DANISH METEOROLOGICAL INSTITUTE
TECHNICAL REPORT

03-11

Evaluation of the AMIS Gridded Observations
and Radar derived 24-hour Accumulated
Precipitation by Comparison with Climate Grid —
Denmark Gridded Observations
Phase ||

February 2003

Steffensen M.
Vegen F.

| SSN 0906-897X (print) 1 SSN 1399-1388 (online)



Copenhagen 2003

Preface

This report present results from a project carried out by DMI in 2001 and 2002 as phase |1 of
task number 2 “Forbedrede verdatatil loka varding og bedutningsstette for behandlingsbehov
mod fugteskende svampei korn” in the project “Videreudvikling af bedutningsstettesystemer” in
Pegticide Action Plan [I commissioned by the Danish Ministry of Environment and Energy and the
Ministry of Food, Agriculture and Fisheries.

The reaults and recommendations of phase | is described in the Technica Report 01-13:

" Evauation of the AMIS Gridded Observations and Radar derived 24-hour Accumulated
Precipitation by Comparison with Climate — Grid Denmark Gridded Observations’, March 2001.
Phase |1 follows the recommendations given in phase 1.

DMI, May 2002

Michael Seffensen
Flemming Veen
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1. | ntroduction

1.1 General

Thetwo main tasks of phase Il areto study how the field of 24-hour accumulated precipitetion in
AMIS depends on the number of observation used in the gridding process and to investigate the
effect of cdibrating the radar derived 24-hour accumulated precipitation using different techniques.

A centrd component of DMI’s AgroMeteorologica Information System (AMIS) isthe
interpolation of observed meteorologicd data to the 10 by 10 kilometre AMIS grid. The AMIS
observationd data are generaly of high qudity (Hilden and Hansen, 1998), however the fields of
24-hour accumulated precipitation tend to be too smooth, not reflecting the fine-scae spatial
dructure of the actud precipitation fields, probably ssemming in part from the quite Smple,
isentropic interpolation scheme used to caculate the data from the raw observed vaues, but aso
from the rlaive smal number of observations involved in the interpolation.

During the spring of 2002 a number volunteer people will read the daily precipitation 8 o' clock in
the morning Danish time and report the measurement through telephone to the Danish
Meteorologica Ingtitute as soon as possible. Thiswill increase the number of available precipitation
observationsin the AMIS system. When the number of observationsis increased the fine-scale
spatia structure of the actua precipitation fields is expected to be better represented. Thiswill be
demonstrated by comparison of the operationa AMIS precipitation pattern on specific day and the
precipitation pattern obtained with more obsarvation in the interpolation thet day. It has also been
investigated how the verification measures depend on the number of observation.

In phase | it has been demondtrated in the case sudiesthat fidd fine-scale structure was better
represented in the radar derived 24-hour accumulated precipitation than in the operationd AMIS
sysem. The overd| datisticd verification measure, such as ME, MAE and HR, on the other hand
was not as good as those for the operational AMIS. The am of phase Il was to correct the radar
data for angprop errors and to adjust the radar derived 24-hour accumulated precipitation to get
overd| datigtical verification measure comparableto AMIS,

1.2 M ethods and Data

The data sets used in phase || are basically the same as those used in phase | with one mgjor
exception. The AMIS data are supplemented with observation from those locations where the
additiond precipitation observations made available through telephone are expected. These
observation are available for the growing seasons 1998 and 1999 though not on daily basis at that
time.



1.3 Outline

The report is organised asfollows:

Chapter 2 contains brief descriptions of the modifications of the operationd AMISfidd used in this
andyss, and the methods of the calibration of the radar data are outlined. The results of the
quditative case studies usng the modified methods are discussed. Chapter 3 presents the Satidticd
verificationfor dependencies on the number of observations used in the interpolation and for
adjusted radar derived fidds, respectively. Chapter 4 contains the central conclusions. References
are given in Chapter 5.

Detalled results of the datistical verification are compiled in an Appendix B to J.

A ligt of abbreviations ad acronyms used throughout the report is given below.

1.4 Abbreviations

AMIS AgroMeteorologica Information System, see Chapter 2.2 AMIS.

RADAR Radar derived 24-hour accumulated precipitation, see Chapter 2.3.

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

MAE Mean Absolute Error, i.e. the sum of the absolute difference between the
anaysed vaues and the observations, divided by the number of observations.

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

HR Hit Rate, The sum over each precipitation category of number of correct

estimate (AMIS or Radar ) of this category divided be the total number of
occurrence in Climate Grid of this category.

HKSI Hanssen-Kuipers kill index with climate as reference. HKSl is 1 for a perfect
forecagting system and O for a“no skill” system. Negative vaues of HKSI
indicates that the forecasting system isinferior to the reference. (Hanssen, AW.,
and W.JA. Kuipers, 1965)

All Hit Rates are given asfractions.

ME, MAE and RMSE are in mm/24hr in tables showing satitics.

1.5 Glossary

Anaprop: In meteorologica Stuations associated with nonstandard refraction,
strong downward bending of the radar beam may occur leading to
echoes from ground targets even far from the radar. This cause
spurious echoes. Nongtandard refraction occur when the vertica



Attenuation:

Beam filling:

Beam power profile:

Bright band:

Clutter:
Overshooting:

Reflectivity factor:

Refraction:

Sidelobe:

digtributions of temperature and specific humidity are other than
normd.

The beam power is atenuated due to atmospheric gasses and
hydrometeors, i.e. clouds, rain, snow and hall.

The received power corresponds to the backscattering from a
volume of ar. If the beam volume is not uniform filled with
hydrometeors, eg. in case of partidly filling, representativity
problems may arise. The cross section of a radar beam increases
with increasing range, thus the problem increases with range.

The power profile is the energy level in the beam across the beam
axis.

The bright band is the layer in which mdting of snow is going on
causing a higher reflectivity than in the layers below and above. A
thin coating of water results in a very large increase in the reflectivity
of asnow sphere due to alarger backscattering cross section.

The reflection of the radar beam from non-meteorological targets.
The radar beam is Stuated above the precipitation layer.

The volumetric integration of the drop diameter in Sxth power in the
unit mmPrmi®,

The ar-mass properties, i.e. temperature, pressure and humidity, are
aufficently variable to produce smal changes in the speed of
propagation. This may lead to refraction of the radar ray and
produce marked changes in the direction of propagation.

The energy is concentrated into a beam along the radar parabolas
axis which is known as the mgor lobe. Smaler secondary lobes, the
gdelobes, are usudly found with their central axis directed at various
angles with the parabolas axis.



2. The Fidd Types

2.1 CLIMATE GRID - DENMARK

A description of climate grid — Denmark isfound in the phase | report Technical Report 01-13:
"Evaduation of the AMIS Gridded Observations and Radar derived 24-hour Accumulated
Precipitation by Comparison with Climate — Grid Denmark Gridded Observations’, March 2001.

2.2 AMIS

DM’ s operationa AgroMeteorologica Information System, AMIS, is described in the phase |
report Technical Report 01-13: " Evauation of the AMIS Gridded Observations and Radar
derived 24-hour Accumulated Precipitation by Comparison with Climate — Grid Denmark Gridded
Observations’, March 2001.

2.2.1 Modified AMIS

Inthisstudy four new precipitation fields have been obtain usng the same interpolation method as
in the operationd AMIS, but with avarying number of observations. The totd number of available
observationsis 126 for the Jutland area. Among these observations a subset of 87 observations
was randomly chosen in such away that the coverage has the same degree of homogeneity. The
same procedure was performed with 62 and 25 observations.

For eech AMIS square, the value at agiven time is obtained by asmple distance interpolation with
a predefined cutoff radius and weighting with weights proportional to d, where d isdistance and r
IS anegative power. The cutoff radius and the power has to be estimated. A small vaue of cutoff
radius will have to few observation in the interpolation and alarge vaue of cutoff radius will include
to many observations. An optimum cutoff radius may be found. The power on the other hand is
connected to the cutoff radius since alarge power will suppress observations at large distances
even if the cutoff radiusislarge.

The cutoff radius and the power is estimated by andysisof the mean absolute error, MAE, of the
interpolation of each observation from the others.

For small values of cutoff radius (too few observations) the MAE increases when the power is
increased because alarge power will reduce the influence of distance observation and thereby
further reduce the number of observation in the interpolation.

For alarge cutoff radius (to many observations) the behaviour if MAE is opposite. MAE
decreases when the power is increased because alarge power will reduce the influence of distance
observation and thereby reduce the number of observation in the interpolation.



The cutoff radius and the power aso depend on the total number of observations available. If the
tota number of observationsis smdl the cutoff radius hasto be large to include sufficient number of
observations in the interpolation.

The cutoff radius and the power for each of the four additiona fields are listed in table 1.

No of Cut- off

ations radius (km)  Power
25 66 15
62 41 1.8
87 36.2 2.0
126 32 1.9
Tablel

2.2.2 July 14™,1998: A Cold Front

The synoptic development over Denmark this day is dominated by alow which enters Jutland near
Thyboren and moves eastwards across northern Jutland and Kattegat towards Sweden. During
the morning the wind in Jutland is mainly from south to southwest with light showersin the western
and southern parts and in Djurdand. Strong to heavy showers are reported from Ringkebing aong
the west coast to Thisted airport. Light continuos rain in the most southern part of Jutland. A cold
front associated with the low reaches Jutland and is at 12:00 UTC sretching from around Morsin
the Limfjord southeast across Funen. The synoptic weather map and the position of the cold front
at 12:00 UTC are shown in figure 2.1. The wind behind the front is more westerly and light
showers prevail across Jutland with <till some strong showers on the west coast. At 15:00 UTC
the front has moved further eastwards to Kattegat and Sealand and the wegther is beginning to
clear up in Jutland, though some light widespread showers are il present in Jutland.

Figure 2.2 show the precipitation contours (red curves) for the operationd AMIS field

together with the contours (blue) of the verifying Climate Grid - Denmark and a scattergram in the
lower |eft corner. The grid precipitation from Climate Grid - Denmark shows up to 15-20 mm of
rain at the most wet places. The operational AMIS results show afairly good corresponds with the
wet places in southern Jutland, but a very poor correspondence with wet places in the central and
northern Jutland, where the counter linesin many places are even orthogond.
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Figure 2.1. Synoptic map for July 14th, 1998, 12 UTC.
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Figure 2.2. Map of precipitation from the operational AMISfor July 15", 1998, 12 UTC, and a scattergram to
show the accuracy. Thisfigureisthe same asfigure 3.5 in Technical Report 01-13: " Evaluation of the AMIS
Gridded Observations and Radar derived 24-hour Accumulated Precipitation by Comparison with Climate — Grid
Denmark Gridded Observations”

Figure 2.3 shows four precipitation patterns and scattergrams for fields with an increasing number
of observations in the interpolation, starting with 25 observation in the upper |eft corner, 62
observationsin the upper right corner, 87 observationsin the lower left corner and findly al 126
avallable observations in the lower right corner
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The scattergrams clearly show how the increasing number of observationsis reducing the spread in
the scattergrams indicating a better retrieva of the fine-scale structure of the precipitation field. In
this case however not much is achieved going from 87 observations to 126. The field based on 87
observations captures most of the fine-scale structure, and is much better than the operationd
AMIS shown in figure 2.2.

Pracipiiation 15 Juky 1698 B — AMIS
mmmumﬁu_ ER (L] e izt grlc]|

it g e

.I'ndphﬁm'lﬂd 1008 \ [—AMIS P 15 Juky 1598 | — AMIS
.mumﬂnli}l G | — climatngr iy Rt NG

[ % " = ] i ] # =
it 7 w0 ' r ity gred e

Figure 2.3 Four precipitation patterns and scattergrams for fields with an increasing number of observationsin
the interpolation, starting with 25 observation in the upper left corner, 62 observationsin the upper right corner,
87 observationsin the lower left corner and finally all 126 available observationsin the lower right corner.
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223 June 24™ 1999: Showers

The synoptic Stuation 12 UTC shown in figure 2.4 is dominated by a high pressure area with more
than 1020 hPa and a southeast gradient with wind from northwest. This was the genera Situation
during both 24-25 June 1999. Loca showersfdl mainly in the two areas seen in figure 2.5
showing the precipitation contours (red curves) for the operationd AMIS field together with the
contours (blue) of the verifying Climate Grid - Denmark and again a scattergram in the lower |eft

corner.
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Figure 2.4. Synoptic map for June, 24" 1999, 12 UTC.

The operational AMIS field captures to some extend the small precipitation area to the south but
completely misses the rather large amount of precipitation, 16 [mm] south of Aaborg. This may
a0 be seen in the scattergram where the AMIS vaues tend to lie on a horizonta line around 2
[mm] with the Climate Grid vaues reaching more than 20 [mm).
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Figure 2.5. Map of precipitation using AMIS for June 25™ 1999, 12 UTC, and a scattergram to show the
accuracy.

Figure 2.6 shows again the four precipitation patterns and scattergrams for fields with an increasing
number of observationsin the interpolation. Similar to the case 15 July 1998 the precipitation
pattern with 87 observations captures both precipitation areas. The scatter in this case however is
not so good, which may be due to the rather step gradientsin the field. again not much isgained
when the number of observationsis increased from 87 to 126.
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Figure 3.6. Four precipitation patterns and scattergrams for fields with an increasing number of observationsin
the interpolation, starting with 25 observation in the upper |eft corner, 62 observationsin the upper right corner,
87 observationsin the lower left corner and finally all 126 available observationsin the lower right corner.
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2.2.4 August 19", 1999: Heavy Precipitation

During 18-19 August the synoptic stuation 12 UTC shown in figure 2.7 is dominated by a high
pressure area with more than 1000 hPa and a northeast gradient with wind from south to
southeast. The area got widespread and partly heavy convective precipitation, at places quite huge
amounts.
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Figure 2.7. Synoptic map for August, 19th 1999, 12 UTC.

According to climate grid precipitation there were severd preci pitation maxima with up to about
30 mm of rain as seen in figure 2.8 showing the precipitation contours (red curves) for the
operationa AMISfidd together with the contours (blue) of the verifying Climate Grid - Denmark
and again a scattergram in the lower |eft corner. Generdly, AMIS has difficultiesin locating the
maximum preci pitation correctly. Moreover, the precipitation amounts are very wrong and there
are large discrepancies between climate grid and AMIS which can aso be seen in the scattergram.
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Figure 2.8. Map of precipitation using AMIS for August 19" 1999, 12 UTC, and a scattergram to show the
accuracy.

