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1 INTRODUCTION

This report describes in full detail the procedures of data handling and
calibration. Data are from the automated meteorological station in the
experimental catchment 'Hupselse Beek'. It also summarizes what methods
have been used to calculate actual and potential evapotranspiration. The
report covers roughly a period of ten years of data collecting. Not all
timeseries of the different meteorological wvariables cover the same
period. Also during the ten year-period instrumental changes have been
made, the measuring interval has been adapted and new measurements have
been started while otheis have been stopped of were of incidental char-

acter.
It is fully'described in this report.

Of course no results will be presented in this report. The report must be
considered as a document of how the whole dataset has been managed and,

important to safeguard the reproducibility of the original datasets.

Corrected data and results from the calculations by different ET-methods
are all stored on magnetic tapes.
All this information is freely available on request through the &tate
Public Works in Arnhem, Department of Inland Watermanagement, full
address:

Rijkswaterstaat DBW/RIZA

P.B. 9072

6800 ED Arnhem

The Netherlands

Tel.: 085-688911

Over a period of ten years missing values or periods inevitably exist in

such long time series due to a break-down of the collecting system or



problems with one or more sensors. Much attention has been paid
to complete the separate time series, as much as possible, using addi-

tional information from the meteorological site itself or from other

related stations.



2 AVAILABLE RAW DATA OF THE METEOROLOGICAL STATION 'ASSINK',
HUPSELSE BEEK

2.1 General

Data handling as discussed in this report concentrates on the system of
automatic data collection and storage. Also a second system of data col-
lection is in operation for several meteorological variables. The ideas
behind this are that incompleteness of data files can be avoided as much
as possible and comparison between the data from these systems will always
be possible. The recordings by this second system differs from measurement
to measurement. Most of these recordings are registered on charts and are

not regularly processed.

The available raw data set for the whole period, from February 25, 1976
till March 3, 1987, can be subdivided in four sub-periods. Each sub-
period will be discussed in the next sections. Over the full period close
cooperation existed between the Department of Inland Watermanagement
(DBW/RIZA) of the State Public Works and the Agricultural University of
Wageningen (LUW) to bring the management of such a huge data-set to a good

end. From March 1987 DBW/RIZA is coordinating the data-system on its own.

In table 2.1 all the measured variables are summarized and conveniently

arranged.
2.1 Period 1976-1978

The first period from February 25, 1976 to December 31, 1978, comprises
hourly data. Although originally some data were collected every 15 minutes
and other data every 60 minutes the definite raw data set is fixed to

hourly wvalues.




Table 2.1 A Summary of the available raw data and the measuring program.
Name Sampling Intervel Range Units Data Type of
strategy (minutes} coellection instrument
Global radiation A% 20 790404-870303 W/nz Tape Kipp-
{short wave incoming) solarimeter
Net radiation A 60 760225-781231 W/m® Tape Csiro CN1
net radiometer
1440 790101-790404  W/m* e -
A 20 790404- 870303 W/m? Tape Csiro CN1
’ net radiometer
Precipitation C 15 760225-781231 0.1 mm punched Fischer and
paper t. Porter
1440 790101-790404 0.1 mm *¥ Recover
snow gauge
Cc 20 790404-870303 0.1 mm Tape Recover
rain gauge
Ground water level i 60 760225-781231 mm-mv  Tape Data logger
meteoralogical site 1440 790101-790404 mm-my  *¥ Fischer and
'Assink’ Porter
1 20 790404-870303 mm-mv  Tape Data logger
Ground water level I 60 760225-781231 mm-mv  Tape Data logger
arable land 1440 790101-790404 mm-my  *¥* Fischer and
near 'Assink’ . Porter
I 20 790404-870303 mm-mv  Tape Data logger
Ory bulb temperatures 60 760415-781231 0.1 K Tape Thermistor
at 0.10, 1,50 and
3.00 mewas
Dry bulb temperature A 20 790404- 841009 0.01 K Tape Frankenb , #¥#¥¥
difference between Psychrameter
1.30 m and 3.15 m
Dry bulb temperature I 60 760225-781231 0.1 K Tape Thermistor
at 3.15 m above 1440 790101-790404 0.1 K *¥ -
groundlevel I 20 790404-850421 0.1 K Tape Frankenberger
Psychrometer
at 2.30 m above I 20 850422-870303 0.1 K Tape -
groundlevel '
Dry bulb temperature A 20 790404- 841009 0.01 K Tape Frankenberger
difference between Psychrometer

