 100.0
7 | Aug | 100.0 100.0 100.0 100.0
Sep | 93.3 100.0 100.0 100.0
All 91.0 100.0 100.0 100.0
Apr | 100.0 100.0 100.0 100.0
1 |May| 935 100.0 100.0 100.0
9 |Jun | 100.0 100.0 100.0 100.0
9 |Jul |100.0 100.0 100.0 100.0
8 |Aug | 935 100.0 100.0 100.0
Sep | 100.0 100.0 100.0 100.0
All 97.8 100.0 100.0 100.0




Appendix B - Gridding method
Monthly minimum, maximum and mean vaues of quality measures.

Units ME, MAE,RMSE: 2MT: °C

2MRH: %
1IOMFF: m/s
24HAT: mm

24HGLR: MJIn?

HR: %
HKSI: 1

38



2MT at 00 UTC

ME MAE RMSE HR2 HR1 HKSI

Apr -1.47 0.40 063 76.7 46.7 0.34

May -1.70 0.32 040 633 36.7 0.15

M Jun -2.13 0.61 080 633 200 011

[ Jul -3.20 0.69 082 26.7 100 -0.08

N Aug -2.97 0.76 1.00 333 10.0 0.00

Sep -1.52 0.37 055 733 233 0.21

All -2.16 0.66 088 56.7 272 0.21

Apr 0.94 147 1.84 100.0 90.0 0.78

1 May 0.82 1.70 203 100.0 96.7 0.81
9 M Jun 1.40 2.13 251 1000 76.7 0.69
9 A Jul 1.66 3.20 3.50 100.0 80.0 0.36
7 X Aug 2.15 3.04 344 933 679 0.65
Sep 150 1.52 1.98 100.0 90.0 0.88

All 1.18 2.18 263 972 76.1 0.67

Apr 0.33 0.85 113 896 688 0.59

M  May 0.15 0.80 1.03 911 720 0.54

E Jun 0.29 1.02 130 870 606 042

A Jul 045 1.35 162 784 442 0.20

N Aug 047 1.32 160 785 465 0.36

Sep 0.53 1.06 137 854 579 044

All 0.37 1.07 138 850 584 049

Apr -0.46 0.36 049 933 56.7 0.52

May -1.43 0.63 072 679 323 011

M Jun -1.13 0.63 081 ©66.7 26.7 0.03

[ Jul -1.11 0.44 057 806 194 0.10

N Aug -1.13 0.44 058 742 258 0.07

Sep -0.70 0.38 060 76.7 30.0 0.07

All -0.83 0.58 079 825 388 031

Apr 0.71 1.02 126 100.0 933 0.92

1 May 1.33 143 190 100.0 839 0.58
9 M Jun 151 151 171 96.7 833 0.63
9 A Jul 151 151 1.69 100.0 90.3 0.87
8 X Aug 150 1.50 1.70 100.0 935 0.76
Sep 156 1.56 177 100.0 933 0.74

All 124 1.30 151 978 842 0.68

Apr 0.16 0.59 077 982 827 0.72

M  May 0.46 0.99 126 874 600 0.39

E Jun 0.52 0.97 124 871 621 040

A Jul 0.61 0.90 112 909 638 044

N Aug 0.66 0.97 120 889 608 043

Sep 0.42 0.75 105 925 76.0 0.1

All 0.48 0.86 113 909 675 0.52
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2MT at 12 UTC

ME MAE RMSE HR2 HR1 HKSI
Apr | -0.83 032 048 77.8 444 029

May | -0.85 040 051 724 345 0.8

M Jun | -1.06 057 073 586 37.9 0.03

| Jul | -091 049 066 643 21.7 0.06

N Aug | -1.91 046 056 419 194 0.06

Sep | -1.08 035 044 793 379 0.14

All 094 055 072 709 445 0.37

Apr 138 1.38 184 1000 96.3 0.83

1 May | 1.68 1.74 232 1000 933 0.68
9 | M Jun | 131 174 216 1000 862 0.80
9 | A Ju 121 154  1.84 1000 89.3 0.73
7 | X Aug | 252 259 306 1000 935 0.82
Sep | 064 1.24 145 1000 964 0.85

All 112 1.41 195 99.4 874 0.73

Apr | -0.06 0.78 1.04 932 729 052

M May | -017 086 111 919 695 0.50

E Jun | -017 1.03 129 845 618 0.47

A Jul | 001 094 121 879 649 046

N Aug | -017 1.05 129 862 602 0.46

Sep | 001 065 082 970 782 058

All -0.10 0.88 1.17 90.1 67.9 0.6

Apr | 099 051 062 66.7 367 022

May | -1.36 054 070 500 323 0.05

M Jun | -113 063 081 667 267 0.03

| Jul | -1.16 039 059 767 484 035

N Aug | -094 041 052 871 484 0.29

Sep | -034 033 048 724 483 027

All -1.00 050 068 712 486 0.33

Apr 119 1.75 235 1000 90.0 0.83

1 May | 1.82 204 261 1000 903 0.74
9 | M Jun | 151 151 171 967 833 063
9 | A Ju 133 134 189 1000 935 0.77
8 | x Aug | 119 137 198 1000 935 0.90
Sep | 1.34 1.37 179 1000 967 0.82

All 132 1.46 199 995 90.7 0.75

Apr | -0.06 088 1.15 890 688 054

M May | -009 1.06 138 855 618 0.45

E Jun | 052 097 124 871 621 040

A Jul 000 072 095 949 766 058

N Aug | -004 075 096 954 734 050

Sep | 007 066 087 945 783 061

All 003 0.82 1.09 918 719 056
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2MRH at 00 UTC

ME MAE RMSE HR 10 HKSI
Apr | -7.23 256 3.79 133 -0.14

May | -4.84 159 207 26.7 -0.07

M Jun | -415 223 294 267 -0.04

| Jul | -423 163 229 300 -0.20

N Aug | -3.75 202 304 200 -0.08

Sep | 531 1.74 244 467 -0.12

All 412 197 297 272 -0.06

Apr | 1555 1555 16.68 100.0 0.53

1 May | 14.38 14.38 15.66 100.0 0.51
9 | M Jun | 14821482 16.47 1000 051
9 | A Ju | 17551755 19.88 1000 0.42
7 | X Aug | 16.77 1677 18.23 1000 0.54
Sep | 11.28 11.28 11.82 1000 0.5

