
Klimaat van Nederland 1 

T. A. Buishand en C. A. Velds 

Neerslag en verdamping 

Koninklijk Nederlands Meteorologisch Instituut 



© Auteursrecht voorbehouden. 
Niets uit deze uitgave mag worden verveelvoudigd en of openbaar gemaakt door middel van 
druk, fotocopie, microfilm of op welke wijze dan ook, zonder voorafgaande schriftelijke toe­
stemming van het K.N.M.I. 

No part of this book may be reproduced in any form, by print, photoprint, microfilm, or any 
other means without written permission of the Royal Netherlands Meleorological Institute. 



I N H O U D 

Voorwoord 8 

Summary 9 

1 Inleiding 15 

2 Vorming van neerslag 18 

2.1 Thermodynamica en verticale bewegingen van droge en natte 
lucht 18 

2.1.1 Droge lucht 18 
2.1.2 Natte lucht 19 

2.2 Wolkenvorming en het ontstaan van neerslag 23 
2.2.1 Vorming van wolkendruppels 23 
2.2.2 Wolken 25 
2.2.3 Vorming van neerslag - 27 
2.2.4 Soorten neerslag 28 
2.2.5 Druppelgrootteverdeling van de neerslag 29 

2.3 Meting van neerslag met behulp van radar 31 

2.4 Dynamische aspecten van het ontstaan van wolken en neerslag 33 
2.4.1 Convectieve bewolking 34 
2.4.2 Luchtsoorten en fronten 36 
2.4.3 Orografische effecten 38 
2.4.4 Invloed van de zee op de neerslagverdeling 38 
2.4.5 Stadseffecten op de neerslag 39 

3 Neerslaggegevens 41 

3.1 Neerslagmetingen in Nederland 41 
3.1.1 Het waarnemingsnet 41 
3.1.2 Het gebruikte instrumentarium 42 

3.2 Fouten bij neerslagmetingen 44 
3.2.1 De invloed van de wind op de neerslagmeting 45 
3.2.2 Overige fouten 47 

5 



3.3 De betrouwbaarheid van de gegevens 48 

3.4 De beschikbaarheid van de gegevens 49 

4 De bepaling van de verdamping 50 

4.1 Algemene meetmethoden 50 
4.1.1 De waterbalans 50 
4.1.2 Fysische methoden 51 

4.2 De verdamping van open water 55 
4.2.1 De methode van Penman 56 
4.2.2 Het model van Keijman 57 
4.2.3 De formule van Priestley-Taylor 62 

4.3 De verdamping van begroeide oppervlakken 62 
4.3.1 De verdamping van een nat gewasoppervlak 62 
4.3.2 De formule van Monteith-Rijtema 63 
4.3.3 Het verschil tussen de potentiële en de werkelijke verdamping 
4.3.4 De verdamping van bossen 66 

4.4 Slotopmerkingen 68 

5 Verdampingsgegevens 70 

5.1 De berekening van de nettostraling 70 

5.2 De windfunctie 72 

5.3 Bijzonderheden over de invoergegevens 73 

5.4 De betrouwbaarheid van de gegevens 75 

6 Verdeling van neerslag en verdamping naar 
plaats en in tijd 78 

6.1 Verdeling van de neerslag naar plaats en in tijd 78 

6.2 Plaatselijke verschillen in de openwaterverdamping 85 

6.3 Plaatselijke verschillen in het potentiële netto neerslagoverschot 

7 Frequentieverdelingen 88 

7.1 Frequentieverdelingen van neerslagsommen 88 

7.1.1 Empirische frequenties 88 
7.1.2 Stochastische variabelen 90 
7.1.3 Scheefheid 92 
7.1.4 Persistentie 94 
7.1.5 Samenvatting 95 

6 



7.2 Frequentieverdelingen van sommatiecurven 95 
7.2.1 Frequentieverdelingen voor De Bilt 96 
7.2.2 Plaatselijke verschillen 99 
7.2.3 Slotopmerkingen 103 

8 Extreme neerslaghoeveelheden 104 

8.1 Theoretische achtergronden 104 
8.1.1 Analyse van extreme neerslaghoeveelheden 104 
8.1.2 De kansverdeling van extremen 107 
8.1.3 Het schatten van de parameters 110 
8.1.4 De keuze van het beginpunt van het tijdsinterval 111 