7.1 m and 3.15 m

*A: Averaged value
C: Cumulative value
I:

Instantaneous value



Name Interval Range Units Data Type of
{minutes) collection instrument
Wet/dry bulb temper- 20k 790404-841009 0.01 K Tape frankenberger
ature difference Psychrometer
between 1.30 and
3.5 m
wet/dry bulb temper- 20 790404-850421 0,1 K Tape Frankenberger
ature at 3.15 m above Psychrometer
groundlevel
at 2.30 above ground- 20 850422-870303 0.1 K Tape -
level
Wet/dry bulb temper- 20%% 790404- 841009 0.01 K Tape Frankenberger
ature difference be- Psychrometer
tween 7.14 and 3,15 m
wind velocity differ- 20 790404-841009 0.1 Tape Thiess cup-
ence between 2.14 and counts/ anemometer/
and 3.97 m sec. KNMI ‘anemomtr
Wind velocity at 2.00m 60 760225-781231 0.1 Tape 0up-anemometéf
above groundlevel counts/ integrating
sec.
2.00 m above ground- 1440 790101-790404 0.1 ek Lambrecht
levetl counts/ anemometer
sec,
3.97 m above ground- 20 790404850421 0.1 Tape Thiess cup-
level counts/ anemometer/
Sec. KNMI anemomtr
1.80 m above ground- 20 850422-870303 0.1 Tape Thiess'cup-
level counts/ anemometer/
sec. KNMI anemomtr
Wind velocity differ- 20 790404- 841009 0.1 Tape Thiess cupane-
ence between 9.48 and counts/ mometer/KNMI
3.97 m sec. cupanemometer
Surface temperature 20 . 1979-1943 0.1 K Tape Heiman-KT16
June-Sept.,
Relative humidity 60 760225781231 0.1% Tape Hair-hygrogr.
1440 790101-790404 0.1% i -
20 790204-B70303 0.3% Tape Lambrecht
hair hygrom.
Sunshine duration 1440 760225-300426 0.1% Chart. Campbell stokes
20 400426-870303 0.1% Tape Haenni-

solar meter




Name Sampling Interval Range Units Data Type of
strategy (minutes) collection instrument
Winddirection A 20 800305- 870303 Tape Lambrecht
(10min} degrees wind vane
Soil heat flux calcu- i 60 760225-781231  °Cow/m? Tape Thermistors at
lated from the tempe- 2-5-10-25-60
rature profile in the and 250 cm be-
501 Tow ground-
tevel
" 1440 790101-790404 oC*W/mz Tape Thermistors at
& levels in
: the ground
" I 20 790u404-811231 °c+/wn2 Tape Thermistors at
6 levels in
the ground
Soil heat flux A 20 "~ 810601-870303 W/uz Tape Flux plates
{directly measured}
Reflected short wave A 20 820322- 841009 W/m2 Tape Kipp-
radiation solarimeter

I for this period no measurements were done because of reorganisation of the wmeasuring
scheme and a new calibration of all the sensors.

w¥%%  Wet bulb temperatures are measured form April 1 till October 1, otherwise dry bulb
temperature are measured.
Large periods of missing data.

#EEAE Ingtrument thoroughly modified.

Pekwve

The hourly collected data are:

GRWTBL : Groundwaterlevel, arable land near the Meteorological sta-
tion (mm)

GRWAPV Groundwaterlevel at the Meteorological station (mm)

NEERS Precipitation {(mm); (resolution amounts 0.12 mm)

RELVO : Relative humidity at 1.5 m above groundlevel

NSTRA : Net radiation at 1.0 m above groundlevel (W/m?)

Temp. 10+ : Ajir temperature at 1.0 m above groundlevel (C)

Temp. 150+ : Air temperature at 1.5 m above groundlevel (C)

Temp. 300+ : Air temperature at 3.9 m above groundlevel (C)

Wind Wind velocity at 2.0 m above groundlevel (m/sec)

S0il temp. At six levels; 2, 5, 10, 25, 60 and 250 cm below soil

surface (C)



2.3 Period January till April 1979

For the second period, from January, 1, 1979 to April, &, 1979, no data
were collected. This was due to the fact that the meteorological site at
Assink was reorganized. The network in Hupsel was expanded for a more

diversified determination of actual and potential evapo-piration.