Al | 1506 1506 1664 983 0.39

Apr | 067 534 680 851 022

M May | 008 432 533 904 0.8

E Jun | -012 400 524 909 0.30

A Jul | -001 392 490 927 0.12

N Aug | -007 425 535 913 017

Sep | -1.12 409 492 937 0.6

All 010 433 554 907 0.20

Apr | -417 078 110 800 -0.1

May | -6.38 200 279 250 00

M Jun | -585 208 252 286 0.0

| Jul | 603 134 163 500 -0.3

N Aug | -7.34 187 243 548 -03

Sep | -489 148 190 733 -03

All 534 183 251 525 -0.1

Apr | 561 561 683 1000 0.8

1 May | 14.85 14.85 1629 1000 0.4
9 | M Jdun | 1277 1277 1386 1000 06
9 | A Ju | 10661066 11.13 1000 05
g8 | X Aug | 999 999 1040 1000 0.4
Sep | 891 891 932 1000 04

Al | 1039 1039 11.62 1000 04

Apr | 095 285 358 973 0.3

M May | -1.32 457 562 908 0.2

E Jun | -122 425 523 920 0.2

A Ju | -153 375 431 959 0.1

N Aug | -1.89 415 473 944 00

Sep | -1.30 311 382 976 0.1

All 138 378 468 947 02
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2MRH at 12 UTC

ME MAE RMSE HR10 HKSI
Apr | -9.47 373 500 519 0.02

May |-1150 4.15 525 444 -0.01

M Jun | -991 426 591 517 -0.01

| Jul 825 421 560 536 -0.06

N Aug |-13.15 425 465 333 -0.09

Sep |-10.31 3.03 372 517 -0.10

Al 994 462 597 521 0.01

Apr 7.82 9.98 1484 963 054

1 May | 9.02 11.57 1350 96.7 0.36
9 | M dun 735 997 1196 90.0 0.39
9 | A dul 7.13 1041 1177 964 0.34
7 | X Aug | 11.49 1455 17.02 1000 0.35
Sep | 6.8710.76 1213 100.0 0.45

Al 6.83 10.57 1244 919 031

Apr 1.93 652 859 782 0.26

M May | 153 641 802 779 0.19

E Jun 080 6.81 862 739 0.18

A Jul 041 7.36 894 729 0.10

N Aug 1.01 821 996 69.6 0.10

Sep | 054 550 690 854 0.20

Al 1.03 681 871 763 0.18

Apr | -9.83 306 395 533 -0.1

May | -16.74 3.40 445 258 -0.1

M Jun | -5.85 208 252 286 00

| Jul |-11.39 290 421 387 0.0

N Aug |-1469 393 486 194 -0.1

Sep | 907 332 414 633 -01

Al |-12.48 390 559 399 0.0

Apr 494 1021 1235 96.7 06

1 May | 5.12 1691 1865 96.8 0.4
9 | M Jun | 12771277 1386 1000 06
9 | A dul 757 11.39 1282 968 0.5
8 | X Aug | 8081469 1595 935 04
Sep | 6.38 926 10.04 100.0 0.4

Al 5.67 12.60 1433 945 0.4

Apr | -054 495 653 876 0.2

M May | -024 639 7.83 821 0.2

E Jun | -1.22 425 523 920 0.2

A Jul 047 551 672 851 0.2

N Aug | 054 633 766 804 0.2

Sep | -047 533 678 862 02

Al 0.0l 569 7.18 840 0.2
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10MFF at 00 UTC

ME MAE RMSE HR4 HKSI

Apr -2.28 0.63 099 36.7 0.02

May -1.70 0.62 0.75 600 0.38

M Jun -1.77 0.56 069 552 0.25

[ Jul -1.78 0.52 065 533 0.00

N Aug -1.62 0.38 056 66.7 -0.10

Sep -2.82 0.66 0.83 333 0.17

All -1.93 0.59 0.84 56.7 0.28

Apr 234 235 274 96.7 0.90

1 May 159 1.77 2.17 100.0 0.95
9 M Jun 1.96 1.97 246 100.0 0.87
9 A Jul 1.88 1.88 221 100.0 0.95
7 X Aug 1.35 1.68 1.89 100.0 0.98
Sep 269 292 3.62 96.7 0.94

All 1.83 1.98 246 96.7 0.88

Apr 0.22 131 161 771 0.64

M  May 0.20 1.13 141 850 0.67

E Jun 0.15 1.20 151 801 0.58

A Jul 0.27 1.17 146 822 048

N Aug 0.17 0.94 114 904 0.55

Sep 0.35 1.48 184 739 061

All 0.23 1.20 153 814 0.63

Apr -1.61 0.55 0.72 333 0.1

May -2.06 0.57 0.73 54.8 0.2

M Jun -2.39 0.67 0.81 46.7 0.2

[ Jul -2.85 0.63 0.85 355 0.2

N Aug -3.49 0.55 071 258 -0.2

Sep -1.97 0.51 0.66 50.0 0.1

All -2.27 0.61 0.80 497 0.1

Apr 1.86 3.08 3.66 100.0 0.9

1 May 1.77 2.13 2.80 100.0 1.0
9 M Jun 2.36 2.58 3.18 100.0 0.9
9 A Jul 257 3.17 3.68 100.0 1.0
8 X Aug 293 352 3.90 100.0 0.7
Sep 1.76 2.30 4.27 100.0 0.9

All 208 244 3.04 989 0.8

Apr 0.30 1.15 141 851 0.6

M  May 0.21 1.18 145 831 0.6

E Jun 0.41 1.30 1.60 81.2 0.7

A Jul 0.52 1.50 1.80 74.7 0.6

N Aug 0.50 1.63 1.86 70.6 0.5

Sep 022 121 157 811 0.7

All 035 1.32 165 794 0.6
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10MFF at 12 UTC

ME MAE RMSE HR4 HKSI

Apr -2.09 0.76 095 519 0.16

May -1.77 0.71 0.86 56.7 0.17

M Jun -1.79 0.65 080 414 0.04

[ Jul -1.44 0.65 086 64.3 0.15

N Aug -1.24 0.65 0.83 80.6 0.27

Sep -1.77 0.89 106 414 031

All -1.65 0.78 1.02 58.0 0.28

Apr 205 220 278 963 0.73

1 May 1.67 181 2.17 100.0 0.72
9 M Jun 1.83 1.89 2.14 100.0 0.89
9 A Jul 148 1.71 2,05 100.0 o0.81
7 X Aug 1.08 1.29 1.67 100.0 0.80
Sep 245 249 299 100.0 0.70