8.2 De extremen voor lange tijdsintervallen 111 
8.2.1 De extremen voor De Bilt 112 
8.2.2 Plaatselijke verschillen 114 

8.3 De extremen voor korte tijdsintervallen 115 

9 Gebiedsneerslag 119 

9.1 Inleiding 119 

9.2 De benadering van de gebiedsneerslag door een net van 
regenmeters 121 

9.2.1 Inleiding 121 
9.2.2 De correlatie tussen neerslagmetingen op verschillende stations 124 
9.2.3 De nauwkeurigheid van de benadering 128 
9.2.4 Slotopmerkingen 131 

9.3 De gebiedsreductiefactor 131 

Bijlagen 136 

A Stationsbeschrijvingen 136 

Al Bijzonderheden over zelfregistrerende regenmeters in De Bilt 136 

A2 Stations met langjarige reeksen van dagsommen van de neerslag 137 
A3 Stations met langjarige reeksen van maandsommen van de 

Penmanverdamping 144 

B Maandsommen en jaarsommen van enkele langjarige reeksen 148 

C Zware buien 167 

Literatuur 184 

Trefwoordenregister 203 

7 



V O O R W O O R D 

De neerslag en de verdamping vormen twee belangrijke schakels in de hydrologische 
kringloop. Sinds de vorige eeuw onderhoudt het KNMI een net van regenwaarnemingen, 
waardoor men thans de beschikking heeft over zeer veel neerslaggegevens. Met betrekking tot 
de verdamping wordt momenteel door het KNMI uitgebreid wetenschappelijk onderzoek 
verricht en worden ten behoeve van de praktijk zogenaamde Penmangetallen gepubliceerd. 
Het omvangrijke cijfermateriaal, dat in de loop der jaren bijeengebracht is, zou in principe 
door velen zeer nuttig gebruikt kunnen worden. Helaas blijkt maar al te vaak dat men niet 
goed op de hoogte is van wat er nu beschikbaar is of dat men de gegevens onjuist 
interpreteert. Het doel van dit boek is het verstandig gebruik van neerslaggegevens en 
verdampingsgetallen te bevorderen. Hiertoe wordt het neerslag- en verdampingsklimaat van 
Nederland uitgebreid behandeld, waarbij veel aandacht wordt geschonken aan fysische 
achtergronden. Daarnaast wordt vrij uitvoerig ingegaan op het meetnet en de beschikbare 
gegevens. 
Dit boek is in de eerste plaats bedoeld voor degenen die vanwege hun beroep met neerslag- of 
verdampingsvraagstukken geconfronteerd worden. Daarnaast kan het van nut zijn voor een 
ieder die geïnteresseerd is in het neerslag- en verdampingsklimaat van Nederland. Wel is voor 
het lezen van deze publikatie enige kennis van de wiskunde (differentiaal- en integraal­
rekening) vereist. 
Bij de samenstelling van dit boek werd van vele kanten medewerking verleend. Tijdens het 
uitvoeren van de nodige berekeningen was de steun van de heren A. Denkema en G. J. 
Yperlaan voor ons onmisbaar. Voor het kritisch doorlezen van een aantal hoofdstukken in 
conceptfase zijn wij dank verschuldigd aan de heren prof. dr. ir. W. H. van der'Molen, 
dr. ir. M. A. J. van Montfort (beiden Landbouwhogeschool, Wageningen) en 
dr. ir. Ph. Th. Stol (icw, Wageningen) en aan onze collega's drs. H. A. R. de Bruin, 
drs. J. Q. Keijman, drs. H. J. Krijnen, W. N. Lablans, H. J. Menick, dr. P. J. Rijkoort en 
ir. H. R. A. Wessels. Voorts zijn wij al degenen erkentelijk die hetzij door het vervaardigen 
van de figuren hetzij door het verwerken van de tekst hebben bijgedragen tot de 
totstandkoming van dit boek. 