The four precipitation patterns and scattergrams for fields with an increasing number of
obsarvations in the interpolation shown in figure 2.9 is again demongtrating the increased ability to
capture the fine-scale structure as the number of observation isincrease. In this case already 62
observations seems to capture the fine- scde structure well, which can dso be seemin the
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scattergrams where the spread around the identity line looks like a cone structure pointing towards
the intersection between the x- and y-axis.

—— AMIE | Precipitation 18 August 1899

Precipitation 18 Auguwsi 1999
—— Climate grid M- of AMIS-stationa: 126, ;.
[ TS S ¥

the interpolation, starting with 25 observation in the upper left corner, 62 observationsin the upper right corner,
87 observationsin the lower left corner and finally all 126 available observationsin the lower right corner.
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2.25 Conclusions

The main concluson drawn from the case dudies is, that increasing the number of observations
goplied in the interpolation from 25 to 90 is enhancing the resolution of the fine scale Structure
sgnificantly, wheress increesang the number of observations beyond 90 not much additiond
dructure is gained in the fidds. Chapter 3 will illudrate this further usng the overdl verification
gatidics.

2.3 Radar derived 24-hour Accumulated Precipitation

In the phase | report: ” Evauation of the AMIS Gridded Observations and Radar derived 24- hour
Accumulated Precipitation by comparison with ClimateGrid — Denmark Gridded observations’, it
was recommended thet improvements of radar derived 24-hour precipitation totas could be
attained if anaprop infected radar observations were identified and excluded from the anayses.
Daily adjustments should be made of radar derived precipitation amounts by usng data from
raingauge stations. The survey of possible improvements of the AMIS product from the use of
radar datais concentrated on these two items.

2.3.1 Data

In asurvey on default cdibrated radar data against raingauges (Southern Water, 1985), it was
shown thet the radar performs better than raingauges in frontal Stuations except at distances up to
afew km from the gauges, and in convective events at al ranges except very close to the gauges.
To resolve the problem of spatid variations in the adjustment a large number of raingauiges are
required in the analyses of radar data. Daily precipitation totals from gpp. 115 raingauge stations
have been used out of which 50 gations are full automeatic (tipping bucket or weighting type) while
the rest are manud dations.

In the andlyses are used nearly the same radar data set as in phase |, except that a smal number of
days has been removed as aresult of extended quality control.

2.3.2 Pre-processing of radar data

There are various sources of error on radar data, e.g. anaprop, bright-band effect, vertica
reflectivity profile variations, attenuation of the radar beam at range and clutter. Correctionsfor dl
known systematic errors on radar data should be applied before any raingauge adjustment (Joss
and Wddvogd, 1987).

Correction for beam attenuation, which is due to atmospheric gases and hydrometeors, are carried
out to account for the loss of power during propagation of the beam through the atmosphere.
Bright-band may lead to big errors on rain rate, up to afactor of five, provided the radar has the
necessary spatia resolution to resolve the bright-band layer (Joss, 1990). Corrections for resolving
this error should be gpplied but is not needed because bright-band is normaly no problem in the

18



growth season except in April and early May. Corrections for effects related to vertica reflectivity
profile variations, such as the effects of range and orographic enhancement, have not been gpplied
but are only a problem at large range. The correction for clutter uses higher elevation beams close
to the radar and filters to remove pixels affected by clutter (for more details, see Steffensen et d.,
2001). Biggest problem Ieft is anaprop that is too severe and is not been removed by this method,
and efforts have been put to develop a smple gpproach for identification of anaprop days.

2.3.3 | dentification of anaprop days

Anaprop is a sgnificant source of inaccuracy on radar derived precipitation sums. Apart from true
precipitation, anaprop echoes move in an erratic mamer or are stationary. Anaprop is associated
with regions of no precipitetion at al and is due to temperature and moist inversions during stable
wegther conditions. The am of the angprop identification schemeisto identify: (i) severe angprop
dayswith spurious radar patterns, and (ii) days where anaprop and precipitation occursin the
same period.

Efforts have been put to investigate if asmple method can lead to subgtantid improvements of the
AMIS results, and the god is to evauate the gain by just excluding anaprop contaminated 24-hour
periods of radar data. Anaprop days are mostly characterised by large discrepancies between
raingauge and radar precipitation totals: while the raingauge totals are close to zero, the radar totals
can become extremely high. If there is a good agreement between radar and raingauge totals,
anaprop has probably not been present in the 24-hour period.

In order to help the anaprop identification, aratio F is defined:

F =

Ol

N P N

o O [¢}

aa Rnp(24h)/a Gn(24h)
n=1

n=l p=1

Fistheratio of the sum of the radar totals to the sum of raingauge totals. R=the 24-hour radar
tota in one pixed at the same position as the raingauge n, G=the 24-hour raingauge tota of
raingauge n, N=the tota number of raingauge sations, and P=the number of pixels being used for
estimation of the average radar totd at raingauge Site n. For description of the method for
estimation of R, see chapter 2.3.4 “Procedures for raingauge adjustment”. If no rain has been
reported F is undefined, but this has been the case only on three days in 1999.

Figure 2.10 shows a scatter plot of daily radar and raingauge precipitation amounts averaged over
the number of raingauge stations. On the most days, there is a quite good agreement between the
radar estimates and raingauge values, the radar over- or underestimating by afactor 3 or lessin
most cases. A large group of points have averaged radar totals much higher than for the
raingauges. Probably, these points represent anaprop days.

Theideaisthat if F exceeds a certain threshold value z thereis an increased risk of angprop
contamination within the 24-hour period, and the probability of anaprop, P, is set to afixed vaue
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1. Then, radar data do not enter the estimation of the AMISfidd. If F<z there is probably no
anaprop:
il if F3zj
= I' . 7
10 if F< zg

Average radar total VS average raingauge total
Growth seasons 1988 and 1999
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Figure 2.10. Daily precipitation totals for the growth seasons 1998 and 1999 in Jutland averaged over the
number of actually reporting raingauge stations, where R,,, is based on from radar data and G,,, on raingauges.
Thefull lines indicate afactor 3 difference between R,,, and G,,.

In order to verify F and establish athreshold vaue z, it is examined whether F is a confident
measure for identification of anaprop days. On angprop days, it normaly takes some time for
widespread fronta rain to enter the areg, thusin the most cases only afew or no raingauge stations
would be expected to report rain. If they are reporting rain, the amount is probably low. In some
cases, severe angprop and sgnificant rain may hit an area within the same 24-hour period and
affect the radar totals deleterioudy, and F should reach high values.

The magnitude and variaion of F is compared with the maximum vaues of dally raingauge
observations and the percentage of raingauge stations with >0 mm (Figure 2.11). For F vaues
close to one, about 10-100% of the raingauige stations are reporting rain, and angprop has
probably not been present during the 24-hr period. When F reaches extremey high values most or
al raingauge stations are dry, and angprop is expected. In dmost dl cases with high F vaues, the
24-hour maximum amount of precipitation at the raingauge stations has been lessthan 1 mm, and
for the highest F values the amount has been very low, 0.2 mm or less.
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Figure 2.11. Left: scatter plot of F versus pct of stations having more than O mm of rain for 1998-1999. Right:
scatter plot of F versus mm of rain at the wettest raingauge station for 1998-1999.

Table 2.2 shows the frequency of Fin 1998, 1999 and totaly together with statistics on gauge
totals for various F classes (average and maximum tota's, and the percentage of stations reporting
rain). Only few or no stations are reporting rain if F haslarge vaues. If F=10 it is seen that only
1.5-4.9% of the stations were reporting rain on average, i.e. 2-5 stations. On clear days, trace
precipitation (<0.1 mm) or 0.1mm is often reported at manua stations. The reason is nearly aways
fog or dewdrop accumulation in the gauge leading the observer to report precipitation, and in the
whole study period only three days were completely dry at al sations.

F statistics Intervalsfor F groups
0<F<3 3=F<5 5=F<10 10=F<50 | 50=F<200 | 200=F<500 |500=F
1998 N 139 12 3 5 4 3 3
1999 105 4 7 8 7 9 11
Total 244 16 10 13 11 12 14
1998 N% 8225 7.10 1.78 2.96 2.37 1.78 1.78
1999 69.54 2.65 4.64 5.30 4.64 5.96 7.28
Total 76.25 5.00 3.13 4.06 3.44 3.75 4.38
Gur Avr (32176 0.1486 0.1206 0.0448 0.0058 0.0066 0.0035
max |19.68 0.42 0.57 0.21 0.01 0.01 0.01
Min |0.00 0.01 0.00 0.00 0.00 0.00 0.00
Ginax Avr [150 3.2 4.0 15 0.3 0.3 0.2
max  [84.0 11.0 26.5 6.0 1.2 0.5 0.7
Min |03 0.3 0.2 0.1 0.0 0.2 0.03
Y%rain Avr 677 25.9 14.2 15 4.7 4.9 3.4
max  [99.2 53.0 40.9 31.3 11.2 6.9 8.5
mn |26 6.9 3.4 34 0.9 2.6 1.7

Table 2.2. Statistics of various F classes are shown for 1998, 1999 and totally. N=total humber of days,
N%=percentage of daysin aF group, G,,=daily raingauge totals averaged over al stations, G.,=daily
maximum if raingauge totals, and %rain=daily percentage of stations reporting rain.
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According to Table 2.2, app. 81% of al daysin 1998 and 1999 had reasonable F vaues (<5), but
10-15% of the period may have been contaminated by anaprop. Moreover, angprop was much
more frequent in 1999 than in 1998. Normaly, the weeather conditions during anaprop are stable
and perggtent, and fronta rain systems are often weakened and moving dowly when approaching.
In fact, widespread rain did not occur together with severe anaprop within the same 24-hour
period in 1998 and 1999.

Only in afew cases, isolated showers or weak fronts occured together with angprop, but then
Gmax=0.5 mm was measured even in case of very high F vaues. In the most cases, Fiswel below
10, and F<3 are dways associated with rain. This argues F=3 to be chosen as the threshold value
z
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Figure 2.12. The magnitude of the ratio F during the growth seasons 1998 and 1999. On several days, F was
much larger than 100, in few cases more than 1000, but the y-axis has been cut off to show small F values.
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The day-to-day variations of F can be very large (Figure 2.12) and the absolute vaue of F is often
extremdy high. They-axisis cut off at F=100 to accentuate smal vaues of F. Of no doubt, days
with large F vaues do have serious angprop and it is not recommended to et the radar rain totals
enter the AMIS system. In order to verify the results of the andyses of F=10 by independent
information, 24-hour sequences of radar images have been subject to subjective assessment in
order to classify them according to the intensity of anaprop. The persistency of anaprop is not
consdered. The detailed results in Table 2.3 are summarised in Table 2.4.
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Table 2.3(a). Statistics for days with F=10 for the growth seasons 1998-1999 sorted by increasing F value. N=number of raingauge stations. N>0: number of raingauge
observations with rain or tracer (<0.1mm). G,»=largest amount of precipitation at the raingauge stations. R,,»=highest amount of precipitation according to the radar.

? G, 7R =rain total at the raingauge stations and radar, respectively. F=ratio between radar and raingauge totals. A ;;my and A g,4a: classification of anaprop contamination
for a24-hour sequence of radar images, where 0=no anaprop, 1=patches of anaprop, 2=quite strong anaprop, but land contour is not seen in radar images, 3=severe and
widespread anaprop, land contour is evident in radar images. The date indicates the 24-hour period since the previous day. (Table continues on next page...)

Date N N>0 Ghax Rinax ?G ?R F Aioms Asnda | COmments
15-05-1998 117 2 01 733 01 561.0 4315.0 3 3 Fog reported
11-09-1999 116 2 <01 4.7 01 176.4 29405 2 2 Fog reported
28-04-1999 115 3 <0.1 35.7 01 2511 2790.1 3 3 Some fog reported, few clouds
30-07-1999 116 5 0.2 210.7 05 1233.6 2681.8 3 3 Fog reported
29-07-1999 116 3 01 1390 0.2 608.4 2645.1 3 3 Fog reported
08-05-1999 116 2 01 493 01 313.7 24129 0 3 Small shower linesin the beginning
05-08-1999 117 4 03 1339 05 784.3 1479.9 3 3 Fog reported
18-05-1998 117 10 0.2 1988 0.6 767.2 1257.6 3 3 Fog reported
03-04-1999 116 4 0.2 9%.4 05 526.3 993.0 3 1 Nearly cloudless
02-05-1998 117 5 0.2 1724 0.6 4191 748.3 3 3 In the North rain in the beginning
31-07-1999 116 3 0.7 1105 0.8 5085 669.0 3 2 Fog reported
05-09-1999 116 7 0.2 63.0 0.6 402.1 6485 3 3
11-07-1999 116 4 03 53.7 05 2935 553.8 3 3 Fog reported
10-07-1999 116 2 05 47.8 05 290.7 548.5 2 2 Fog reported
04-09-1999 115 4 0.2 98.1 04 1789 497.0 2 2 Fog reported
12-07-1999 52 2 0.2 248 0.2 1131 4917 30 3

ata
28-05-1999 114 3 0.3 336 04 1519 4221 3 1 Fog reported
04-04-1999 116 5 0.2 63.5 0.6 2297 410.2 2 1
11-08-1998 116 8 05 105.1 12 466.5 3824 2 3 Anaprop and rain in same images
21-06-1998 116 5 0.2 764 05 186.4 3804 3 1 Fog and drizzle reported
28-07-1999 116 5 0.2 482 0.6 2275 3611 2 2
06-08-1999 118 8 05 1249 15 500.1 335.6 2 3 Showers in the beginning
07-08-1999 52 3 04 48.6 05 158.0 2981 30 2

ata
09-07-1999 65 3 0.2 16.6 0.6 163.0 2716 3 30

ata

05-04-1999 116 6 0.3 225 038 1790 2355 1 2
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Table 2.3(b). (... Table continued). See table text on previous page for explanation.