All 1.75 1.83 220 971 0.68

Apr -0.04 131 168 786 0.52

M  May -0.04 1.15 144 830 051

E Jun -0.04 1.10 137 843 052

A Jul -0.03 1.02 130 86.8 049

N Aug -0.10 0.91 116 908 0.53

Sep -0.08 1.36 173 768 0.53

All -0.06 1.14 148 835 0.52

Apr -1.29 0.56 0.76 412 0.2

May -2.22 0.64 0.84 419 0.0

M Jun -2.39 0.67 0.81 46.7 0.2

[ Jul -1.98 0.68 090 290 -0.2

N Aug -2.22 0.58 0.68 323 0.0

Sep -2.10 0.54 0.69 50.0 0.2

All -1.91 0.69 0.89 53.0 0.2

Apr 270 3.60 4.50 100.0 0.9

1 May 159 2.29 2.60 100.0 0.7
9 M Jun 2.36 2.58 3.18 100.0 0.9
9 A Jul 277 2.79 3.20 96.8 0.6
8 X Aug 2.67 2.67 2.89 100.0 0.8
Sep 1.88 2.19 2.61 100.0 0.9

All 2.04 2.09 243 984 0.7

Apr 0.16 1.12 142 86.5 0.5

M  May -0.25 1.13 142 822 0.5

E Jun 0.41 1.30 1.60 81.2 0.7

A Jul 0.07 1.32 165 773 0.4

N Aug 0.00 1.32 157 76.9 0.5

Sep -0.02 1.08 135 850 0.6

All -0.03 1.18 151 8138 0.5




24HAT at 06 UTC

ME MAE RMSE HR HKSI
Apr | -068 0.15 034 06 0.40

May | 090 049 081 05 0.8

M Jun | -0.80 037 076 06 0.34

| Jul 2.07 054 1.07 05 0.09

N Aug | -146 052 132 07 038

Sep | -199 030 061 06 043

Al 096 072 171 06 047

Apr 071 1.16 230 1.0 1.00

1 May | 138 313 744 08 0.72
9 | M dun 1.09 270 533 08 0.71
9 | A dul 089 299 877 09 071
7 | X Aug | 056 258 929 09 0093
Sep | 041 200 625 09 088

Al 027 1.80 512 08 067

Apr | -0.15 059 122 08 0.68

M May | -0.09 1.08 220 06 0.53

E Jun | -005 126 272 07 051

A Jul 035 131 330 06 041

N Aug | -0.19 1.00 329 0.8 064

Sep | 010 074 169 08 066

Al 015 1.04 290 0.7 0.56

Apr | -0.79 065 117 06 0.42

May | 060 029 075 06 0.35

M Jun | -164 082 155 04 0.26

| Jul 226 081 131 04 024

N Aug | -211 058 095 0.3 007

Sep | -082 058 097 04 022

Al -0.88 086 168 05 0.39

Apr 048 208 6.1 09 082

1 May | 066 1.22 295 09 074
9 | M Jun 1.06 249 729 08 0.72
9 | A dul 1.02 329 878 07 055
8 | X Aug | 082 244 775 07 066
Sep | 116 227 760 08 081

Al 040 166 470 07 064

Apr | -027 112 219 0.7 0.59

M May | 002 060 136 07 0.57

E Jun | -0.07 156 351 06 045

A Jul 0.03 162 339 06 042

N Aug | -0.12 1.07 210 0.6 0.0

Sep | 020 132 308 06 052

Al 0.05 121 296 06 0.50
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24HGLR at 06 UTC

ME MAE RMSE HR2 HR1 HKSI

Apr 1.40 2.78 348 931 759 0.63

May 1.40 2.90 3.78 968 645 0.61

M Jun 277 474 1248 833 50.0 047

[ Jul 426 5.18 6.44 86.7 56.7 0.57

N Aug 258 4.22 585 89.3 66.7 0.67
Sep 3.09 3.75 724 926 68.0 0.62

All 240 3.33 479 80.0 523 047

Apr -1.25 0.75 099 414 276 0.21

1 May -1.02 0.94 136 452 258 0.10
9 M Jun -2.86 1.38 177 381 190 0.01
9 A Jul -3.60 1.14 144 16.7 10.0 -0.04
8 X Aug -2.54 1.00 126 16.7 6.7 -0.02
Sep -0.75 0.95 126 370 185 0.21

All -1.58 1.27 162 364 233 0.16

Apr 0.02 1.36 178 76.0 518 041

M  May 0.05 1.55 209 746 457 037

E Jun 0.04 224 330 592 341 0.26

A Jul 047 219 281 617 349 0.28

N Aug 0.04 1.74 246 710 46.0 0.37
Sep 0.46 1.55 224 747 506 042

All 0.18 1.76 260 69.7 440 0.37
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Appendix C - Forecast quality
Monthly minimum, maximum and mean values of quality measures for days 0, 3 and 5.

Units. ME, MAE,RMSE: 2MTX,2MTN: °C

24HAT: mm
HR: %
HKSI: 1
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2MTX at day O

ME MAE RMSE HR2 HR 4 SSCLI SSPER HKSI

Apr -2.28 1.28 1.61 429 71.4 -0.16 -0.51 -0.06

May -2.77  1.37 1.62 23.3 73.3 -0.14 -0.24 -0.04

M Jun -247 115 1.46 34.6 73.1 -0.19 -0.28 -0.10

[ Jul -254  0.96 1.16 28.6 78.6 -0.71 -0.65 -0.14

N Aug -2.16 1.27 155 323 80.6 -0.21 -0.65 -0.04

Sep -1.96 0.95 119 51.7 82.8 -0.21 -0.52 0.10

All -201 1.29 1.62 443 83.5 -0.09 -0.26 0.10

Apr 118 248 3.30 85.7 100.0 0.44 0.25 0.60

1 May 1.06 2.86 3.39 80.0 100.0 0.54 0.50 0.52
9 M Jun 040 279 3.46 88.5 100.0 0.50 0.43 0.45
9 A Jul -0.21  2.76 3.34 929 100.0 0.48 0.48 0.45
7 X Aug 113 252 2.98 80.6 100.0 0.49 0.27 0.38
Sep 0.82 2.06 247 93.1 100.0 0.58 0.52 0.58