De Bilt, april 1980 
T. A. Buishand 
C. A. Velds 
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S U M M A R Y 

In this book both physical and statistical aspects of rainfall and evapotranspiration are 
discussed. Because of the rather broad scope of the book the various chapters deal with quite 
different subjects. These subjects are summarized below. Emphasis is put here on available 
rainfall and evaporation data and characteristics of the climate in the Netherlands. 

Physics of clouds and precipitation (Chapter 2) 

The formation of clouds and precipitation is introduced on an elementary level. The 
condensation process is discussed rather broadly and the droplet-size distribution in clouds 
and in precipitation is emphasized. Special attention is paid to the measurement of rainfall by 
radar because of its growing practical interest. A short section is devoted to special forms of 
precipitation, such as snow, hail, drizzle and rain. 
Some meteorological aspects of the formation of clouds and precipitation are treated. 
Showers due to local heating and convergence are dealt with: attention is paid to the various 
kinds of clouds and precipitation associated with frontal situations. Also orographic, coastal 
and urban effects on precipitation are discussed. 

The rain gauge network and available rainfall data (Chapter 3) 

Rainfall observations in the Netherlands started in the first half of the eighteenth century. In 
the beginning the number of rain gauges was very small, but nowadays there is a network of 
about 315 stations (about 1 station per 100 km2 ), where rain gauges are read daily. During 
the first decade of this century a Standard gauge was introduced. This gauge had an orifice of 
400 cm2 and had its rim at a height of 1.50 m. About 1950 the height of the gauge was 
lowered to 0.40 m to reduce the wind error. Since 1962 a new type of rain gauge has been 
introduced with an orifice of 200 cm2. The old type and the new type are shown in Figure 3.1 
and Figure 3.2 respectively. 
There are about 15 stations with a self-recording instrument. Only for the main station in De 
Bilt there is a long record of continuous rainfall. At this moment different kinds of 
instruments are in use. Figure 3.3 shows an instrument with mechanical registration, whereas 
in Figure 3.4 a newer type with remote registration is given. In the near future these 
instruments will be replaced by a new Standard recording gauge (Figure 3.5). 
Most daily and monthly rainfall data have been published in year books of the Royal 
Netherlands Meteorological Institute. Daily rainfall data of all stations are available on 
magnetic tape from 1951 onwards. For the period before 1951 only the data of 24 selected 
stations were put on magnetic tape. The geographical location of these stations is given in 
Figure Al. For self-recording gauges the amount and duration of precipitation in time 
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intervals of one hour have been put on magnetic tape. 
With respect to the quality of the data the following remarks can be made. Before about 1905 
only very little is known on both the type of the rain gauge used and the general situation of 
the rainfall station. For many old records the mean values are too low. Shortly after World 
War II the quality of the rainfall data was markedly improved due to extensive quality 
control of the data and regular inspection of the stations. 

The estimation of evapotranspiration (Chapter 4) 

Various methods to determine evaporation (water balance, evaporation pan, energy budget) 
are discussed and the derivation of Penman's equation for the open water evaporation E0 is 
given. The quantity EQ is compared with the evaporation of an isothermal lake. 
Subjects like potential evapotranspiration and actual evapotranspiration are dealt with. 

Available evapotranspiration data (Chapter 5) 

For 15 places in the Netherlands the bulletins of the Royal Netherlands Meteorological 
Institute give monthly values of the open water evaporation E0. Also the values for the first 
ten days, the second ten days and the remainder of the month are given. It should be noted 
that the constants in the empirical equation for the long-wave radiation differ somewhat from 
those of Penman. Moreover the 8, 14 and 19 hour (local time) averages of temperature and 
humidity are used instead of the diurnal averages. This last fact leads to an overestimation of 
E0 by about 10 per cent. 
Since 1978 E0 has been calculated only for stations which have measurements of sunshine, 
wind speed, temperature and humidity. For stations which do not have measurements of 
these four quantities E0 is obtained by spatial interpolation of calculated E0-values from 
nearby stations. Before 1978 missing data of input variables were supplemented by spatial 
interpolation. 
For the open water evaporation, £0, there are 12 long-term records (starting in 1911) 
available in the Netherlands. The geographical location of the stations to which these records 
refer are given in Figure A2. No records are available for the potential evapotranspiration. 
The mean values of the potential rainfall surplus in this book are based on rainfall minus 
0.8 E0. The factor 0.8 is a reasonable value for grass with a height of 10 cm during the summer 
season. 