Date N N>0 Grax Riax ?G ?R F Aoms  Asnga | Comments
17-05-1998 117 8 0.2 314 0.7 151.9 211.0 2 2 Fog reported
29-08-1999 117 5 0.2 146 0.3 58.2 181.8 1 1 A shower in the beginning
16-05-1998 117 5 0.3 455 08 1279 1683 2 2
12-08-1998 116 8 03 15.7 0.6 88.2 152.0 2 3 Anaprop and rain in same images, fog reported
09-09-1999 115 6 12 65.2 14 1532 107.9 1 2 Local rain
16-06-1999 117 5 04 219 09 838 974 2 0 Fog reported
19-05-1998 117 8 05 85 038 57.1 732 2 2 Fog and local drizzle reported
03-09-1999 116 13 03 234 13 934 69.7 2 1 Showersin the beginning (rain, drizzle and fog reported)
02-05-1999 116 1 <0.1 10 <0.1 19 61.7 0 0 Local fog reported
15-06-1999 17 1 <01 0.7 <01 18 587 1 0 Fog reported
14-05-1998 117 4 0.2 50 0.6 354 56.2 0 1 I solated showers, fog reported
17-06-1999 117 4 0.2 7.6 0.7 35.6 50.9 1 0
16-05-1999 116 5 13 29.3 15 720 48.3 1 2 Rain in the beginning, fog reported
02-08-1999 118 13 6.0 1391 246 8%9.5 36.6 3 3 Cb’swith rain and thunder
23-09-1998 115 36 03 885 53 1304 24.6 1 3 Showersin the beginning
01-05-1998 115 30 20 110.3 140 3415 244 2 1 Rain in the beginning, otherwise anaprop
19-07-1999 116 12 30 330 49 1164 237 2 0 Showers in the beginning
23-07-1998 116 7 03 22 0.7 134 193 1 1 | solated showers
27-07-1999 116 5 03 29 05 8.7 178 1 0 Isolated showersin the South, local fog reported
13-09-1999 116 4 01 23 0.3 40 154 0 0 Local fog reported
02-04-1999 16 7 14 6.6 33 46.0 138 1 1 Nearly cloudless
19-06-1999 7 7 0.2 37 0.8 10.0 12.6 1 0
04-05-1999 116 8 12 225 30 36.7 123 0 1 Shower lines
14-06-1998 116 15 14 128 56 63.5 114 1 0 Small showersin the beginning
10-08-1998 116 12 22 39 31 312 100 1 2 Anaprop in the North, in the beginning rain in the South
05-05-1999 116 O 0 - 0.0 248 - 0 2 Cloud streets, isolated showers
06-05-1999 116 O 0 - 0.0 50 - 0 1
07-05-1999 67 O 0 - 00 12 - 0 no
data
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Four anaprop classes are defined: for the classes 2 and 3 anaprop is severe and widespread, and
in dass 3 land contours and coast lines are clearly seen, but not in class 2. In class 1 only patches
of anaprop occurs, and in class 0 no anaprop is present &t all.

Rmax 1S extremey high compared to Gqax in most cases, epecidly for large F vaues, and is
associated with severe anaprop in the Remg or Sindal radar area, or the both. Sometimes, rain or
tracer precipitation (<0.1mm) has been reported, but it is caused either by dewpoint accumulation,
or by wesk fronts and isolated showers entering the area during the period. For example, on the 4-
5th of May 1999, very isolated showers were present according to the radars, but at the same
time the raingauge stations did not report any rain at al, and later on quite severe angprop popped
up inthe Sindal radar area. On the 2nd of August 1999, afew quite heavy showers were present
in the radar images. A few weather sations were reporting Cb clouds with rain and thunder, and
one station got 6.0 mm. In the same 24-hour period severe anaprop was present (anaprop class
3). The reported rain total's caused F to be only 36.6, but anyway it indicated that something
Spurious was going on. The examples show that even though true radar rain areas are present in
the images, they should not enter AMIS if angprop is present.

Now is left to answer the question how many of the angprop days had true precipitation (Table
2.4). For increasing anaprop classes the average value of F and the number of occurrencesin
higher F classes increases. The number days with severe angprop (class 2 and 3) and radar rain
echoes during the same period were only 6 out of 22, and only two angprop days had sgnificant
precipitation with one or more stations reporting >0.5 mm. The rain echoes were corresponding to
isolated showersin dmogt al cases.

Anaprop [ N(P=0) N(P>0) N(P>0.5) | Fqr F categories

Class 10-19 2049 50-99 100-299 300-499 500-999 =1000
0.0 2 0 0 385 1 1

05 3 4 2 314 4 3

1.0 2 3 1 67.2 2 1 1 1

15 3 5 3 4149 |1 1 2 1 1

20 11 1 0 576.5 1 1 3 4 2 1

25 1 3 1 384.8 1 2 1

3.0 10 2 1 1493.3 1 1 1 3 6

Table 2..4. Statistics on 24-hour radar image sequenses sorted by anaprop class (for definition, seetext). The
table shows the number of sequensesin different F classes and precipitation classes N. N(P=0): number of
completely dry images sequences. N(P>0): number of sequenses in which rain echoes have been observed.
N(P>0.5): number of sequensesin which radar rain echoes have been observed and more than 0.5 mm has been
reported from at least one raingauge station. F,,=average F value for all sequensesin an anaprop class.

2.3.4 Proceduresfor raingauge adjustment

For adjustment of radar derived 24-hour accumulated precipitation a system is devel oped.
Because there seems to be case-to-case variations in the errors on radar data, particularly at long
range, only raingauges within certain ranges should be used (Kitchen and Jackson, 1993). Smple
comparisons between gauge and radar at long range may not reflect the true rain rate
underestimation by radar because of the detection failures of the radar (Kitchen and Jackson,
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1993), thus, according to experience only raingauges up to 100 km's distance enter the adjustment
scheme to avoid that verticd reflectivity profile problems a range influence the adjustment.

The energy of the returned radar beam power reflected from hydrometeorsin avolume of air
depends on the drop diameter D in sixth power and the number of drops N. The reflectivity factor
Z is estimated from the returned power, which the radar measures. Z depends on the drop size
digtribution and thereby the precipitation type, and it is reated to rain rate R (mmvhr) by Z-R
rlationships of the generd form Z=AR’, where A and b are empirical constants (e.g. see Battan,
1973). Knowing that the value of Z is proportional to the number of dropsin first power but the
drop diameter D in sixth power, the reflectivity factor Z reaches, for the samerain rate, large
values in convective precipitation and smal vauesin drizzle because the number of large dropsis
much larger in convective precipitation than in drizzle.

The best way of comparing results is to make sample sizes of radar and raingauges as Smilar as
possible by integrating the linear quantity of interest in time and space. The integration isdonein
rain rate, not in reflectivity, as recommended by Joss (pers. comm.). The 24-hour amount of rain,
R, isestimated firgly by integrating every radar image (pseudo- CAPP! image) in rain rate units
over adl 10-minute pixes, i, by usng a sandard Z-R relaion vaid for widespread rain (Marshall-
Palmer, 1948):

Qo=

ép di X(Zip/A)llb

=1

R=4

'u‘
©

A=220, b=1.60, d=atime correction factor which is estimated from the actud tempora resolution
of the radar images, P=the number of pixelsin amatrix JxJaround the raingauge location, and
N=the number of images.

Secondly, the accumulated radar totals are adjusted by using the most gppropriate adjusting
formulafor the day in question, and, findly, 10" 10kn¥ grid cdls are esimated on the basis of the
24-hour adjusted precipitation sum image.

Weether radars are quite accurate in measuring the extent of arainfall area, but bias may ariseif
large differences exist between the standard Z-R relaionship used and the actud Z-R conditions.
The raingauge adjustment scheme focuses on reduction of systemétic variations and residud errors
In radar rain amount, and the adjustment domain is the whole area of radar coverage. Because it is
aprocedure designed to work in near real-time, it must respond to daily changes, but a sampling
period must not be too short as to introduce sampling errors (Coallier, 1987). The radar and
raingauge tota is integrated over 24 hour because the fact that most manud stations are measuring
only once aday.

The adjustment scheme conssts of 3 steps:

Sep 1. Edimation of the actud Z-R rdationship.
Sep 2: If gep 1 fals, estimation of a caibration factor m.
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Sep 3:  If step 2 fails, astandard Z-R relationship is gpplied.

In step 1, aregresson method is used which works in a spatia-tempora domain. The actud Z-R
relationship is estimated on the bad's of Satigtica analyses of 24-hour integrates of Z and R. The
Z-R reldion is evduated by corrdation andlys's, tests of significance and estimation of error
satistics, and it is assessed whether the congtants A b in Z=AR? atains redlistic values. Numerous
Z-R relationships have been derived (Battan, 1973), but amost no effort has been put to the
caculation of R-Z rdationships, i.e. R=(Z/A)°. Stout and Mudller (1968) argued that Z should be
the independent parameter in the correlation of the logarithms of R and Z. Even if the corrdation
coefficient islarger than 0.9 the use of Z-R rdationships ingtead of R-Z may cause errorsin R of
up to 50% (Kreuls, 1991). Therefore, R-Z relationships enter the adjustment scheme.

In certain weether Stuations the actual Z-R relationship does not lead to Sgnificant reduction of the
bias between the radar and the raingauge totals, or any significant Z-R relaionship may not be
found, or A,b do not attain redistic values (rgjection reasons, see Table 2.5). In that case, asmple
adjusment method is gpplied to step 2. It is based on smple deterministic principles by which an
adjustment factor derived from temporaly and spatidly integrated values of G and R’ isdefined as
m=? G,/? R’ that is gpplied to the default calibrated radar image. G,=the raingauge accumulation
a station n, and R’ =the default adjusted radar sum at gauge position, where G is assumed to
represent the true precipitation. By this mean the effect of adjustment should be to try and minimise
the errors in area accumulations, which would tend to be dominated by low rainfal ratesif factor m
just was cdculated as an average G/R’ ratio.

Step 1 Step 2

no raingauge data and/or no radar data available

Ttest failure on 5% level factor m out of bounds: m<0.3333 or m>3
bad A constant:

A>999 or A,<500r A,<0

bad b constant: b,>2.49 or b,<1.10 or b,<0 toolow G or R’ totals:

skew adjustment Z, unrealistic(Z): gauge total ? G<5 or radar total ?R’'<5
Ruiny=(Z/A,)" = 0.05, where Z=0.25 is set

Skew adjustment R,unrealistic(R): too few wet obs: n<20

Ruiney =(Z/A)™ = 0.05, where 7=0.25 iis set
Rrad adjustment problems

Table 2.5. Reasons for rejection of the Z-R relationship in step 1, and for rejection of the adjustment factor in
step 2.

If step 2 fails, e.g. because the number of Z-R data pairsistoo smdl or the adjustment factor is
supposed to be unredigtic large or smdll (see Table 2.4), a standard Z-R relaionship isused
instead, which is the Marshall-Palmer equation Z=220R>% for widespread rain (Marshall and
Pamer, 1948).
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2.35 General results

Table 2.6 shows the overdl performance of the radar adjustment scheme. On gpproximately 31%
of dl daysin the growth seasons 1998 and 1999, it was possible to estimate an actua Z-R relation
that in fact was able to improve the estimates of radar rain totals. For various reasons, this was not
possiblein the rest of the growth seasons. The reasons for this are summarised in the table. In
many cases, the empirica congtants A and b were not realistic because they attained too high or
low vaues. In other cases, the relationship between Z and R was not significant, or R attained
unredigtic values.

Number of adjustments

1998 1999 Total Total %
Actual Z-R relation 53 47 100 309
Adjustment factor m 73 66 139 429
Standard adjustment Z-R 43 42 85 26.2
Total 169 155 324 1000

Rejection reasons for actual Z-Rrelation

Unrealistic value of b 16 14 30 134
Unredlistic value of A 48 46 A 420
R’ adjustment problems 38 35 73 325
Unredlistic value of R’ 9 8 17 76
T test failure 5 5 10 45
Total 116 108 224 100.0
Rejection reasons for adjustment factor m

?G?Rtotalsaretoo low 21 20 41 482
Factor m out of bounds 20 20 40 471
too few observationsof rain | 2 2 4 47
Total 43 a2 85 100.0

Table 2.6. The table shows the overall performance of the adjustment scheme by statistics on the number of
adjustments being done by actual Z-R relations, adjustment factor m and standard adjustments Z-R. It also
shows statistics on the number of various reasons of rejection of the two adjustment methods

Neverthdess, it isaquite good result that it was possible to calculate a Z- R reaion in about one-
third of al days during 1998 and 1999. In case of Z-R failure, the more smple adjustment factor
method is gpplied for estimation of radar totals. This method accounts for about 43% of dl
adjusments. The most common reasons for failure of this method are that the adjustment factor m
isout of bounds, or that the amounts of rainis very smdl so that problems would probably arise if
the adjustment factor were applied. When misout of bounds, the reason is probably presence of
anaprop during the period, i.e. theratio F attains very high vaues. If ? G isvery smdl, anaprop
may also be present, and if both ? G and ? R" isvery smal the adjustment factor is probably not
representative of therain area.

Findly, if the above methods fail astandard Z-R relation is gpplied. This happened in 26% of dl
occurrences.
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The scatter plots in Figure 2.13, 2.14 and 2.15 shows the overal performance of the actua ZR
rel ationships, the adjustment factors m and the standard Z-R relation, respectively.

R',G totals before actual Z-R adjustment R',G totals after actual Z-R adjustment
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Figure 2.13. The overall results of the actual Z-R adjustment for 1998 and 1999. The gauge and radar totals are
estimated by summing up all R’ and G comparisons. The average amount of rain for the wholeradar areais
estimated by the radar or gauge total divided by the number of raingauges. Left: rain totals before the Z-R
adjustment is applied. Right: rain totals after the Z-R adjustment is applied.

Figure 2.13 showsthe overal results before and after the actua Z- R relaions have been applied to
the radar totals. Each point represents the gauge and radar totals, ? R* and ? G, on each day, but
the plot do not say anything about the daily vaues of the individua scatter on Gand R'. It is seen,
that the Z-R adjustment improves the radar estimates by reducing the under- and overestimation of
the radar rainfal which is clearly seen before the adjustment is carried o, i.e. the overall biasis
reduced. The average amount of rain at each raingauge can be estimated by dividing the radar or
gauge total by the number of raingauges.
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R',G totals when m is applied
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Figure 2.14. The overall results of the adjustment factor m for 1998 and 1999. The gauge and radar totals are
estimated by summing up all R’ and G comparisons. The average amount of rain for the wholeradar areais
estimated by the radar or gauge total divided by the number of raingauges.

Figure 2.14 shows the overdl performance of the adjustment factor m. When m is applied, the
scatter disgppears but is has no meaning to show this because the method is designed a reveding
adjusments for problems with the radar sengtivity as argued in the description of the method in the
chapter about this.