All 0.17 243 297 79.7 98.7 0.46 0.35 0.44

Apr -0.69 1.73 2.13 66.7 93.6 0.19 0.04 0.27

M May -0.95 1.93 230 574 92.3 0.32 0.17 0.19

E Jun -0.97 1.88 2.28 60.6 91.3 0.22 0.15 0.21

A Jul -1.40 1.79 2.11 63.1 94.8 -0.02 -0.08 0.09

N Aug -0.92 1.89 2.24 56.7 93.5 0.24 -0.11 0.18

Sep -0.61 1.32 1.71 78.6 96.7 0.37 0.18 0.38

All -0.90 1.74 2.15 64.2 93.9 0.25 0.09 0.29

Apr -1.60 1.38 1.67 40.0 90.0 0.07 -0.03 -0.01

May -251 1.50 1.88 40.0 70.0 -0.06 -0.42 -0.04

M Jun -2.68 1.09 1.38 20.0 83.3 -1.28 -1.24 -0.16

[ Jul -291 111 131 194 87.1 -0.78 -0.48 -0.09

N Aug -3.40 1.05 151 6.7 86.7 -1.29 -1.24 -0.20

Sep -1.84 1.04 1.18 53.3 90.0 -0.28 -1.08 -0.06

All -2.35 1.28 1.63 359 89.0 -0.40 -0.53 0.03

Apr -0.01  2.20 254 733 100.0 0.52 0.35 0.34

1 May -0.45 2.70 3.15 733 100.0 0.42 0.21 0.27
9 M Jun -0.64 271 3.01 83.3 100.0 0.46 0.54 0.34
9 A Jul -046 2091 3.04 90.3 100.0 0.47 0.51 0.43
8 X Aug -0.93 3.40 3.48 83.3 100.0 0.38 0.30 0.44
Sep 017 191 230 96.7 100.0 0.45 0.31 0.59

All -0.54 247 277 80.7 98.9 0.41 0.34 0.34

Apr -0.73 1.82 2.14 59.0 95.8 0.33 0.15 0.17

M May -1.54 1.98 2.36 54.7 90.6 0.25 0.01 0.12

E Jun -1.60 1.85 2.16 58.0 94.4 -0.04 0.05 0.09

A Jul -1.55 1.82 2.13 57.2 95.9 0.07 0.13 0.08

N Aug -1.94  2.02 229 511 95.6 -0.21 -0.30 0.04

Sep -0.86 1.37 166 75.1 98.4 0.23 -0.16 0.20

All -1.35 1381 2.15 58.8 95.2 0.15 0.02 0.17
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2MTX at day 3

ME MAE RMSE HR2 HRA4 SSCLI SSPER HKSI

Apr -3.65 1.16 1.44 273 63.6 -0.71 -0.18 -0.11

May -3.37  1.72 2.19 26.7 56.7 -0.24 0.17 -0.14

M Jun -2.75 149 1.85 333 59.3 -0.24 0.01 -0.17

[ Jul -2.71 1.09 1.39 250 57.1 -0.83 -0.40 -0.10

N Aug -2.62 1.78 2.37 233 60.0 -0.54 -0.34 -0.13

Sep -1.66 1.15 152 58.6 86.2 -0.03 -0.09 0.07

All -2.29 159 2.10 40.0 65.2 -0.26 -0.02 0.11

Apr 1.04 3.65 465 81.8 100.0 0.50 0.60 0.38

1 May 097 371 441 733 93.3 0.42 0.56 0.26
9 M Jun 0.19 352 440 741 100.0 0.29 0.45 0.30
9 A Jul -0.10 3.28 3.84 85.7 100.0 0.19 0.47 0.42
7 X Aug 0.89 341 3.90 63.3 96.7 0.29 0.39 0.23
Sep 0.66 1.92 241 86.2 100.0 0.50 0.46 0.49

All 0.01 3.07 3.81 68.8 94.8 0.22 0.38 0.32

Apr -141 2.20 2.88 58.6 83.9 -0.04 0.26 0.15

M May -1.06 240 297 495 82.1 0.15 0.41 0.10

E Jun -1.25  2.39 3.00 52.9 80.1 0.02 0.26 0.11

A Jul -1.41  2.09 2.56 56.7 85.9 -0.18 0.15 0.10

N Aug -1.20 2.67 3.16 40.5 76.8 -0.07 0.04 0.02

Sep -0.27 152 199 711 94.6 0.29 0.26 0.31

All -1.02  2.20 279 5438 84.3 0.06 0.26 0.22

Apr -1.78 1.86 2.38 46.7 80.0 0.05 0.09 0.00

May -3.21 162 2.29 30.0 63.3 -0.36 0.25 -0.08

M Jun -3.21  1.39 1.81 233 70.0 -1.33 -1.39 -0.19

[ Jul -401 1.64 202 9.7 54.8 -1.46 -0.66 -0.18

N Aug -4.08 1.53 2.04 133 40.0 -1.76 -1.29 -0.17

Sep -2.65 142 2.01 433 80.0 -0.59 -0.38 -0.16

All -3.02 1.79 231 293 68.5 -0.79 -0.36 -0.01

Apr 0.38 2.38 3.07 70.0 90.0 0.36 0.45 0.37

1 May -1.24 3.38 4.27 73.3 93.3 0.34 0.66 0.24
9 M Jun -0.66 3.36 3.62 76.7 100.0 0.10 0.32 0.22
9 A Jul -1.15 4.01 430 71.0 96.8 0.30 0.43 0.10
8 X Aug -0.96 4.08 433 73.3 100.0 0.28 0.41 0.24
Sep -0.05 2.65 3.22 80.0 96.7 0.23 0.36 0.42

All -0.81 3.15 3.60 66.9 91.7 0.27 0.40 0.22

Apr -0.71 211 2.68 57.3 86.0 0.22 0.29 0.14

M May -212 244 3.05 49.7 82.0 0.08 0.46 0.06

E Jun -1.73 2.32 276 49.6 85.3 -0.30 -0.02 0.01

A Jul -2.24 240 2.86 46.0 82.8 -0.22 0.11 -0.02

N Aug -2.20 235 277 46.9 84.9 -0.42 -0.15 -0.01

Sep -1.33 1.84 239 63.1 90.2 -0.04 0.11 0.12

All -1.69  2.24 278 52.3 85.1 -0.05 0.20 0.11
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2MTX at day 5