To obtain data for this missing period Meijles (1983) reconstructed for
the most important parameters daily values, such as:

Net radiation

Relative humidity

Air temperature at 1.5 m above groundlevel

Wind velocity

Soil heat flux

Groundwaterlevel grassland Assink

Precipitation

2.4 Period April 1979 till October 1984

The third period contains the raw data collected from April, 4, 1979 to
October, 19, 1984. These data were collected every 20 minutes and recorded

both on cassette tape and on paperprint.

Twenty different measurements were carried out and recorded, although not
all the measurements were carried out for the full period; see again table
2.1 for more details. Dry and wet bulb temperatures and wind velocity were

measured at three levels.
Wet bulb temperatures were recorded only during the growing season.

Concerning the determination of the soil heat flux there are two periods
to be distinguished, see Appendix A for the exact formulationm.
- From April, 4, to June, 13, 1981,daily soil heat flux has been calcu-

lated from a change in heat storage of the soil.



~ From June, 14, 1981, soil heat flux has been measured directly by
three flux plates which have been installed approximately at 5 cm

depth.
2.5 Period October 1984 till March 1987

During the fourth period, from October. 10, 1%84, to March, 3, 1987, dry
bulb temperature, wet bulb temperature and wind velocity were measured at
only one level. This means that actual evapotranspiration could no longer
be estimated directly over this period during the growing season. The end
of the fourth period was again marked by a reorganization of the meteorolo-
gical site and of the process of data correction, verification, calibra-
tion and processing. Presently the Department of Inland Watermanagement

(DBW/RIZA) is fully responsible for it.



3 CORRECTIONS OF THE RAW DATA FILES INTO A BASIC DATA FILE

Corrections of hourly or 20 minutes raw data values cover:

- Quality control of the raw data.

- Insertation of missing values in the data series, if possible.

- Systematic correction of zero point drift and by calibration curves or

calibration factors.
See Appendix B for a flow diagram of the dat control and data processing.
3.1 Quality control and incidental correctionms

The applied procedure was to carry out visually a first quality control.
At this stage irregularities, jumps or default values in the data series
were detected. Special attention was paid to the profile-measurements of
temperature and windvelocity. After the quality control has been carried
out, insertion of correct data happened. If only a small array of missing
values in the data file occurred, ﬁpproximately less than five, then these
missing values were calculated through linear interpolation or otherwise

estimated. No data were supplemented to the profile measurements.
3.2 Systematic corrections and calibrations

Systematic correction of the data existgof zero point corrections, due to
drift of the sensors, and of a correction by calibration factors or cali-
bration curves. These corrections are the result of calibration measure-
ments periodically done by the TFDL (Technical-Physical Service Organi-
zation) to either calibrate a sensor or to adjust a sensor. The calibra-
tion intervals of the different sensors differ and range from once a year
(net radiometer, solarimeter, etc.) to about eight times a year (dry and

wet bulb temperatures, zero point levels of several instruments).

The corrections, described in Appendix C (in Dutch) are the result of
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these calibration activities.
3.3 Conversion of precipitatiog and wind velocities
Special attention will be given to precipitation and wind velocities.

Precipitation in the raw data file has been registered as a cumulative
value adjusted to the rain gauge. To get the correct amount of precipita-
tion the following conversions must be carried out. First the random pro-
cess of registration-oscillation during dry weather conditions is tracked
and eliminated. These oscillations create deviations of plus or minus one
registration unit. In Appendix E the applied computer program for these
corrections is given. S8Secondly the differences between the consecutive
values, multiplied by a calibration factor 0.12, yield the amount of pre-

cipitation in mm.

In the raw data file wind velocity differences between 2.14 m and 3.97 m,
between 9.48 m and 3.97 m and the wind velocity at 3.97 m, above the soil
surface have been registered in pulses per second; In the basic data files
these values have been converted to absolute wind velocities {(m/sec) at

the three separate levels.
3.4 Basic data files

The result of the incidental and systematic corrections is a set of basic
data file§. These basic data files of variables still show series of mis-
sing values. From 1976 to 1978 the data are available for hourly wvalues
and from 1979 tot 1987 for 20-min. values. Two small samples of the defi-

nite data files are shown in Appendix E.