R',G totals adjusted by standard method R'and G totals adjusted by standard method
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Figure 2.15. The overall results of the standard Z-R adjustment for 1998 and 1999. L eft: adjustment results if
F<10. Right: adjustment resultsif F=10. The gauge and radar totals are estimated by summingup al R’ and G
comparisons. The average amount of rain for the whole radar areais estimated by the radar or gauge total
divided by the number of raingauges.
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It isvery interesting to see, what happens when the adjustment factor fails and a standard Z-R
adjustment is applied (Figure 2.15). When F<10, there has probably not been anaprop, especially
when Fiscloseto 3 or below, and on many days the radar over- or underestimates the amount of
rain. If F=10, it follows from the discussions in the chapter about anaprop identification thet there
may be very big problems with anaprop contamination in the radar images.

2.3.6 July 14™,1998: A Cold Front

At larger ranges, the radar obvioudy underestimates the precipitation amount, but within 200 km
range, the radar shows the precipitation pattern quite well. In the radar images from 14 Juli 1999 at
12UTC, it is seen that the precipitation echoes are becoming weaker at the larges ranges. In the
overlap areas, the two radars are seeing amost the same distribution of precipitation but the rain
rate is different (figure 2.16).

Up to adistance of at least 100 km, radar data can be used quantitatively, but at large ranges it
can most often only be used qualitatively unless data is corrected for range related sources of error
which can improve results to a certain extent. In the scatter plotsin figure 2.17 isshownthe R and
G samples for both radar areas, estimated for raingauge locations up to a 100 km's distance from
the radar.

Figure 2.16. Remg (left) and Sindal (right) images on 14 July 1998 at 12UTC. Reddish blue indicates the heaviest
rain, and light blue is the weakest.

The scatter plot shows, that there is a quite large spread in the samples, but that the scatter has a
sructure looking like an ice cake, which iswell in accordance with the multiplicative structure of
the Z-R modd. The representativeness problem might explain much of the large and often extreme
scatter between radar measures and raingauge data (Joss, 1990), and is due to small-scale
variability and gradients of precipitation, differences in the characteristics of samples from radar
and raingauges.
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AdJustme?ptloct)fforr:;(:iirmdae;tcasggoigJuly 1998 Adjustment of radar data on 15 July 1998
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Figure 2.17. Scatter plots of individual R* and G samples on 15 July 1998. Left: R and G samples for automatic
synoptic stationsis plotted. Right: R* and G samples are plotted for all comparisons. Prad=unadjusted radar
samples, ZRadj=adjusted radar samples.

The radar measures the meteorologica targets within avolume of ar a a certain dtitude above the
ground surface, but the raingauge measures only avery smal proportion of these particles, i.e. a
pixel representing 2x2 kn'f is compared with a point measure. The drop size distribution may have
changed until the rain hits the raingauge, and evaporation or precipitation growth may have taken
place (e.g. Audtin, 1987). The effect of updraufts and downdrafts can influence the accuracy of the
radar and raingauge comparison (Battan, 1976), and partialy and non-uniform beam filling
combined with reduced visbility may lead to consderable errors a longer ranges (Josset d.,
1995).

The plot shows, that the Z-R adjustment generaly resultsin adight increase in the radar totds, and
It has as effect that the radar do not underestimate the amount of rain. The corrdation anadyses
resulted in r’=0.79 (r=0.89) for the Z-R relation in the log domain, and the calculated Z-R relation
is Z=198R**. The standard error of the residuals (1xstandard deviation) is 3.86.

2.3.7 June 24™ 1999: Showers

Figure 2.18 shows two illudtrative examples of what the problem is about when adjusting radar
Images in case of showers. The precipitation pattern is scattered, but the showers were quite
heavy. Some raingauge stations got more than 10 mm of rain, and one station got about 23 mm
during the 24-hour period (Figure 2.19).
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Figure2.18. Ramg (left) and Sindal (right) radar images on June 24" 1999 at 15 UTC. Reddish blue indicates the
heaviest rain, and light blue is the weakest.

Infigure 2.19 is seen, that there is alarge scatter inthe G and R’ comparison, as expected,
because it is a Stuation with showers where the radar sample may not represent the Stuation at the
raingauge station, or the opposite. The corrdlation analyses resulted in r?=0.89 (r=0.94) for the Z-
R relaion in the log domain, and the calculated Z-R relation is Z=222R"*. The standard error of
the resduds (1xstandard deviation) is 3.13.

Adjustment of radar data on 25 June 1999

3 . Adjustment of radar data on 25 June 1999
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Figure 2.19. Scatter plots of individual R* and G samples on 25 June 1999. Left: R* and G samples for automatic
synoptic stationsis plotted. Right: R* and G samples are plotted for all comparisons. Prad=unadjusted radar
samples, ZRadj=adjusted radar samples.

During showers, there are often large horizontd variationsin therain rate, and there is an increased
risk that the radar over- and underestimates the total amount of rain. There seems to be a marked
difference between the GR comparison for automatic synop stations, and adl ationsincluding
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manua raingauge sations. The result for synop stations only is better than when dl sations are
included. The reason may be thet the raingauge a manua detionsis not emptied at exactly the
sametime. Thereis dso the risk that some of the manud stations represent accumulation over
more than one day, and that the value on a specific day is an estimated one.

2.3.8 August 5, 1999: Anaprop

During anaprop, the refraction of the radar beam causes it to be bended downwards more than the
curvature of Earth, and it hits targets on the ground randomly a nearly dl ranges. The result is
artificid radar precipitation amounts unless correction for this effect is applied. Methods exist for
dampening or remova of anaprap, but this requires careful filtering of the images, especidly
because anaprop and precipitation may appear in the same image.

Figure 2.20 shows severe anaprop in a Sindal image on August 5" 1999 a 6 UTC. The effect of
the terrain shows up as distinct echoes due to the coastal areas of Southern Norway, Sweden,
Zedand and Jutland. The scatter plot shows that something spuriousiis redly going on. The vaue
of F was 1479.9, which indicates heavy angprop according to the definition of F.

Adjustment of radar data on 5 August 1999
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Figure 2.20. Left: scatter plots of individual R* and G sampleson 5 August 1999. The R’ and G samplesare
plotted for all comparisons. Right: an anaprop contaminated radar image (Sindal radar image) on 5 August 1999
at 6 UTC. Reddish blue indicates the heaviest rain, and light blue is the weakest.

2.3.9 August 19", 1999: Heavy Precipitation

The area got widespread and heavy convective precipitation at places. As shown by the radar
images in figure 2.21, the precipitation was at the same time widespread a some places and
isolated at othersin form of smdler heavy showers.
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Adjustment of radar data on 19 August 1999 Adjustment of radar data on 19 August 1999
(plot for automatic stations)
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Figure 2.21. Scatter plots of individual R and G sampleson 19 August 1999. Left: R* and G samplesfor
automatic synoptic stationsis plotted. Right: R* and G samples are plotted for all comparisons.

Figure 2.22. Radar images from Rgmg (left) and Sindal (right) on August 19" 1999 at 6 UTC. Dark blue indicates
the heaviest rain, yellow and grey isthe weakest. Reddish blue indicates the heaviest rain, and light blue isthe
weakest.

The scatter plot in figure 2.21 shows the expected scatter between radar and raingauges, and the
spread around the identity line looks like a cone structure pointing towards the intersection
between the x- and y-axis. The correlation analyses resulted in r*=0.80 (r=0.985) for the Z-R
rdlation in the log domain, and the caculated Z-R rdlation is Z=475R**. The standard error of the
resduas (1xstandard deviation) is 6.00.

Due to the spatid differencesin the precipitation pattern, there are probably rather large
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differences in the drop size distribution in the rain area. The performance of raingauge adjustment
depends on the precipitation type (e.g. Koistinen and Puhakka, 1984, Jacquet, Andrieu and
Denoeux, 1987, Augtin, 1987), and the drop Size distribution governing the reflectivity factor may
show considerable spatial and tempord variations, even within the same rain area (Stout and
Mueller, 1968). The scatter plot suggest the possibility of this, because it seems that the radar is
overestimating for smal amounts of rain, but underestimating for large totals a the raingauge
stations.

Moreover, C-band radars are generaly sufficient for monitoring moderate precipitation events, but
for monitoring of heavy storms there would probably be no energy |eft in the radar beam for
detection of hydrometeors from the far Sde of the storm. This effect may aso have been affecting
the result of the radar and gauge comparison. For example, in the Sindal image in figure 2.22 the
southern edge of the rain area appears rather ambiguous, but the same edge found in the Remg
imageis very diginct and with much higher echo intengties.

R' versus R'(max), R'(min) and R'(stdev) for 9x9 pixel matrix
19 August 1999
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Figure 2.23.I1lustration of the small-scale spatial variation in radar precipitation amount within a 9x9 pixel matrix,
for which is shown the standard deviation (stdev), maximum value of R* (max) and minimum value of R* (min).

Toilludrate the problem of small-scae spatia variations in the radar amount of precipitation,
Figure 2.23 shows a scatter plot of the standard deviation, maximum and minimum vaue of the
radar total for a 9x9 pixel matrix Stuation around the raingauge location. The spatia dimension of a
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pixe is 2x2 knf. The spatia variations can be quite extensive, especialy for large values of the
radar tota in this specific weeather situation. For example, the pixel with the largest vaue of
R’'=28.0 mm, had variaions of R’ between 18.7 and 32.0 mm in the neighbour pixels. Therefore,
the raingauge adjustment could be improved if corrections for this effect isincorporated, e.g. by
resampling of the images.

These effects may argue for implementation of improvements of the adjustment scheme in order to
take the spatid variability of precipitation systemsinto account.

2.3.10 Conclusions and outlook

The andyses of anaprop lead to the conclusion, that estimation of F and using a threshold vaue
z=3 is a good method for identification of 24-hour image sequences probably contaminated by
anaprop. In few cases with a high vaue of F isolated showers may be present, but the amount of
precipitation should be limited in most cases. It is better to exclude anaprop days from the
cdculation of AMIS fidds than using spurious looking radar totas, even though smdl rain arees
may have been present.

When angprop and precipitation is present in the same image or during the accumulation period of
the raingauges, other angprop identification methods than the one supposed should be developed.
For example, satdlite information could help the identification of no-rain areas, or anayses of the
reflectivity distribution in radar images and andyses of the Polar data volume of the radar could
enter a correction method for reduction of the anaprop problem.

C-band radars are generdly sufficient in monitoring moderate precipitation events, but in heavy rain
storms there would probably be no energy left in the radar beam for detection of hydrometeors
from the far Sde of the sorm. On average, reflectivity will decrease with range due to the
increasing height of the radar beam. According to Kitchen and Jackson (1993) the underestimation
of ranfdl accumulations & longer ranges (>100 km) is mainly caused by a steep decline in
probability of detection and not so much by underestimation of the precipitation rate in each image.
The subsequent rainfal accumulation might be subject to sgnificant underestimation, and range
adjustments should be applied to improve the radar performance at long range.

Following Kitchen (1995), the poor understanding of the uncertainty in gauge adjustment does not
support a complex method. A wide range of Z-R relationships have been derived which generdly
Is ascribed to the naturd variability of drop-size digributions. This variability introduces one of
many errors and not the most severe a that.

The adjustment approach in this study focuses on correction of systematic errors on radar data in
the whole image. It does not assign red-time, or near red-time raingauge adjusments which may
vary over the radar image as demonstrated by Lord and Y oung (1994). Local adjustments based
on asmdl number if Z-R comparisons may cause the adjustment suface to vary in an unredigtic
manner because of atoo low number of degrees of freedom, and the effect of not representative
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samples would have a too big effect on the adjusment. The adjusment system could be
improvements by taking into account the variability of a precipitation system in a better way. On
the other hand, the adjusment systlem may have difficultiesin deriving rdiable modd parametersin
some events. |n homogeneous rain areas, the adjustment is quite stable, but in case of showers, or
different precipitation types in the same radar image, it may be difficult to derive confident
parameter vaues. |solated showers may pass the raingauge network and not monitored, and the
Image retains standard cdibration. If the precipitation types in the radar image are recognized and
appropriate Z-R adjustments are gpplied, the adjustment results could be better.

The effect of not representative samples can be reduced by usng many Z-R vaues in the same
ranfal system (Austin, 1987), and the scatter ketween the two measures can be reduced by
increasing the integration period. On the other hand, many samples do not remove the scatter in the
individua measurements (Zawadski, 1984).

The bright-band effect can have a subgtantid effect on the precipitation estimates in the beginning
of the growth season, and a method for correction of this effect could gain improvements of the
radar rain estimates.

Findly, the radar integration should take into account the velocity of a precipitation area. If the
integration of radar datais not treated correctly, the so-caled "fishbone" effect might gppear in the
integrated radar image (Bellon, Fabry and Augtin, 1991). From a hypotetical experiment, they
found that errors caused by an inproper accumulation procedure could be larger than those caused
by inaccurate Z-R rdions.

To sum up possibilities for improvements of the grid estimates:

Apply improved methods for angprop removal.

Implement improved estimation of radar totals.

Implement a bright-band correction method.

Implement correction for vertica reflectivity profile variaions.
Take into account the velocity of precipitation systems.
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3. Verification

3.1 Data

The objective verification has been done for the two growing seasons separately, i. e. for April 1 to
September 30 1998 and for April 1 to September 30 1999. For the radar derived 24 hour
accumulated precipitation and al the observation based 24 hour accumulated precipitation fidds,
the field data has been further dratified according to month. Resut are caculated for each month
for both years.

The raw radar data are subject to the same redtrictions as in phase |. Statistics for the amount

radar datais givenin the report ” Evauation of the AMIS Gridded Observations and Radar
derived 24-hour Accumulated Precipitation by Comparison with Climate — Grid Denmark Gridded
Observations’ phasel.

3.2 Verification Methods

All data fields are verified againg the Climate Grid - Denmark. For each matched grid point the
mean error (ME), the mean absolute error (MAE) and the root mean square error (RMSE) is
cdculated on monthly basis.

Contingency tableswith categories 0-0.05, 0.05-2, 2-6, 6-10 and 10-100 mm
precipitation/24hr for dl fields has been congtructed. The contingency tables for the growing
seasons are presented below. The contingency tables for each month are placed in appendices C
to J. Based on the contingency tables the hit rate (HR) and Hansson Kuipers skill index (HKSI)
are caculated for each grid point for every month in the growing seasons.