ME MAE RMSE HR2 HRA4 SSCLI SSPER HKSI

Apr -4.15 1.23 159 111 44 .4 -0.90 -0.02 -0.19

May -3.45 242 3.20 23.3 53.3 -0.50 0.07 -0.21

M Jun -3.77 2.08 272 20.0 52.0 -0.80 -0.13 -0.08

[ Jul -3.20 1.23 154 259 55.6 -1.17 -0.29 -0.10

N Aug -259 224 2.78 10.7 32.1 -0.76 -0.36 -0.13

Sep -1.26 1.25 158 46.4 82.1 -0.19 0.08 -0.02

All -2.37 2.08 275 320 59.9 -0.51 -0.03 0.07

Apr -0.06 4.18 5.14 88.9 100.0 0.45 0.64 0.26

1 May 0.76 4.01 4.55 53.3 83.3 0.10 0.45 0.13
9 M Jun -0.48 4.76 6.19 60.0 84.0 -0.17 0.27 0.25
9 A Jul 0.04 3.37 416 85.2 100.0 0.03 0.43 0.25
7 X Aug 094 4.65 5.03 57.1 82.1 0.04 0.34 0.22
Sep 171 246 3.22 78.6 100.0 0.41 0.54 0.41

All -0.07 3.62 455 575 86.4 -0.04 0.32 0.25

Apr -2.03 261 3.14 46.5 78.6 -0.24 0.33 0.04

M  May -1.44  3.10 3.75 35.6 69.3 -0.10 0.31 -0.02

E Jun -2.07 343 444 413 66.0 -0.41 0.09 0.07

A Jul -1.72 222 275 553 82.1 -0.25 0.25 0.08

N Aug -1.16  3.38 3.98 30.3 62.6 -0.34 -0.01 0.01

Sep 0.53 1.80 2.28 63.8 91.7 0.16 0.30 0.19

All -1.16 2.75 3.51 456 75.0 -0.18 0.21 0.16

Apr -2.27  1.67 2.13 46.7 80.0 -0.21 -0.12 -0.10

May -3.56 2.30 2.68 30.0 63.3 -0.46 0.04 -0.15

M Jun -259 1.53 1.95 233 70.0 -1.04 -0.22 -0.12

[ Jul -3.44 1.66 193 9.7 54.8 -1.11 -0.31 -0.14

N Aug -4.15  2.26 2.89 133 40.0 -1.73 -1.20 -0.22

Sep -2.44 183 2.11 433 80.0 -0.76 -0.48 -0.13

All -281 2.16 2.67 293 68.5 -0.69 -0.28 -0.01

Apr 0.23 3.20 3.92 70.0 90.0 0.39 0.46 0.26

1 May -1.26  4.18 5.11 733 93.3 0.12 0.47 0.19
9 M Jun 030 294 3.62 76.7 100.0 0.04 0.30 0.23
9 A Jul -0.90 344 3.89 71.0 96.8 0.21 0.46 0.20
8 X Aug -1.17 4.16 4.67 73.3 100.0 -0.18 0.18 0.07
Sep -0.05 2.67 3.25 80.0 96.7 0.04 0.16 0.12

All -0.64 3.15 3.75 66.9 91.7 0.07 0.32 0.14

Apr -1.03  2.39 297 573 86.0 0.13 0.14 0.05

M May -2.38 3.05 3.62 49.7 82.0 -0.15 0.30 -0.02

E Jun -1.05 2.30 279 49.6 85.3 -0.27 0.13 0.05

A Jul -2.09 240 291 46.0 82.8 -0.22 0.20 0.01

N Aug -247 297 3.53 46.9 84.9 -0.77 -0.32 -0.06

Sep -1.28  2.17 260 63.1 90.2 -0.22 -0.09 -0.01

All -1.70  2.57 3.14 523 85.1 -0.19 0.11 0.06
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2MTN at day O

ME MAE RMSE HR2 HRA4 SSCLI SSPER HKSI

Apr -0.17 0.82 1.00 429 78.6 0.05 -0.24 0.02

May -0.39 1.05 1.46 40.0 80.0 -0.04 -0.10 -0.02

M Jun -0.73 1.30 1.62 50.0 73.1 -0.02 -0.01 0.00

[ Jul -1.00 1.17 142 429 67.9 -0.65 -0.45 -0.07

N Aug -1.71  1.06 121 355 58.1 -0.50 -0.31 -0.07

Sep 0.27 1.32 1.76 345 65.5 -0.12 -0.33 0.04

All -0.66 131 1.66 45.6 73.4 -0.05 -0.08 0.16

Apr 234 244 3.23 100.0 100.0 0.63 0.61 0.58

1 May 253 283 3.44 83.3 100.0 0.40 0.38 0.45
9 M Jun 1.88 2.60 3.51 846 100.0 0.34 0.44 0.36
9 A Jul 264 281 3.63 82.1 100.0 0.24 0.45 0.35
7 X Aug 3.10 324 3.81 93.5 100.0 0.34 0.37 0.36
Sep 3.17 3.39 401 75.9 100.0 0.49 0.46 0.46

All 255 281 3.55 79.7 98.1 0.34 0.40 0.42

Apr 0.80 153 1.95 70.7 94.7 0.37 0.38 0.29

M  May 095 159 2.05 68.9 93.3 0.18 0.20 0.26

E Jun 061 1.85 242 65.5 90.3 0.18 0.24 0.16

A Jul 112 1.79 223 643 91.3 -0.08 0.01 0.11

N Aug 090 1.85 223 64.5 89.5 0.01 0.02 0.13

Sep 150 1.95 246 62.2 87.8 0.30 0.19 0.23

All 1.01 179 2.28 65.2 90.7 0.18 0.17 0.28

Apr 0.08 1.08 1.41 533 86.7 0.26 -0.64 0.11

May -0.23  0.90 1.19 63.3 83.3 0.18 -0.33 0.11

M Jun -0.88 1.24 1.47 60.0 86.7 -0.11 -0.01 0.05

[ Jul -1.26 0.88 1.10 67.7 93.5 0.07 0.01 0.06

N Aug -1.25 1.10 1.35 63.3 93.3 -0.19 -0.32 -0.06

Sep -1.44  0.97 1.23 53.3 93.3 -0.06 -0.18 -0.08

All -0.48 1.13 1.46 65.2 89.5 0.15 -0.01 0.21

Apr 163 184 230 83.3 100.0 0.52 0.31 0.42

1 May 176 2.05 2.63 933 100.0 0.57 0.43 0.55
9 M Jun 116 1.79 2.38 90.0 100.0 0.34 0.49 0.39
9 A Jul 111 159 2.17 96.8 100.0 0.45 0.52 0.50
8 X Aug 137 171 2.37 90.0 100.0 0.42 0.43 0.38
Sep 079 193 2.22 90.0 100.0 0.52 0.36 0.48