Regional and seasonal differences in rainfall and evaporation 
(Chapter 6) 

In a flat country like the Netherlands local differences in precipitation amounts are relatively 
small. The mean annual amount ranges from about 700 to 950 mm (Figure 6.1). However, 
mean annual amounts over 850 mm are only found in two small areas where there are some 
orographic influences. 
There is a rather strong seasonal variation in the mean rainfall amount, as can be seen from 
the monthly means in Figure 6.2. The driest months in the Netherlands are February, March 
and April. Stations in the east and southeast, like Winterswijk and Gemert, have large mean 
values in July and August due to convective rainfall caused by the high surface temperatures . 
in these months. For coastal stations (West-Terschelling and to some less extent Hoofddorp) 
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the mean values in the late spring and early summer are relatively small because the 
formation of showers is surpressed by the relatively cold sea. However, coastal stations have 
large rainfall amounts in autumn. The large rainfall amounts in this season are a consequence 
of showers originating over a relatively warm sea surface. 
The open water evaporation E0 also exhibits some regional differences. The mean annual 
value for E0 ranges from 650 to 767 mm (Table 6.4). The largest values are found along the 
west coast, which is a consequence of the higher wind speeds and the longer duration of 
sunshine. 
Because of the large evapotranspiration in summer there usually is a rainfall deficit in this 
season. Coastal stations have the largest mean potential rainfall deficits because of their 
relatively low summer rainfall and high potential evapotranspiration. This potential rainfall 
deficit refers only to meteorological factors. When dealing with actual rainfall deficits, factors 
like soil and hydrological properties (the amount of available soil moisture and the 
groundwater table) are more relevant than small regional differences in mean potential 
rainfall deficits. 

Frequency distributions (Chapter 7) 

An elementary introduction to the theory of frequency distributions is given with applications 
to histograms of annual, monthly and daily amounts. The effect of skewness and persistence is 
briefly discussed. 
A rather detailed discussion is given of the frequency distribution of 
a. the cumulative rainfall amount after 1 October (this quantity gives an indication of the 
rainfall surplus during the winter season), 
b. the cumulative rainfall amount after 1 April (gives the distribution during the summer 
season), 
c. the cumulative rainfall surplus (rainfall minus potential evapotranspiration) after 1 April 
(this quantity gives an indication of the rainfall deficit during the summer season). 
For De Bilt (1911-1975) these frequency distributions are given in Fig. 7.6, 7.7 and 7.8, 
respectively. The curves were obtained by fitting a normal distribution to either the original 
data (Fig. 7.8) or the square roots of the data (Fig. 7.6 and 7.7). 
A rough method to obtain the frequency distribution of the cumulative rainfall amount for an 
arbitrary place X in the Netherlands is to multiply the rainfall amounts at the various 
frequencies of De Bilt by the ratio of the mean seasonal rainfall amounts at place X and De 
Bilt. Therefore figures of the mean rainfall amount in the winter season (October-March) and 
in the summer season (April-September) are given (Fig. 7.11 and 7.12, respectively). For the 
potential rainfall surplus this method can not be foliowed. To derive the potential rainfall 
surplus at a certain frequency for an arbitrary place X a representative value of the potential 
evapotranspiration should be subtracted from the corresponding frequency of the cumulative 
rainfall amount at that place. Values of the potential evapotranspiration to be used at the 
various frequencies are given in Figure 7.13. 
Example. Consider the period 1 April-15 September. Let for some station the 10°o-point of 
the rainfall amount in that period be 235 mm (this is a somewhat drier station as De Bilt). 
From Figure 7.13 it follows that at the 10%-point the potential evapotranspiration is about 
465 mm. Then for the 10%-point of the potential rainfall surplus one obtains 
2 3 5 - 4 6 5 = - 2 3 0 mm. 
The values in Figure 7.13 are not valid for coastal stations. For these stations the values in 
Figure 7.13 should be augmented by about 5 to 10°o (for instance, proportional to the mean 
open water evaporation, given in Table 6.4). 
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