The maximum, the mean and the minimum vaue of the ME, MAE and HR vdues of dl the grid
points covering Jutland are presented in agraphical form for each month in the growing seasors.
Tables of dl the verification parameters are placed in appendix B.

3.3 Results: Increasing Number of Stationsin the Interpolation

3.3.1 1998

Table 3.1 shows for the whole growing seasons 1998 the contingency tables for the four
precipitation fields with the 25 observations in the interpolation at the top and then increasing the
number of observations downwards. The corresponding monthly contingency tables are placed in
the appendices.
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25 KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100|nedbgar
0 0.05 18331 1764 53 12 5

0.05 2 8991 15253 2552 122 16
2 6 116 2403 8000 1143 208
6 10 14 150 1420 2303 77
10 100 0 23 181 762 3067
mm nedbgar
62 KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100|nedbgar
0 0.05| 21483 1711 23 1 0
0.05 2 5950, 15763 1842 61 9
2 6 30 2050 9084 1026 107
6 10 0 65 1157 2605 654
10 100 0 5 99 650| 3303
mm nedbgar
87 KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100|nedbgar
0 0.05| 22437 1761 17 0l 0
0.05 2 5006 16031 1725 45 8
2 6 23 1760 9375 964 96
6 10 0 44 1010 2729 586
10 100 0 1 80 605 3383
mm nedbgar
126 KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100|nedbgar
0 0.05| 22800 1686 11 0 0
0.05 2 4652 16229 1698 37 7
2 6 15 1648 9472 956 80
6 10 0 33 955 2766 565
10 100 0 2 68 583 3421
mm nedbgar

Table 3.1 Contingency table for April 1% 1998 to September 30" 1998.

The vaduesin the off-diagond elements representing ether over- or underestimation of the
precipitation amount compared to Climate-Grid are quit large, when only 25 observations are used
in the interpolation. However aready with 62 observations used, these vaues has dropped
sgnificantly. Increasing the number of observations further to 87 and 126 continues to reduce the
vaue of the off-diagond dements but a a much dower rate. The vauesin the diagond ements
representing the correct categories of cause increase correspondingly especialy for small amounts
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of precipitation. 87 observations seems to be close to an optimum amount of observations judged
from contingency tables.

Figure 3.1 show curvesfor the ME (a), MAE (b) and HR (c) verification measures for each morth
in the growing season 1998. The blue curves is caculated with 25 observations, the red curve with
62 observations, the yelow curve with 87 observations and the green curve with 126 observations
in theinterpolation. Finaly the operational AMIS s represented by ablack curve. For each
verification measure three sets of diagrams are shown one for the minimum vaue, one for the mean
vaue and one for the maximum vaue al taken over al grid points in the month.
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Figure 3.1b. M A E. Minimum, mean and maximum.
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Figure 3.1c. HR. Minimum, mean and maximum.

Theminimum M E decreases as the number of observations in the interpolation increases and with
87 and 126 observations the minimum ME is closer to zero than the operational AMIS at that
time. The mean M E has become positive for some of the months in the growing season epecialy
July. The mean M E has been improved significantly though with only smal improvements going to
87 and 126 observations in the interpolation. The large maximum ME in September in the
operationa AMIS is reduced from more than 3.5 to around 1. The large maximum ME in the
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operational AMIS was due to a reported precipitation amount of 14 mm/12hr September 9" at
18:00 UTC at station Baga (06111), see phase | report. This station was not used in the 25 tation
sample explaining why the maximum ME even in this caseis smdl. However the Bége station is
included in the samples with more observations and the wrong observation is thus suppressed by
the larger amount of the other more correct observations.

The MAE is decreasing for both minimum, mean and maximum vaues as the number of
observations in the interpolation is increasing, with the minimum vaue having the largest decrease
and maximum vaue the smallest decrease, except again in September, where Baga obsarvation
gives alarge maximum MAE in the operationa AMIS. All together a Significant improvement again
with no sgnificant difference between 87 and 126 observations in the interpolation.

TheHR isincreasng for both minimum, mean and maximum values as the number of observations
in the interpolation is increasing, with the minimum vaue having the largest increase and maximum
vaue the smallest increase but with maximum hit rate around 100%

Figure 3.2 show the mean of the MAE for dl months as function of the number of observationsin
the interpolation. The curve illudtrates the aready mentioned small different between 87 and 126
observations in the interpolation indicating that 87 observations is close to an optima number of
observations. Adding further observations will not improve the results significantly.

1998

MAE
0.9
0.85 ‘\
0.8
N
0.75 AN

0.7
N

0.65
0.5
0 20 40 60 80 100 120 140

Figure 3.2 MAE absolute error as function of the number of observations used in the interpolation.
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3.3.2 1999

Table 3.2 shows for the whole growing seasons 1999 the contingency tables for the four
precipitation fields with the 25 observations in the interpolation at the top and then increasing the
number of observations downwards. The corresponding monthly contingency tables are placed in

the appendices.

25 KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100|nedbgar
0 0.05] 25251 1111 29 9 3

0.05 2 8266 10521 1658 100} 47
2 6 75 2046 6144 1409 297
6 10 1 126 1490 2489 1075
10 100 0 58 361 1173 3901
mm nedbgar
62 KLIMA 0 0.05 2 6 10lmm
AMIS 0.05 2 6 10 100|nedbgar
0 0.05] 28967 1115 35 9 4
0.05 2 4623 11126 1381 79 30
2 6 33 1557 6726 1119 165
6 10 0 56 1329 2933 802
10 100 0 22 209 1039 4322
mm nedbgar
87 KLIMA 0 0.05 2 6 10lmm
AMIS 0.05 2 6 10 100|nedbgar
0 0.05| 29794 1207 26 2 0
0.05 2 3801 11229 1295 73 28
2 6 21 1370 6993 1053 149
6 10 1 50 1219 3110] 794
10 100 0 16 144 939 4352
mm nedbgar
126 KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100|nedbgar
0 0.05| 30259 1181 24 3 0
0.05 2 3331 11335 1329 77 33
2 6 31 1313 7050 1041 121
6 10 1 57 1147 3153 793
10 100 0 10 128 906 4376
mm nedbar

Table 3.2 Contingency table for April 1% 1999 to September 30™ 1999.

44
I\Home\WV\UDVIKL\BICHEL 2\ ADM\report\AMIS RADAR PRECIP OG APP-A.DOC



Also this year the vaues of the off-diagond e ements decrease as the number of observationsin the
interpolation isincreased. The tendency is however not so pronounced as in the growing season

1998.

Figure 3.3 isamilar to figure 3.1 showing curves for the ME, MAE and HR but here for each
month in the growing season 1999. Colours and line types are smilar to figure 3.1.

Also these verification measures show the same pattern as those of 1998.

The peak in the operational AMIS September 8" is due to a reported precipitation amount of 34
mm/24hr a 06:00 UTC at station Borris 11 (05410). This peak is being suppressed as the number
of more correct observationsis added in the interpolation.
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Figure 3.3c. HR. Minimum, mean and maximum.
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Figure 3.4 show the mean of the MAE for al months as function of the number of observationsin
the interpolation for 1999 and is Smilar to figure 3.2 for 1998. This year 62 observations seemsto
be close to an optima number of observations.

1999 MAE

1.2

11
) AN
0.9 \
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Figure 3.4 MAE absolute error as function of the number of observations used in the interpolation.

3.4 Results; Radar

In phase | it has been demondtrated, that the overdl Satistical verification measure for the radar
derived 24-hour accumulated precipitation are not as good as those for the operationa AMIS.
The reason for this was partly due to angprop and the use of raw uncalibrated radar data. Theam
of phase Il isto correct the radar data for anaprop errors and to adjust the radar derived 24-hour
accumulated precipitation to get overd| satistica verification measures comparable to AMIS. The
results of this part of the phase I study are presented for the growing season 1999 first, because
this year had 26 days with anaprop whereas 1998 had only 2, see chapter 2.3.3. The adjustment
has been performed using SY NOP (automatic) observations only since the observations reported
daily on phone had ardative poor correspondence with the radar derived precipitation

34.1 1999

Fgure 3.5 show curves for the ME (a), MAE (b) and HR () verification measures for each month
in the growing season 1999. The blue curve is the result from phase |. The red curve shows the
verifications measures after angprop days has been put equa to 0. In 1999 as mention the number
of dayswith anaprop is 26, see chapter 2.3.3. The green curve shows the verifications measures
when the anaprop days has been put equal to 0 and the radar derived precipitation has been
cdibrated using the method described in chapter 2.3.4. The yellow curve shows the verifications
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measures after adjustment of the radar derived precipitation and dimination of dayswith alarge
differencein the precipitation sum. Thisis done by removing day with F > 10 the ratio of radar
derived precipitation sum to observed precipitation sum(see chapter 2.3.3), The result is that some
dayswill be diminated even if it is not a day with anaprop but just a bad day. The method will
however also remove days with anagprop so a separate anaprop procedure is unnecessary.

Finally the operationa AMIS s represented by a black curve. For each verification measure three
sets of diagrams are shown one for the minimum vaue, one for the mean vaue and one for the
maximum value dl taken over dl grid pointsin the month.
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Figure 3.5a. ME. Minimum, mean and maximum.
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Figure 3.5b. M A E. Minimum, mean and maximum.
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Figure 3.5c. HR. Minimum, mean and maximum.

The minimum ME vaues are not changing much for any of the four radar derived precipitation
fields. Thisismore or less expected since anaprop correction and calibration will have the largest
impact on the largest differences from the true (Climate- Grid Denmark)
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The mean ME is somewhat better with anaprop correction than without and even more when
adjusment is performed. The method with adjusted radar derived precipitation and eimination of
bad days has improved the mean ME so thet it is comparable with the operationad AMIS Thisis
aso the Stuation for the maximum ME, where the method with adjusted radar derived precipitation
and dimination of bad days reduces the maximum ME of 10 reached for the anaprop correction
and adjustment (green curve) to about 4, which is just above the operationa AMIS,

The minimum MAE for the angprop corrected field is no better than without the correction.
Adjusted and anaprop corrected field (green curve) and the field from the method with adjusted
radar derived precipitation and elimination of bad days are both closer to the operationd AMIS
than the unadjusted fidlds especidly in June, with the adjusted and angprop corrected field being
the best. However the method with adjusted radar derived precipitation and eimination of bad
daysthough is till comparable to the operational AMIS.

The anaprop corrected field reduces the mean MAE compared to the origind field, but again here
the adjusted and anaprop corrected field and the field from the method with adjusted radar derived
precipitation and elimination of bad days are both comparable to the operational AMIS, with the
adjusted and anaprop corrected field being the best.

The same pattern is seen for maximum MAE except here the fied from the method with adjusted
radar derived precipitation and elimination of bad days is much better than the adjusted and
anaprop corrected field in April and September. thisis the reason why the method with adjusted
radar derived precipitation and dimination of bad days was introduced. This method e iminates
some daysin April and September, which has precipitation sum very different from the SYNOP
observations and these days therefore, as seen, verify very bad.

For the minimum HR the anaprop corrected field is very close the operationd field. The
adjusted and anaprop corrected field and the field from the method with adjusted radar derived
precipitation and eimination of bad days are not that close to the operationd AMIS, but il
somewhat better than the origind fidd.

For the mean and maximum HR the adjusted and anaprop corrected field and the field from the
method with adjusted radar derived precipitation and eimination of bad days both has ahigher HR
than the operationd AMIS, except in April and July for the mean where the fidd from the method
with adjusted radar derived precipitation and dimination of bad daysis dightly smdler than the
operational AMIS.

3.4.2 1998

Figure 3.6 issmilar to figure 3.5 curves for the ME (8), MAE (b) and HR () verification measures
for each month, but for the growing season 1998. As mentioned before only 2 days had anaprop
detected, thusit has no meaning showing the red curves representing an angprop corrected field
only (red curvesin figure 3.5).

48
I\Home\WV\UDVIKL\BICHEL 2\ ADM\report\AMIS RADAR PRECIP OG APP-A.DOC



ME, min ME, mean ME, max
0.00
0.60 A 14.00 — No calibration
-0.50 0.40 12.00
-1.00 — 0.20 7 10.00 — Calibrated,
-1.50 -7'_ — 7( — 0.00 vi /\ A 8.00 _/\ anaprob days =0
] 71 ] — [~
-2.00 020 T 6.00 T~ Calibrated with
-2.50 \—7 -0.40 4.00 1 \ factor
-3.00 -0.60 2.00 L - - /— == Operationel
-3.50 -0.80 0.00 T T T
Apr May Jun Jul Aug  Sep Apr May  Jun Jul Aug Sep Apr May Jun Jul Aug Sep
Figure 3.5a. ME. Minimum, mean and maximum.
MAE, min MAE, mean MAE, max
0.70 1.80 14.00 ¥ :
0.60 \\ 1.60 12.00 No calibration
1.40 '
0.50 +— — N
T~ 1.20 '—\ ! / = \\ 10.00 Calibrated,
0.40 = =
\ /] égg l, N 8.00 anaprob days =0
0-30 \\\ - — (|| ve0 6.00 Calibrated with
. A 4 ya fact
0.20 4.00 — 7 actor
0.40 L~ -
010 0.20 2.00 - ~ == Operationel
0.00 0.00 0.00
Apr May Jun Jul Aug Sep Apr May  Jun Jul Aug  Sep Apr May Jun Jul  Aug Sep
Figure 3.5b. M A E. Minimum, mean and maximum.
HR, min HR, mean HR, max
84512 oo | | | | 120 No calibrat
. 0.70 i, < — | | | ‘ | — No calibration
0.40 —= P — 1.00 | ‘
/ 0.60
0.35 >
/ T 0.50 0.80 Calibrated, anaprob
0.30 / o~ days =0
0.25 P — 0.40 0.60
0.20 0.30 Calibrated with factor
0.40
015 0.20
0.10 0.20 == Operationel
0.05 0.10 perationel
0.00 0.00 0.00
Apr May  Jun Jul Aug Sep Apr May  Jun Jul Aug  Sep Apr May Jun Jul Aug Sep

Figure 3.5c. HR. Minimum, mean and maximum.

Generdly the improvements for the growing season 1998 are not as significant as they werein the
growing season 1999. this partly due to the small number of anaprop daysin 1998, but dso a
yearly variance in the performance. On the other hand are the performance in 1998 comparable
or sometimes better than in 1999, which then is difficult to improve further.