All 112 174 234 85.6 100.0 0.40 0.35 0.41

Apr 0.66 1.46 1.84 721 96.5 0.39 0.03 0.26

M May 037 131 1.67 79.9 97.1 0.35 0.25 0.33

E Jun -0.05 143 1.80 75.0 96.4 0.15 0.30 0.18

A Jul -0.18 1.15 1.45 86.9 98.4 0.23 0.32 0.22

N Aug -0.37 1.36 1.68 77.8 98.7 0.23 0.20 0.19

Sep -041 1.32 1.66 78.0 97.8 0.28 0.15 0.24

All 001 134 1.70 78.1 97.6 0.30 0.22 0.29
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2MTN at day 3

ME MAE RMSE HR2 HRA4 SSCLI SSPER HKSI

Apr -0.16  0.83 1.04 36.4 72.7 0.08 0.25 -0.13

May -1.21  1.37 1.71 46.7 73.3 -0.20 0.17 -0.04

M Jun -1.62  1.34 1.78 40.7 81.5 -0.08 0.27 0.00

[ Jul -1.09 0.98 1.21 393 60.7 -0.47 -0.24 -0.16

N Aug -2.31 1.17 1.46 36.7 70.0 -0.38 -0.22 -0.10

Sep 125 1.67 2.15 345 58.6 -0.26 -0.16 -0.06

All -0.92 1.56 1.98 4538 73.5 -0.08 0.18 0.09

Apr 239 2.80 3.47 90.9 100.0 0.56 0.64 0.44

1 May 174 284 3.63 76.7 100.0 0.15 0.41 0.28
9 M Jun 1.09 242 3.27 741 96.3 0.42 0.54 0.31
9 A Jul 279 3.06 3.74 89.3 100.0 0.27 0.50 0.31
7 X Aug 263 2.86 3.38 80.0 100.0 0.19 0.39 0.25
Sep 354 3.79 4.74 69.0 96.6 0.36 0.22 0.29

All 228 2.88 3.71 69.7 94.8 0.17 0.36 0.31

Apr 064 164 1.98 68.4 94.4 0.33 0.49 0.15

M  May 0.24 193 245 60.5 89.1 0.01 0.32 0.08

E Jun -0.16 1.89 241 60.0 91.0 0.15 0.42 0.13

A Jul 1.01 1.89 230 62.1 91.1 -0.13 0.11 0.03

N Aug 039 195 2.36 55.8 89.5 -0.06 0.19 0.09

Sep 228 258 3.19 484 77.1 0.07 -0.01 0.11

All 0.75 2.03 256 57.7 87.7 0.06 0.25 0.20

Apr -0.24 1.10 1.33 46.7 80.0 0.03 0.14 -0.04

May -0.88 1.10 1.37 46.7 76.7 -0.07 0.20 -0.04

M Jun -1.49 1.00 1.37 50.0 86.7 -0.41 0.02 -0.07

[ Jul -1.69 1.03 124 516 90.3 -0.53 -0.17 -0.09

N Aug -1.70  1.29 159 46.7 83.3 -0.40 -0.27 -0.03

Sep -1.33  1.20 1.44 333 73.3 -0.28 0.02 -0.14

All -1.14  1.32 1.68 53.0 85.6 -0.15 0.09 0.08

Apr 1.00 2.39 2.88 90.0 100.0 0.49 0.48 0.44

1 May 123 252 3.04 833 100.0 0.25 0.51 0.46
9 M Jun 059 2.09 2.80 86.7 100.0 0.24 0.46 0.42
9 A Jul -0.07 1.84 2.20 93.5 100.0 0.30 0.57 0.28
8 X Aug 036 2.23 2.73 80.0 100.0 0.18 0.44 0.19
Sep 0.07 2.70 3.13 90.0 100.0 0.17 0.40 0.22

All 045 212 271 779 98.9 0.19 0.37 0.30

Apr 032 1.68 206 67.1 94.4 0.30 0.35 0.17

M May 0.01 1.88 2.30 60.2 91.7 0.09 0.34 0.13

E Jun -0.22  1.66 2.10 67.0 94.4 0.02 0.34 0.11

A Jul -0.70 1.38 1.70 76.0 97.5 0.05 0.35 0.11

N Aug -0.86 1.84 2.23 58.2 94.2 -0.03 0.12 0.06

Sep -0.59 1.90 2.28 59.1 93.1 -0.01 0.24 0.04

All -0.31 1.72 2.14 64.7 94.2 0.10 0.30 0.18
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2MTN at day 5

ME MAE RMSE HR2 HRA4 SSCLI SSPER HKSI

Apr -1.71  1.01 117 111 77.8 -0.21 -0.07 -0.33

May -1.37  1.30 1.72 433 76.7 -0.22 0.19 -0.12

M Jun -1.92 1.64 2.02 40.0 68.0 -0.19 -0.07 -0.07

[ Jul -1.68 0.88 1.18 33.3 70.4 -0.59 -0.11 -0.17

N Aug -2.30 1.26 1.69 321 60.7 -0.72 -0.44 -0.15

Sep 161 218 2.67 25.0 53.6 -0.50 -0.32 -0.11

All -1.12 171 2.19 40.8 70.1 -0.23 0.03 0.08

Apr 1.01 3.02 3.44 88.9 100.0 0.48 0.62 0.29

1 May 158 260 3.29 86.7 100.0 0.19 0.50 0.38
9 M Jun 072 2.78 3.75 76.0 96.0 0.08 0.32 0.29
9 A Jul 229 2.89 3.79 85.2 100.0 0.17 0.39 0.46
7 X Aug 236 319 3.65 78.6 96.4 0.25 0.47 0.19
Sep 390 423 5.03 46.4 89.3 0.08 0.12 0.11