However 1998 show ardative bad verification in May.

The minimum ME has nat changed much from the origind field. The mean and maximum ME are
comparable with the operationa AMIS except in May. Thisis due to some days with very large
radar derived precipitation at afew grid points which is not found in the dimate-grid Denmark.
They result in alarge ME vaue at these grid points which gives alarge maximum ME and some
influence on the average ME. If these grid points are removed the maximum and mean ME in May
would smaller. However it should be remembered, that Climate-Grid Denmark is not the exact
true precipitation.
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The minimum MAE isimproved especidly in August and September. The mean MAE israther
constant and better than 1999 and comparable with the operational AMIS except again in May.
The same isthe Stuation for the maximum MAE.

All hit rates are better than the operationd AMIS again except in May for the minimum and mean
HR, though not very much for the mean HR.
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4. Conclusions

Increasing the number of observationsin the interpolation will improve the resolution of fine
sructure of the precipitation pattern. this was clearly demonstrated during the case studies. These
adso indicated that only smal improvements results from increasing the number observationsin the
interpolation beyond 90. This concluson was further supported from the overall Satistica
verification measures. The reduction of MAE islarge going from 25 observationsto 87
observations used in the interpolation, whereas only minor improvements results from further up to
126 observations, chapter 3.3. Thus 90-100 observations for Jutland seems to be akind optimal
number of observation. this corresponds to mean distance between observing stations of about 20
km.

The second aim of this project was to enhance the performance of radar derived precipitation so
the overal satistica verification measures would be comparable to the operationd AMIS vaues.
It has been shown in chapter 3.4 that this could best be done by first using the adjustment
procedure outlined in chapter 2.3.4 and then exclude days with large ratios of radar derived
precipitation sumsto observationa precipitation sums for the whole area. Then both days with
anagprop and days when the radar performs badly are excluded. The separate anaprop anaysis
outlined in chapter 2.3.3 is then not necessary.

Using these techniques the overdl gatistica measures becomes comparable to the operational
AMIS. It should however be mentioned that one has to rely on other data sources the days the
derived precipitation fields are excluded.

Some further possbilities for improving the radar derived precipitation are outlined in chapter
2.3.10
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Appendix A

A brief explanation of errorson weather radar data
In the following, important sources of error on radar datawill be briefly explained and discussed.

Clutter and anomal ous beam propagation (anaprop):

Clutter which is reflection of the radar beam from ground targets close to the radar is dways more
or less present in a radar image. In gable westher conditions temperature and vapour inversons
may be present causng the radar beam to be refracted more than the curvature of Earth.
Therefore, the beam hits ground targets at random radar ranges and artificia precipitation patterns
are seenin the image (anaprop).

The bright-band effect:

If melting snow is present at leve the reflection of the beam can be enhanced by up to afactor of 5
due to the fact, that the backscatter cross section of the hydrometeor becomes larger because of a
coverage of athin water film on the melting show. The rain rate is unchanged but the radar echo
increases. As noted by Smith (1990) it is not so complicated to recognise a bright-band in
dratiform precipitation as it is in convective. For correction of the bright-band effect, the radar
must have the necessary spatid resolution to resolve the bright-band layer. Thisis possble for the
Sindd and Ramg radars and the newly instdled radar at Stevns.

Beam attenuation due to hydrometeors and atmosphere:

If mdting snow, hail or ground clutter is present, incorrect values for atenuation correction will be
gpplied to the bins causing errors in the output (Callier, 1989). For example, the correction for
atenuation due to hal is s0 unrelidble that the derived rain rates cannot be used with any
confidence, because for a C band radar, dry hail causes large reflectivities but smdler atenuation
than rain. However, if hal less than some specific diameter is coated with a thin film of water the
attenuation increases (Battan, 1973).

Beam power losses at range and beam filling conditions

At increasing range the volume of the polar bin increases. The spatid distance between the Polar
bins increases with range and the resampling becomes more inaccurate a longer range. At range
beam filling conditions may not be fulfilled and, together with smdl scae variability of precipitation,
the radar echo may not be representative of the precipitation conditions within the distant Polar
bins. The radar measures the meteorologica targets within avolume at a certain dtitude above the
ground surface. The problem increases with range, and for example, beam filling combined with
reduced vishility can play an important role at longer ranges (Joss et d., 1995).

A rule of thumb is thet closer to the radar than 100- 150 km data can be used quantitatively, but at

large ranges it can most often only be used quditatively unless data are corrected for range related
sources of error which can improve results to a certain extent.

Appendix A-1



Vertical reflectivity profile variations and beam overshooting

At increasing range from the radar, the vertica distance between the sampling volume and the
ground surface usudly increases, and serious errors may arise from the variations in the vertica
reflectivity profile. For example, below the radar beam the rain rate may change due to low leve
evaporation in a dry amosphere, low growth in a moist atmosphere or orographic growth due to
locdl terrain effects.

At long range, overshooting of the radar beam can cause no detection of precipitation areas, but
aso, missng radar samples a low dtitudes may lead to a strongly underestimated rain rate. The
overshooting problem is especidly important in winter where the vertica extent of snowfal echoes
are often less than 2 km above the ground.

When the radar beam is passing near the top of the precipitation layer the reflectivity fluctuations
are not wdl corrdated with the changes in the rain rate near the ground. In fact, Kitchen and
Jackson (1993) discussed that the underestimation of rainfall accumulations at longer ranges (>100
km) is mainly caused by a steep decline in probability of detection, i.e. detection failure, and not so
much by underestimation of the precipitetion rate.

Rain gauge adjustment

Following Joss and Wadvogd (1987) that corrections for al known systemétic errors on radar
data should be applied before any rain gauge adjustment. And redlly, something can be done to
nearly dl, and a least to the most important errors. On the other hand, raingauge adjustment must
be done carefully because of the different nature of radar and raingauge measurements; radar data
are an ingant volume measure and rain gauging is a point measure of accumulated precipitation.
The representativity problem can affect the comparison and has to be considered. Statistical
methods for comparison can to some extent eiminate, or a least reduce, the effect of this problem.

In order to use radar for measuring rainfdl intensty R, mogt investigators have employed an
empirical expresson of the generd form Z=AR® where A and b are constants. The relationship
between Z and R is affected by various physical processes. Spatid and tempord variations of rain
rate will affect the radar and rain gauge samples differently, and, unless treated, it will affect the
raingauge adjustment. By experience it is known that the effect of not representative samples can
be reduced by usng many Z-R vauesin the same ranfdl system (Austin, 1987), but on the other
hand many samples do not remove the scatter of the individua samples (Zawadski, 1984).

Variationsin the drop size distribution

The rain gauge measurements are affected by the aerodynamic error and shelter effect and, if the
wind speed is high, it must be dedlt with before rain gauge adjustment. The magnitude of the error
on the adjussment when fixed congtants in the ZR equation is used depends on how much the
drop size digtribution of the actud rainfdl deviates from the drop size didtribution assumed in the
equation. In this pilot study it is the Marshdl and Palmers equation, thus spatid and tempora
vaiations in rain rate can afect the results. This argues for an adjustment based on pardld rain
gauge and radar measures.
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Appendix B Tableswith the overall statistics for 1998 and 1999

The verifications parameters are cad culated for each of the grid point covering Jutland on monthly basis.
Minimum, maximum vaues of dl the grid points are presented below together with the average values over
al grid points covering Jutland. Minimum, maximum and average vaues for the whole growing season is

a so presented.
1998 25 Obs ME MAE RMSE HR HES1 1998 B2 Obs WE MAE RMSE HR HESI
hlr Apr -0.580 0.1 0.22 0.50 0300 MM Apr 079 0.09 0.21 0.53 0.39
May -1.05 0.07 0.14 0.48 0.22 May 059 0.04 0.08 0.61 0.35
Jun -2.46 0.16 0.31 0.50 0.33 Jun -1.49 0.07 0.19 0.57 0.37
Jul -1.26 0.26 0.47 0.35 017 Jul -0.596 0.08 0.15 0.42 0.23
Aug -0.856 0.13 0.27 0.39 0.17 Aug 083 0.03 0.06 0.42 0.28
Sep -1.12 0.1 0.20 0.37 0.13 Sep -1.14 0.05 0.09 0.47 0.27
All -0.61 0.14 0.37 0.52 0.35 All -0.61 0.07 0.16 0.60 0.45
A Apr 1.64 2.00 4.30 0.97 0.96] max Apr 1.76 1.95 3.88 1.00 1.00
May 0.70 1.33 4.05 0.97 0.97 May 0.65 1,35 3.91 1.00 1,00
Jun 0.83 285 715 0.97 0.95 Jun 0.82 22 5.00 1.00 1.00
Jul 233 257 726 0.0 0.87 Jul 1.82 2583 7.25 1.00 1.00
Aug 075 1.54 3.43 1.00 1.00 Aug 072 1.51 3.43 1.00 1.00
Sep 1.02 2.08 4.68 0.93 0.91 Sep 1.04 2.00 5.40 1.00 1.00
All 0.75 1.54 3.43 0.92 0.90 All 0.54 1.31 3.15 0.96 0.93
MEAN Apr 0.09 0.81 1.45 072 0.62|MEAN Apr 0.06 0.63 1.17 078 0.70
hay 0.00 0.46 1.1 0.74 0.62 hlay 0.02 0.35 0.87 0.52 0.73
Jun -0.04 0.93 1.95 0.72 0.63 Jun -0.06 0.71 1.62 0.79 0.71
Jul 0.31 1.34 2.64 0.66 0.55 Jul 0.16 0.99 1.89 074 0.66
Aug 0.03 0.75 1.44 0.8 0.56 Aug 0.07 0.59 1.14 075 0.66
Sep 0.05 0.5 1.65 0.65 0.54 Sep 0.03 0.65 1.29 075 0.67
All 0.06 0.536 1.89 0.59 0.59 All 0.05 0.65 1.44 0.77 0.59
25 and 62 observations in the interpolation 1998
1998 87 Obs ME MAE RMSE HR Hi S 19598125 Obs ME MAE RMSE HR Hi S
MM Apr -0.77 0.08 0.15 0.50 0.35[MIM Apr -0.85 0.07 017 0.57 0.42
May -1.00 0.03 0.07 0.55 0.30 May -1.04 0.02 0.04 0.55 0.28
Jun -1.52 0.06 0.13 0.60 0.44 Jun -1.61 0.07 0.13 0.57 0.37
Jul -1.00 0.13 0.3 0.48 0.28 Jul -0.94 017 0.35 0.48 0.28
Aug -0.99 0.02 0.05 0.45 0.28 Aug -0.64 0.05 0.10 0.52 0.36
Sep -1.05 0.04 0.08 0.47 0.27 Sep -1.06 0.04 0.07 0.47 0.28
All -0.61 0.08 0.21 0.62 0.50 All -0.39 0.08 0.24 0.63 0.50
[ Apr 1.53 1.70 374 1.00 1.00) hMAK Apr 1.36 1.54 3.08 1.00 1.00
May 0.66 1.36 4.04 1.00 1.00 May 0.64 1.39 399 1.00 1.00
Jun 0.54 229 4.81 1.00 1.00 Jun 0.60 2.08 4.80 1.00 1.00
Jul 1.81 251 7.22 1.00 1.00 Jul 1.77 2.44 7.02 1.00 1.00
Aug 0.75 1.46 3.44 1.00 1.00 Aug 0.79 1.47 3.23 1.00 1.00
Sep 0.50 1.83 491 1.00 1.00 Sep 0.78 1.61 463 1.00 1.00
All 0.46 1.22 3.14 0.97 0.94 All 0.40 1.11 3.05 0.96 0.94
MEAN Apr 0.05 0.56 1.04 0.80 0.73[MEAN Apr 0.03 0.53 0.98 0.81 0.74
May 0.00 0.32 0.81 0.84 0.75 May 0.0 0.30 0.79 0.85 0.76
Jun -0.06 0.64 1.39 0.82 0.75 Jun -0.07 0.61 1.33 0.82 0.76
Jul 0.10 0.87 1.65 0.77 0.70 Jul 0.07 0.83 1.57 0.78 0.71
Aug 0.04 0.54 1.08 0.78 0.69 Aug 0.05 0.51 1.01 0.79 072
Sep 0.03 0.58 1.16 0.78 0.71 Sep 0.0 0.53 1.08 0.79 072
All 0.03 0.58 1.30 0.50 0.72 All 0.01 0.55 1.24 0.81 0.74