All 198 293 3.75 68.7 92.5 0.06 0.27 0.28

Apr -0.79  1.99 229 516 94.2 0.18 0.33 0.04

M  May 0.03 1.89 2.33 60.2 91.8 0.02 0.38 0.06

E Jun -0.53 2.30 291 53.8 82.3 -0.02 0.15 0.11

A Jul 052 201 247 59.5 89.1 -0.21 0.10 0.02

N Aug 0.17 210 258 549 85.5 -0.15 0.19 0.05

Sep 277 321 3.89 36.7 68.7 -0.16 -0.05 0.00

All 053 229 2.89 529 84.0 -0.06 0.18 0.16

Apr -0.93 1.83 2.16 46.7 80.0 0.00 0.01 -0.09

May -1.27  1.18 1.44 46.7 76.7 -0.22 0.15 -0.13

M Jun -1.32 149 1.79 50.0 86.7 -0.48 -0.06 -0.15

[ Jul -2.19 1.22 1.63 51.6 90.3 -0.89 -0.36 -0.16

N Aug -1.82 1.34 1.73 46.7 83.3 -0.69 -0.35 -0.16

Sep -1.65 0.95 1.20 33.3 73.3 -0.29 0.23 -0.12

All -1.32 148 1.81 53.0 85.6 -0.22 0.12 0.08

Apr 0.83 255 3.04 90.0 100.0 0.19 0.32 0.14

1 May 0.79 2.65 3.04 833 100.0 0.31 0.51 0.39
9 M Jun 0.74 235 3.08 86.7 100.0 0.09 0.38 0.35
9 A Jul -0.44  2.27 253 935 100.0 0.24 0.46 0.27
8 X Aug 0.00 244 2.86 80.0 100.0 0.12 0.30 0.16
Sep -0.19 244 2.89 90.0 100.0 0.32 0.58 0.30

All 024 223 275 779 98.9 0.11 0.35 0.25

Apr -0.08 2.17 260 67.1 94.4 0.10 0.21 0.04

M May -0.24  2.02 2.39 60.2 91.7 0.01 0.31 0.04

E Jun -0.19 1.86 230 67.0 94.4 -0.10 0.17 0.06

A Jul -1.14  1.64 2.00 76.0 97.5 -0.13 0.17 0.09

N Aug -1.02 1.98 2.39 58.2 94.2 -0.11 0.03 0.03

Sep -0.81 1.72 2.08 59.1 93.1 0.09 0.45 0.09

All -056 1091 2.33 64.7 94.2 0.00 0.25 0.14
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24HAT at day O

ME MAE RMSE HR SSCLI SS PER HKSI

Apr -1.26 0.51 0.95 429 -0.07 0.29 0.15

May -0.89 1.29 255 333 0.01 0.14 0.12

M Jun -0.72  0.89 2.89 433 -0.63 -0.67 0.19

[ Jul -2.39 0.82 1.63 41.9 -0.20 -0.53 0.13

N Aug -1.24  0.53 155 58.1 -0.13 -0.28 -0.11

Sep -2.83 0.98 1.70 23.3 -2.90 -2.42 0.01

All -1.00 1.40 3.12 476 0.04 0.11 0.29

Apr 085 151 3.08 85.7 0.66 0.77 0.82

1 May 112 2.87 5.22 60.0 0.52 0.61 0.53
9 M Jun 279 377 8.09 66.7 0.41 0.47 0.50
9 A Jul 116 3.52 9.96 71.0 0.47 0.49 0.43
7 X Aug 086 335 1074 774 0.69 0.71 0.60
Sep 251 3.72 8.50 56.7 0.43 0.40 0.39

All 0.86 225 6.13 58.4 0.31 0.40 0.42

Apr -0.21  0.92 1.85 64.3 0.47 0.61 0.49

M  May 030 1.98 3.80 52.3 0.29 0.41 0.38

E Jun 0.62 227 476 54.6 0.09 0.04 0.35

A Jul -0.32 212 476 56.9 0.18 0.13 0.31

N Aug -0.09 1.69 4.68 65.0 0.30 0.36 0.39

Sep 071 1.83 3.51 425 -0.42 -0.42 0.24

All 0.20 1.89 445 54.9 0.21 0.27 0.36

Apr -0.26  1.29 1.80 23.3 -0.99 -0.47 0.04

May -0.56 0.57 1.07 38.7 -1.68 -1.46 0.00

M Jun -1.20 1.53 2.73 30.0 -0.14 -1.22 0.13

[ Jul -1.75  1.65 265 226 -0.22 -0.09 -0.03

N Aug -1.05 1.37 231 16.1 -0.57 -0.62 -0.06

Sep -0.97 1.17 246 174 -0.17 -0.34 0.01

All 005 161 2.83 35.2 0.01 0.04 0.16

Apr 273 3.80 6.82 46.7 0.43 0.53 0.29

1 May 162 227 4.63 67.7 0.44 0.48 0.52
9 M Jun 190 3.69 8.14 56.7 0.55 0.58 0.43
9 A Jul 1.05 4.22 9.26 54.8 0.52 0.57 0.40
8 X Aug 193 299 6.91 484 0.50 0.53 0.33
Sep 119 392 8.83 46.4 0.58 0.47 0.40

All 129 262 5.38 445 0.31 0.42 0.29

Apr 1.38 257 3.87 35.5 0.06 0.23 0.18

M May 029 129 252 5438 -0.13 -0.05 0.26

E Jun 0.80 2.60 469 481 0.15 0.13 0.32

A Jul 0.13 241 423 351 0.17 0.33 0.15

N Aug 0.60 2.00 3.55 36.7 0.07 0.12 0.19

Sep 056 1.98 4.04 345 0.21 0.13 0.21

All 063 214 4.04 40.9 0.16 0.23 0.23




24HAT at day 3

ME MAE RMSE HR SSCLI SS PER HKSI

Apr -1.06 1.04 156 18.2 -0.86 -1.61 -0.07

May -0.42 2.03 3.56 23.3 -0.53 -0.14 -0.07

M Jun 005 221 3.59 30.0 -1.89 -1.42 -0.02

[ Jul -2.30 1.01 229 414 -0.76 -0.20 -0.02

N Aug -1.53 1.38 297 45.2 -1.18 -0.42 -0.13

Sep -2.08 1.25 2.18 20.0 -5.49 -2.04 -0.09

All -0.24 201 4.23 385 -0.27 -0.06 0.09

Apr 190 4.58 6.61 72.7 0.19 0.52 0.68

1 May 206 415 6.87 50.0 0.31 0.52 0.34
9 M Jun 3.00 434 7.39 56.7 0.18 0.13 0.45
9 A Jul 1.03 397 10.08 75.9 0.49 0.52 0.52
7 X Aug 128 347 1210 71.0 0.47 0.44 0.61
Sep 459 5.66 9.96 56.7 0.38 0.48 0.40