87 and 126 observations in the interpolation 1998
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1959 26 Obs MWE W1AE RMSE HR HKSI 19599 52 Obs MWE MAE RMSE HF HKSI
hlM Apr 0.51 012 0.24 0.40 0.14|MIN Apr -0.428 0.10 0.18 0.53 0.36
tlay -0.83 0.10 0.23 0.52 0.28 ETS -0.84 0.08 0.15 0.61 0.458
Jun -2.18 0.29 0.46 0.27 0.07 Jun -1.82 017 025 0.50 0.37
Jul -1.35 0.19 0.45 0.35 0.08 Jul -0.95 012 0.24 0.52 0.32
Aug -2.26 0.28 0.59 0.42 0.22 Ay -1.92 0.25 0.50 0.48 0.31
Sep -1.67 0.20 0.43 0.37 0.16 Sep -1.53 020 0.31 0.50 0.33
All -0.52 0.23 0.58 0.45 0.27 All -0.55 0.17 0.35 0.63 0.52
Tl Apr 0.57 1.56 3.02 1.00 1.00) WK Apr 0.45 077 1.73 1.00 1.00
Wlay 0.69 1.55 5.36 0.94 0.92 ay 0.45 1.26 5.43 1.00 1.00
Jun 3.27 393 8.72 0.83 0.93 Jun 1.43 2.49 712 1.00 1.00
Jul 1.46 292 5.97 0.97 0.95 Jul 0.89 1.55 5.10 1.00 1.00
Aug 1.20 5.04 12.45 0.83 0.91 Aug 1.13 3.20 12.01 0.94 0.92
Sep 2.33 3.87 7T 0.93 0.93 Sep 1.86 2.89 6.28 1.00 1.00
All 1.28 2.97 5.48 0.52 0.89 All 0.50 1.36 5.34 0.94 0.92
WIEAN Apr 0.05 0.56 1.13 0.69 0.59|MEAN Apr 0.08 0.40 0.80 077 070
May 0.04 0.55 1.26 0.73 0.65 May 0.02 0.39 092 0.81 0.75
Jun 0.18 1.44 254 0.66 0.58 Jun 0.05 1.08 1.91 0.74 0.68
Jul 0.03 0.95 2.10 0.73 0.62 Jul 0.07 0.70 1.59 0.80 0.72
Aug 0.02 1.56 3.28 0.63 0.52 Aug 0.03 1.09 2.3 0.71 0.63
Sep 0.29 1.40 275 0.66 0.57 Sep 0.13 0.99 2m 076 070
All 0.10 1.08 2.43 .65 0.59 All (.06 0.78 1.78 0.77 0.70
25 and 62 observationsin the interpolation 1999
199987 Obs WE MAE RMSE HR HiSI 1999126 Obs IE WAE RMSE HR HIS
[l Apr -0.44 0.09 0.17 0.53 0. 400N Apr -0.48 0.06 0.12 0.53 0.36
May -0.79 0.08 0.14 0.65 0.51 May -0.78 0.06 0.10 0.65 0.50
Jun -1.89 0.20 0.31 0.50 0.42 Jun -1.86 0.24 0.36 0.50 0.40
Jul -1.02 0.16 0.34 0.558 0.43 Jul -0.56 0.1 0.23 0.52 0.30
Aug -1.85 0.32 0.58 0.52 0.36 Aug -1.87 0.32 0.52 0.55 0.36
Sep -1.51 0.19 0.36 0.53 0.38 Sep -1.64 0.14 0.30 0.57 0.41
All -0.56 0.20 0.39 0.57 0.55 All -0.63 0.17 0.43 0.58 0.57
iy Apr 0.45 077 1.76 1.00 1.00] rti Apr 0.47 0.76 1.85 1.00 1.00
May 0.41 1.32 5.49 1.00 1.00 ay 0.42 1.26 5.36 1.00 1.00
Jun 1.33 281 7.44 0.7 0.87 Jun 1.20 273 759 0.87 0.96
Jul 0.75 1.56 5.01 1.00 1.00 Jul 0.80 1.57 467 1.00 1.00
Aug 0.87 3.04 12.03 0.97 0.95 Aug 0.85 3.07 12.25 0.94 0.92
Sep 1.60 212 4.84 1.00 1.00 Sep 1.45 1.92 4.32 1.00 1.00
Al 0.51 1.31 5.34 .23 0.90 All .45 1.37 5.41 0.91 .59
MAEAN Apr 0.06 0.38 0.77 0.79 0.7 2|MEAN Apr 0.06 0.38 077 0.79 0.72
MWlay 0.0 0.37 0.87 0.583 077 tlay 0.02 0.37 0.87 0.83 0.78
Jun 0.04 1.04 1.84 0.75 0.69 Jun -0.03 1.04 1.86 0.75 0.70
Jul 0.05 0.67 1.52 0.81 074 Jul 0.04 0.64 1.46 0.82 0.75
Aug -0.02 1.02 213 0.72 0.64 Aug -0.04 1.00 2.1 0.72 0.65
Sep 0.039 0.93 1.89 0.78 072 Sep 0.03 0.0 1.82 0.79 0.73
Al 0.04 0.73 1.68 0.78 0.72 All 0.01 0.72 1.66 0.78 0.72

87 and 126 observations in the interpolation 1999
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No calibration

Mo calibration, anaprob days =10

1993 MWME WAE RMSE HR HISI 1993 WE WAE RMSE HR HKSI
MIN Apr -1.94 0.63 0.97 023 -0.05|MIN Apr -1.94 0.63 0.97 0.23 -0.05
tlay 0.92 0.1% 0.358 018 -0.14 tlay 0.92 018 0.358 0.26 -0.05
Jun -3.08 0.3z 0.58 0.33 0.08 Jun -3.08 0.3z 0.58 0.33 0.08
Jul -2.05 0.4% 078 0.30 .09 Jul -2.05 0.4% 078 0.30 0.0%
Aug -1.87 0.47 0.81 0.27 0.0z A -1.87 0.47 0.81 0.Z7 0.0z
Sep -1.92 0.35 0.60 028 0.oo Sep -1.92 0.35 0.60 028 0.0o
All -1.33 0.55 1.62 0.45 0.15 Al -1.33 .85 1.62 0.45 0.16
Il A Apr 256 378 g.57 073 0.64] Mt Ax Apr 256 378 g.57 073 0.64
May 753 8.2k 2231 0824 0.8z lay 7.31 8.04 2228 054 0.8z
Jun 272 4.08 14.25 0.85 0.80 Jun 272 4.08 14.25 0.85 0.80
Jul 1.26 343 5.24 0.83 077 Jul 1.26 343 5.24 0.83 077
Ay 210 337 2.71 0.81 0.62 Al 210 337 2.1 0.81 062
Sep 0.47 264 5.53 0.858 078 Sep 0.47 264 5.53 0.88 078
All 1.55 3.06 10.37 0.71 0.55 All 1.42 2.93 10.36 0.71 0.56
MEAN Apr 014 1.66 3.08 0.51 0.34|MEAMN Apr 014 1.66 3.08 0.51 0.34
Way 0.50 1.23 3.00 0.62 0.35 Wlay 0.34 1.07 2,89 0.65 0.37
Jun -0.05 1.36 2588 0.B5 0.50 Jun -0.05 1.36 258 0.65 0.50
Jul -0.57 1.48 273 0.58 0.44 Jul -0.57 1.458 273 0.58 0.44
Ay -0.59 1.35 269 0.56 0.35 Ay -0.59 1.35 269 0.56 0.35
Sep 0.72 1.05 2.09 0.64 0.43 Sep 0.72 1.05 209 0.64 0.43
All 0.23 1.36 3.07 0.55 0.40 All -0.26 1.34 287 0.60 0.40
Radar derived precipitation 1998, origina phase |, origind phase | with anaprop correction
Calibrated, anaprob days =10 Calibrated with factor
1998 ME MAE RMSE HR HiSI 1998 ME MAE RMSE HR HiSI
MM Apr -2.18 0.51 0.75 0.26 -0.07 MM Apr -2.28 0.53 0.77 0.23 -0.13
May -0.58 0.22 0.39 0.3 013 May -1.25 0.24 0.41 0.29 0.09
Jun -3.04 0.3 0.49 0.37 0.22 Jun -3.28 0.33 0.50 0.40 0.24
Jul -1.88 0.47 0.66 0.40 0.16 Jul -1.95 0.49 067 0.41 017
Aug -1.10 0.24 0.55 0.38 0.18 Aug -1.20 0.26 0.54 0.42 0.20
Sep -1.73 0.29 0.57 0.42 017 Sep -1.89 0.3 0.59 0.41 0.18
All -1.27 0.69 1.25 0.42 0.26 All -1.41 0.72 1.30 0.44 0.27
[ Apr 2.03 247 B.24 0.87 0.84] MAK Apr 213 2459 5.38 0.86 0.83
May 12.12 12.19 31.82 0.97 0.95 May 7.18 727 276 1.00 1.00
Jun 263 3.38 13.06 0.93 0.91 Jun 2.84 365 13.57 0.92 0.93
Jul 1.74 2459 567 0.93 0.90 Jul 1.80 266 577 0.93 0.90
Aug 261 3.51 10.25 0.92 0.91 Aug 1.82 21 3.78 1.00 1.00
Sep 1.32 269 764 0.92 0.91 Sep 1.44 293 7.98 0.95 0.95
All 273 3.48 14.16 0.79 0.70 All 1.33 2.15 9.04 0.50 0.72
MEAN Apr -0.20 1.27 235 0.62 0. 48| MEAN Apr 0.23 1.30 235 0.62 0.43
May 0.53 1.07 265 0.65 0.54 May 0.18 093 216 0.66 0.54
Jun -0.07 1.15 247 0.69 0.58 Jun 014 1.18 242 0.69 0.58
Jul 0.0o0 1.23 240 0.65 0.56 Jul 0.0o0 1.27 244 0.67 0.56
Aug 0.0z 057 2.00 0.66 0.53 Aug 012 050 177 0.7o 0.58
Sep -0.06 0.83 1.89 0.74 0.63 Sep -0.07 057 197 0.73 0.62
All 0.05 1.10 260 0.67 .55 All -0.06 1.10 2.44 .65 (.56

Radar derived precipitation 1998, adjusted radar and anaprop correction, factor calibration
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1999
(L}

hAX

MEAMN

1998
BN

AKX

MEAN

No calibration

Mo calibration, anaprob days =0

il = WIAE RMSE HR HI<SI 1999 WE WIAE RIMSE HR HI<S|
Apr -2.16 0.20 0.36 0.29 -0.06]mMIN Apr -2.16 0.20 0.36 0.35 0.00
Way -1.51 0.26 0.48 0.28 -0.01 Mlay -1.59 0.25 0.40 0.44 0.08
Jun -3.60 0.64 1.03 0.38 0.14 Jun -3.60 0.64 1.03 0.358 0.14
Jul -3.29 0.46 0.91 0.19 -0.01 Jul -3.32 0.44 091 0.42 0.07
Aug 525 0.52 0.584 0.19 -0.08 Aug 5.25 0.51 0.84 0.24 -0.03
Sep -3.61 0.54 1.04 0.29 0.12 Sep -3.62 0.54 1.04 0.43 0.16
All =277 0.61 1.24 0.37 0.09 All -2.78 0.60 1.24 0.45 0.17
Apr 5.15 5.32 18.05 0.86 0.7 3 AR Apr 3.98 4.15 14.04 0.86 0.77
Way 2.70 472 10.30 0.96 0.81 Mlay 1.10 3.59 9.82 0.96 091
Jun 1.75 4.1 9.60 0.92 0.58 Jun 1.58 4.1 9.60 0.92 0.58
Jul 7.73 5.68 2254 0.77 0.65 Jul 252 4.32 10,52 0.85 0.74
Aug 707 g.41 2068 0.82 0.74 Ay 5.74 6.75 20,62 0.86 078
Sep 577 731 13.45 0.86 0.83 Sep 5.29 5.79 13.36 0.50 0.89
All 3.68 5.13 12.87 0.78 .54 All 217 3.46 10.27 0.51 0.67
Apr -0.03 1.22 271 0.58 0.34|MEAN Apr -0.23 1.02 215 0.61 037
Way -0.11 1.13 253 0.64 0.42 Mlay -0.22 1.02 234 0.68 0.46
Jun -0.28 1.55 280 0.65 0.53 Jun -0.30 1.53 2.89 0.67 0.54
Jul 0.43 225 4.87 0.54 0.35 Jul -0.41 1.4 329 0.67 0.48
Aug 0.09 226 4.36 0.53 0.37 Ay -0.12 2.05 4.09 0.56 0.41
Sep 0.23 216 385 0.61 0.47 Sep -0.34 2.06 3.85 0.65 0.52
All -0.01 1.76 3.95 0.59 0.41 All -0.27 1.50 3.40 0.64 0.46
Radar derived precipitation 1999, origina phase |, origind phase | with anaprop correction
Calibrated, anaprob days =10 Calibrated with factor
ME MAE RMSE HR HiSI 1993 ME MAE RMSE HR HiSI
Apr -1.30 0.20 0.38 0.33 0.06[rIMN Apr -1.52 0.23 0.41 0.28 0.04
May -1.08 0.20 0.44 0.52 0.24 May -1.28 0.25 0.50 0.35 0.04
Jun -2.51 0.37 0.61 0.50 0.24 Jun -2.87 0.42 0.65 0.33 019
Jul -3.12 0.32 0.56 0.46 0.21 Jul -4.28 0.43 0.66 0.32 0.14
Aug -4.84 0.45 0.74 0.36 0.15 Aug -5.94 0.47 0.77 0.33 0.15
Sep -3.28 0.47 0.83 0.38 0.24 Sep -3.83 0.53 0.86 0.22 012
All -2.43 0.45 0.95 0.51 0.32 All -2.97 0.53 1.05 0.40 0.27
Apr 5.45 6.87 15.43 0.95 0.92]MAK Apr 3.66 4.15 9.13 0.94 0.93
May 1.63 268 7.40 1.00 1.00 May 2.04 3.34 8.28 1.00 1.00
Jun 1.75 268 5.83 1.00 1.00 Jun 2.00 3.06 7.30 1.00 1.00
Jul 280 369 13.16 0.96 0.95 Jul 3.97 5.05 15.40 0.95 0.94
Aug 7.18 7.89 2473 0.86 0.83 Aug 470 5.51 16.78 1.00 1.00
Sep 10.55 10.94 38.93 0.95 0.96 Sep 5.16 5.38 10.08 1.00 1.00
All 2.93 3.74 16.30 0.84 0.78 All 1.98 327 7.30 0.52 0.76
Apr 010 095 2.00 0.65 0.58T|MEAN Apr -0.04 095 1.89 0.65 0.52
May 0.13 0.81 1.81 0.78 0.67 May 0.15 1.1 2 0.69 0.58
Jun -0.04 1.07 207 0.78 0.68 Jun -0.04 1.22 221 0.72 0.64
Jul -0.03 0.95 216 0.74 0.64 Jul 012 1.22 232 0.65 0.57
Aug 0.64 207 432 0.60 0.49 Aug -0.07 1.67 3.07 0.65 0.55
Sep 0.65 1.83 3.482 0.7o 0.63 Sep 0.56 1.95 341 0.69 0.61
All 0.22 1.26 3.01 0.71 (.60 All 0.07 1.33 274 .65 (.55

Radar derived precipitation 1998, adjusted radar and anaprop correction, factor calibration