All 1.08 3.07 7.67 52.8 0.06 0.22 0.29

Apr 020 254 4.13 39.3 -0.42 -0.17 0.26

M  May 0.83 299 5.33 36.7 -0.09 0.19 0.13

E Jun 135 3.09 5.30 439 -0.27 -0.22 0.24

A Jul -0.78  2.17 494 54.8 0.14 0.27 0.23

N Aug -0.02 231 6.01 58.4 0.01 0.11 0.22

Sep 161 263 546 34.6 -1.11 -0.39 0.14

All 057 2.64 5.63 45.0 -0.11 0.09 0.21

Apr 0.33 247 4.23 16.7 -1.31 -0.87 -0.06

May -0.70  0.80 1.84 30.0 -2.02 -0.71 -0.19

M Jun -1.80 2.50 4.05 20.0 -0.62 -0.49 -0.07

[ Jul -0.65 292 459 194 -1.01 -0.42 -0.05

N Aug -1.75 1.75 3.67 28.6 -0.57 -0.16 -0.02

Sep 1.02 349 549 6.9 -3.42 -3.44 -0.14

All 030 284 480 25.6 -0.63 -0.24 0.03

Apr 262 439 6.95 46.7 0.25 0.39 0.30

1 May 141 214 5.31 70.0 0.37 0.50 0.56
9 M Jun 129 496 9.72 50.0 0.14 0.32 0.28
9 A Jul 301 6.03 11.20 323 0.09 0.27 0.18
8 X Aug 152 397 9.50 46.7 0.21 0.53 0.26
Sep 417 6.80 11.89 393 -0.11 -0.01 0.30

All 170 3.74 7.15 39.1 -0.08 0.14 0.19

Apr 151 353 549 30.8 -0.29 -0.10 0.10

M May 0.19 138 2.83 51.7 -0.25 0.13 0.20

E Jun -0.09 351 6.04 32.3 -0.15 -0.05 0.06

A Jul 149 410 6.67 24.7 -0.44 -0.07 0.05

N Aug 005 251 5.16 35.9 -0.12 0.25 0.12

Sep 285 434 7.60 20.1 -0.86 -0.76 0.05

All 099 322 595 326 -0.28 -0.03 0.11
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24HAT at day 5

ME MAE RMSE HR SSCLI SS PER HKSI

Apr -2.89 1.05 155 111 -1.00 0.05 -0.15

May -1.38 1.68 3.07 20.0 -0.49 -0.33 -0.13

M Jun -1.22  1.05 1.74 345 -0.53 -0.69 -0.05

[ Jul -2.88 0.74 159 27.6 -0.42 -0.24 -0.08

N Aug -0.44 219 5.26 30.0 -1.35 -0.58 -0.18

Sep -2.84 0.93 150 23.3 -4.54 -0.51 -0.13

All -1.01  2.04 455 32.7 -0.44 -0.12 0.04

Apr -0.32 451 7.26 444 -0.05 0.50 0.29

1 May 041 3.65 5.95 53.3 0.33 0.37 0.38
9 M Jun 199 4.06 7.62 58.6 0.22 0.19 0.34
9 A Jul 050 6.77 1122 724 0.32 0.54 0.44
7 X Aug 221 482 1365 70.0 0.27 0.23 0.56
Sep 394 584 9.69 63.3 0.32 0.53 0.51

All 0.81 3.48 7.39 52.2 0.06 0.30 0.23

Apr -1.34 257 4.17 247 -0.45 0.34 0.03

M  May -047 274 473 34.6 0.01 -0.07 0.05

E Jun 0.20 2.82 5.24 445 -0.10 -0.22 0.18

A Jul -1.01 251 5.39 46.8 0.07 0.24 0.08

N Aug 0.80 3.01 7.14 479 -0.30 -0.02 0.10

Sep 0.98 237 425 427 -0.81 0.17 0.23

All 0.02 2.68 5.62 42.0 -0.13 0.09 0.13

Apr -0.81 2.16 3.40 16.7 -0.87 -0.33 -0.24

May -0.35 0.65 1.05 30.0 -1.09 -0.47 -0.22

M Jun -212 2.01 3.62 20.0 -0.41 -0.34 -0.15

[ Jul -0.08 3.44 550 194 -1.35 -0.53 -0.12

N Aug -1.11 290 444 28.6 -1.48 -0.74 -0.23

Sep 125 279 396 6.9 -2.63 -2.04 -0.09

All 0.04 2.86 5.01 25.6 -0.74 -0.34 -0.03

Apr 139 460 7.66 46.7 0.16 0.36 0.17

1 May 118 2.62 5.12 70.0 0.50 0.35 0.40
9 M Jun 053 4.67 10.33 50.0 0.19 0.20 0.26
9 A Jul 268 739 1197 323 0.00 0.25 0.14
8 X Aug 201 538 10.38 46.7 -0.03 0.29 0.17
Sep 435 553 8.81 39.3 0.03 0.27 0.30

All 134 4.07 7.18 39.1 -0.04 0.18 0.11

Apr 0.10 3.27 545 30.8 -0.18 0.06 0.02

M May 0.30 1.48 2.66 51.7 -0.30 -0.01 0.11

E Jun -0.78 3.16 556 32.3 -0.02 -0.01 0.05

A Jul 132 471 7.28 24.7 -0.65 -0.10 0.03

N Aug 085 3.74 6.28 35.9 -0.72 -0.15 -0.06

Sep 280 3.82 6.05 20.1 -0.63 -0.32 0.10

All 0.75 3.35 5.84 32.6 -0.34 -0.05 0.05
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