Appendix B-5




Appendlx C contingency tablesfor 25 observationsin theinterpolation 1998

KLIMA 0 0.05 2 6 10{mm
AMIS 0.05 2 6 10 100|nedbgar
0 0.05 1916 342 4 0 0
0.05 2 1165 2857 343 4 1
2 6 14 513 2306 258 16
6 10 0 35 238 458 79
10 100 0 0 31 80 428
mm nedbgr
Kontingenstabel for 1/4-98 - 30/4-98
KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100|nedbgr
0 0.05 5550 303 17 7 5
0.05 2 1732 1707 293 21 0
2 6 18 241 813 123 34
6 10 10 17 122 268 71
10 100 0 0 10 24 70
mm nedbgr
Kontingenstabel for 1/5-98 - 31/5-98
KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100|nedbgar
0 0.05 3649 210 3 0 0
0.05 2 1223 2412 370 16 1
2 6 25 389 1001 226 41
6 10 0 23 263 375 151
10 100 0 1 23 116 582
mm nedbgr
Kontingenstabel for 1/6-98 - 30/6-98
KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100{nedbgr
0 0.05 1625 298 7 0 0
0.05 2 1261 2856 504 20 2
2 6 29 522 1575 230 51
6 10 1 41 402 606 191
10 100 0 21 86 255 887
mm nedbgar
Kontingenstabel for 1/7-98 - 31/7-98
KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100{nedbgr
0 0.05 2529 274 4 0 0
0.05 2 1795 3258 574 29 9
2 6 21 359 1118 126 9
6 10 2 12 180 286 108
10 100 0 1 20 137 615
mm nedbgr
Kontingenstabel for 1/8-98 - 31/8-98
KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100|nedbgr
0 0.05 3062 337 18 5 0
0.05 2 1815 2163 468 32 3
2 6 9 379 1187 180 57
6 10 1 22 215 310 177
10 100 0 0 11 150 485
mm nedbgr

Kontingenstabel for 1/9-98 - 30/9-98
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Appendlx D contingency tablesfor 62 observationsin the interpolation 1998

mm
nedbar

mm
nedbar

mm
nedbar

mm
nedbar

mm
nedbgr

KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 2307, 358 5 1 0
0.05 2 790 3030, 339 3 0
2 6 1 345 2335 200 8
6 10 0 13 228 539 73
10 100 0 0 15 58 443
mm nedbgr
Kontingenstabel for 1/4-98 - 30/4-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 6262 260 2 0 0
0.05 2 1050 1780 199 13 5
2 6 2 226 944 108 15
6 10 0 4 105 283 54
10 100 0 0 5 39 106
mm nedbgr
Kontingenstabel for 1/5-98 - 31/5-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 4082 243 8 0 0
0.05 2 811 2479 302 15 1
2 6 4 305 1162 192 15
6 10 0 7 176 424 146
10 100 0 1 12 102 613
mm nedbgr
Kontingenstabel for 1/6-98 - 30/6-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 2002, 252 2 0 0
0.05 2 905 3040 337 7 2
2 6 9 420 1874 240 39
6 10 0 22 315 650 150
10 100 0 4 45 214 940
mm nedbgr
Kontingenstabel for 1/7-98 - 31/7-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 3052 302 5 0 0
0.05 2 1289 3207, 330 11 0
2 6 6 392 1379 125 12
6 10 0 3 170 345 102
10 100 0 0 14 97 627
mm nedbgr
Kontingenstabel for 1/8-98 - 31/8-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 3778 296 1 0 0
0.05 2 1105 2227 335 12 1
2 6 8 362 1390 161 18
6 10 0 16 163 364 129
10 100 0 0 8 140 574
mm nedbgr

Kontingenstabel for 1/9-98 - 30/9-98
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Appendlx E contingency tablesfor 87 observationsin theinter polation 1998

mm
nedbar

mm
nedbar

mm
nedbar

mm
nedbar

mm
nedbar

KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 2413 344 3 0 0
0.05 2 685 3064 283 2 0
2 6 1 337 2409 174 7
6 10 (0] 4 219 883 71
10 100 0 0 8 42 446
mm nedbgr
Kontingenstabel for 1/4-98 - 30/4-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 6408 259 3 0 0
0.05 2 907 1818 200 10 5
2 6 1 188 957 109 18
6 10 0 4 90 289 38
10 100 0 0 5 35 119
mm nedbgr
Kontingenstabel for 1/5-98 - 31/5-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 4223 235 5 [0] (0]
0.05 2 672 2553 291 16 1
2 6 2 244 1218 197 11
6 10 0 3 134 414 119
10 100 0 0 11 106 644
mm nedbgr
Kontingenstabel for 1/6-98 - 30/6-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 2162 266 3 0 0
0.05 2 748 3096 338 4 2
2 6 [ 358 1920 206 33
6 10 0 17 279 693 138
10 100 0 1 33 208 958
mm nedbgr
Kontingenstabel for 1/7-98 - 31/7-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 3289 343 3 0 0
0.05 2 1052 3226 319 6 0
2 6 6 333 1423 138 11
6 10 (0] 3 141 343 109
10 100 0 0 12 91 621
mm nedbgr
Kontingenstabel for 1/8-98 - 31/8-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 3942 314 0 0 0
0.05 2 942 2274 294 7 0
2 6 7 300 1448 140 16
6 10 0 13 147 407 111
10 100 0 0 11 123 595
mm nedbgr

Kontingenstabel for 1/9-98 - 30/9-98
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Appendlx F Contingency tables for 126 observationsin the inter polation 1998

mm
nedbar

mm
nedbar

KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 2390 337 3 0 0
0.05 2 708 3114 295 3 0
2 6 1 294 2414 167 9
6 10 0 2 205 578 59
10 100 0 0 5 52 456
mm nedbgr
Kontingenstabel for 1/4-98 - 30/4-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 6525 254 3 0 0
0.05 2 790 1818 171 6 5
2 6 0 196 988 108 21
6 10 0 3 90 298 33
10 100 0 0 3 31 121
mm nedbgr
Kontingenstabel for 1/5-98 - 31/5-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 4267 229 2 0 0
0.05 2 630 2588 310 12 0
2 6 0 216 1214 199 16
6 10 0 2 123 420 106
10 100 0 0 10 102 653
mm nedbgr
Kontingenstabel for 1/6-98 - 30/6-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 2230 278 2 0 0
0.05 2 682 3108 326 4 1
2 6 4 333 1939 209 18
6 10 0 18 277 702 143
10 100 0 1 30 196 969
mm nedbgr
Kontingenstabel for 1/7-98 - 31/7-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 3392 296 1 0 0
0.05 2 947 3290 316 8 0
2 6 8 314 1441 134 5
6 10 0 4 126 351 102
10 100 0 1 14 85 634
mm nedbgr
Kontingenstabel for 1/8-98 - 31/8-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 3996 292 0 0 0
0.05 2 895 2311 280 4 1
2 6 2 295 1476 139 11
6 10 0 4 134 417 122
10 100 0 0 6 117 588
mm nedbgr

Kontingenstabel for 1/9-98 - 30/9-98
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KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 3851 189 1 Q 0]
0.05 2 1836 2482 135 3 Q
2 6 6 307 1130 213 14
6 10 0 11 158 373 136
10 100 0 2 7 67 177
mm nedbgr
Kontingenstabel for 1/4-98 - 30/4-98
KLIMA 0 0.05 2 6 10|
AMIS 0.05 2 6 10 100
0 0.05 5154 88 4 3 0
0.05 2 1628 1981 181 7 0
2 6 4 361 1072 147 22
6 10 0 1 92 249 91
10 100 0 0 2 66 308
mm nedbgr
Kontingenstabel for 1/5-98 - 31/5-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 2865 177 8 3 0
0.05 2 1076 1380 274 18 9
2 6 7 334 1205 348 63
6 10 0 18 454 820 246
10 100 0 1 27 324 1441
mm nedbgr
Kontingenstabel for 1/6-98 - 30/6-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 4962 232 1 0 0
0.05 2 1043 1954 419 22 12
2 6 2 332 1014 191 39
6 10 0 39 274 221 135
10 100 0 9 69 141 357
mm nedbgr
Kontingenstabel for 1/7-98 - 31/7-98
KLIMA 0 0.05 2 6 10|
AMIS 0.05 2 6 10 100
0 0.05 4404 265 12 3 3
0.05 2 1238 1322 427 39 18
2 6 49 414 934 311 127
6 10 1 42 194 425 271
10 100 0 44 131 197 554,
mm nedbgr
Kontingenstabel for 1/8-98 - 31/8-98
KLIMA 0 0.05 2 6 10|
AMIS 0.05 2 6 10 100
0 0.05 4015 160 3 0 0
0.05 2 1445 1402 222 11 8
2 6 7 298 789 199 32
6 10 0 15 318 401 106
10 100 0 2 125 378 1064
mm nedbgr

Kontingenstabel for 1/9-98 - 30/9-98
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mm
nedbgr

mm
nedbgr

mm
nedbar

mm
nedbgr

mm
nedbgr

mm
nedbgr



Appendlx H contingency tablesfor 62 observationsin the inter polation 1999

KLIMA 0 0.05 2 6 10lmm
AMIS 0.05 2 6 10 100f{nedbgr
0 0.05 4617 220 1 0 0
0.05 2 1075 2581 150 3 0
2 6 2 182 1120 147 6
6 10 0 6 154 418 73
10 100 0 2 6 88 248
mm nedbgr
Kontingenstabel for 1/4-98 - 30/4-98
KLIMA 0 0.05 2 6 10jmm
AMIS 0.05 2 6 10 100fnedbgr
0 0.05 5926 113 4 2 0
0.05 2 867 2088 171 1 0
2 6 2 229 1078 116 2
6 10 0 1 93 270 51
10 100 0 0 4 82 368
mm nedbar
Kontingenstabel for 1/5-98 - 31/5-98
KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100]nedbar
0 0.05 3310 163 7 3 0
0.05 2 632 1432 220 13 6
2 6 8 307 1391 271 43
6 10 0 7 334 974 237
10 100 0 1 15 252 1473
mm nedbgr
Kontingenstabel for 1/6-98 - 30/6-98
KLIMA 0 0.05 2 6 10lmm
AMIS 0.05 2 6 10 100|{nedbgr
0 0.05 5418 199 3 2 1
0.05 2 587 2033 303 14 9
2 6 3 321 1203 160 23
6 10 0 8 226 263 102
10 100 0 5 42 136 408
mm nedbgr
Kontingenstabel for 1/7-98 - 31/7-98
KLIMA 0 0.05 2 6 10mm
AMIS 0.05 2 6 10 100|nedbgr
0 0.05 4946 265 16 2 3
0.05 2 737 1455 363 40 10
2 6 17 341 1013 225 58
6 10 0 27 221 496 198
10 100 0 13 85 212 704
mm nedbgr
Kontingenstabel for 1/8-98 - 31/8-98
KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100{nedbgr
0 0.05 4750 155 4 0] [0]
0.05 2 725 1537 174 8 5
2 6 1 177 921 200 33
6 10 0 7 301 512 141
10 100 0 1 57 269 1121
mm nedbar

Kontingenstabel for 1/9-98 - 30/9-98
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KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 4806 242 1 0 0
0.05 2 886 2572 148 4 0
2 6 1 165 1124 132 6
6 10 0 6 152 431 69
10 100 0 2 6 89 252
mm nedbgr
Kontingenstabel for 1/4-98 - 30/4-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 6080 130 1 0 0
0.05 2 712 2118 179 3 0
2 6 1 183 1072 100 3
6 10 0 0 91 294 56
10 100 0 0 5 72 362
mm nedbar
Kontingenstabel for 1/5-98 - 31/5-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 3421 182 2 1 0
0.05 2 526 1450 174 8 3
2 6 2 271 1478 251 34
6 10 0 7 298 999 223
10 100 0 0 14 254 1499
mm nedbgar
Kontingenstabel for 1/6-98 - 30/6-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 5522 198 0 0 0
0.05 2 481 2057 283 13 9
2 6 4 300 1265 159 24
6 10 0 7 203 294 95
10 100 0 4 26 109 415
mm nedbar
Kontingenstabel for 1/7-98 - 31/7-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 5034 286 18 1 0
0.05 2 652 1500 338 37 12
2 6 12 282 1064 212 56
6 10 1 25 218 532 198
10 100 0 8 60) 193 707
mm nedbgr
Kontingenstabel for 1/8-98 - 31/8-98
KLIMA 0 0.05 2 6 10
AMIS 0.05 2 6 10 100
0 0.05 4931 169 4 0] [0]
0.05 2 544 1532 173 8 4
2 6 1 169 990 199 26
6 10 0 5 257 560 153
10 100 0 2 33 222 1117
mm nedbar

Kontingenstabel for 1/9-98 - 30/9-98
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Appendlx | Contingency tablesfor 87 observationsin theinter polation 1999

mm
nedbar

mm
nedbgr

mm
nedbgr

mm
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mm
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mm
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Appendlx J Contingency tablesfor 126 observationsin theinter polation 1999

KLIMA 0 0.05 2 6 10{mm
AMIS 0.05 2 6 10 100|nedbgr
0 0.05 4861 236 1 0 0
0.05 2 826 2580 146 4 0
2 6 7 167 1137 120 2
6 10 0 7 140 454 72
10 100 0 0 7 78 253
mm nedbgr
Kontingenstabel for 1/4-98 - 30/4-98
KLIMA 0 0.05 2 6 10{mm
AMIS 0.05 2 6 10 100]|nedbgr
0 0.05 6160 128 0 0 0
0.05 2 632 2112 208 3 0
2 6 3 189 1046 96 4
6 10 0 2 94 297 54
10 100 0 0 3 76 363
mm nedbgr
Kontingenstabel for 1/5-98 - 31/5-98
KLIMA 0 0.05 2 6 10{mm
AMIS 0.05 2 6 10 100|nedbgar
0 0.05 3532 172 2 2 0
0.05 2 414 1476 177 10 4
2 6 4 247 1508 288 35
6 10 0 15 262 962 209
10 100 0 0 17 251 1511
mm nedbgr
Kontingenstabel for 1/6-98 - 30/6-98
KLIMA 0 0.05 2 6 10|{mm
AMIS 0.05 2 6 10 100|nedbgar
0 0.05 5579 186, 0 0 0
0.05 2 427 2087 292 12 9
2 6 3 283 1276 145 13
6 10 0 9 186 302 93
10 100 0 1 23 116 428
mm nedbgr
Kontingenstabel for 1/7-98 - 31/7-98
KLIMA 0 0.05 2 6 10|mm
AMIS 0.05 2 6 10 100|nedbgr
0 0.05 5147 287 17 1 0
0.05 2 541 1540 341 40 15
2 6 13 270 1070, 194 46
6 10 1 17 220 553 191
10 100 0 8 48 187 721
mm nedbgr
Kontingenstabel for 1/8-98 - 31/8-98
KLIMA 0 0.05 2 6 10{mm
AMIS 0.05 2 6 10 100]|nedbgar
0 0.05 4980 172 4 0 0
0.05 2 491 1540 165 8 5
2 6 1 157 1013 198 21
6 10 0 7 245 585 174
10 100 0 1 30 198 1100
mm nedbgr

Kontingenstabel for 1/9-98 - 30/9-98
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