These data files permit direct calculations of actual evapotranspiration
{(chapter 4) and of daily values of the variables (chapter 5). Subsequently
potential evapotranspiration can be calculated from the daily values

{chapter 6).
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4 CALCULATION OF THE ACTUAL EVAPOTRANSPIRATION USING THE 60-MIN AND
20-MIN DATA, AVAILABLE DURING THE GROWING SEASONS

For the years 1976 to 1984 actual evapotranspiration has been calculated
for the period of the growing season (April 15 to September 14). For the
years 1976 to 1978 hourly, instantaneous, data of temperature at three
levels and the wind velocity were used. From these data the hourly sen-
sible heat flux could be calculated by applying Monin-Obukhov theory. From
the energy balance evapotranspiration, AE, could be estimated indirectly

following the expression:

M =R, - 6 - H

in which:
R, = net radiative flux (W/m?)
G soil heat flux (W/m?)
H = sensible heat flux (W/m?)

From the results daily values of AE were calculated. Full account of the

method is given in Stricker and Brutsaert (1977} and Geraedts (1980).

For the years 1979 to 1984 the 20-min averaged dry and wet bulb tempera-
ture differences and wind velocity differences were applied for calcu-
lating the actual evapotranspiration. Again the same method, as explained
before, could be applied and alsoc the Bowen ratio-energy budget method in
case wet-bulb temperature measurements were available.

The 20-min results were added to daily wvalues. A full description of
methods can be found in Chatillon (1988). Results are also demonstrated in
Report mo. 4 of CHO-TNO (1984).
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5 CALCULATION OF THE DAILY VALUES OF THE MEASURED VARTABLES

From the basic data files (the corrected and calibrated hourly or 20 minu-
tes v&lues) daily data are calculated. Due to missing wvalues in the basic
data files, missing values in the daily data files occur too. In this
chapter an account will be given of how data completion of the daily data
files has been achieved having data from the same or another meteorologi-

cal station.

One should realize that not all the variables measured are computed into
daily values. Especially for the temperature profile and the windprofile
it is of no_meaning to compute daily wvalues. These data are only used
for computation of the actual evapotranspiration. For the dry bulb tem-
perature, the wet bulb temperature and the ﬁindvelocity daily values are
computed from the measurements carried out at about 2 meter above the

soii surface. See table 5.1 for the available data.

- For the precipitation and the sunshine duration daily values are the
cumulative hourly or 20 minutes wvalues from 00.00 hour up to 23.00

respectively 23.40 hour.

Much effort has been spent on the completion of the daily data files.
Different authors, i.e. Jongerius {(1984), Chatillon (1988) and this author

have followed the same approach.

In case of missing values several expressions for substitution are used.
The applied relations originated either from corresponding variables from
the back up system installed at the meteorological site either from the
KNMI metecrological station at Winterswijk (10 km apart from Hupsel) or
either from the meteorological station of the Agricultural University in

Wageningen (80 km apart).
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Table 5.1 Summary of the available daily data of the Hupselse Beek.

Name Period Remarks

Global radiation (A)* 1979-1987

Net radiation (A} 1976-1987

Precipitation (C)¥ 1976-1987 JTill 1982 instantanoues

Groundwater level at }values at 0.00 hour

met. station Assink (M, A)* 1976-1987 }From 1982 daily averaged

Ground water level near . }values

met. station Assink at

arable land (M, A) © 1983-1987 measured from 1976

Dry bulb temperature (A) 1976-1987

Wet bulb temperature (A) 1983-1987 measured from 1979, summer
peried

Wind velocity (A) 1976-1987

Relative humidity (A) 1976-1987

Sunshine duration (C) 1977-1980

Soil heat flux (A) 1976-1987 Till 1982, calculated by

soil temperatures at six
levels. From 1982 measured
by three flux plates

A = averaged value

C = cumulative value
M = momentaneous value
5.1 Global radiation

A good correlation exists between the measured daily wvalues at the meteo-
rological station in Wageningen and 'Assink', Hupsel. See for example
Chatillon (1988), page 46-47. The following expressions and correlations
were found: |

January 1983 : Rgh

July 1983 : Rgh
With Rgh: daily global radiation at Hupsel meteorclogical station [W/m?]

0.99%Rgw + 0.355, corr. coeff. = 0.98
1.00%Rgw + 2.55, corr. coeff. = 0.89

1]

Rgw: daily global radiation at Wageningen meteorological station
[W/m?]

Missing wvalues for global radiation in the daily data set of Hupsel were

completed by converting the values measured in Wageningen and applying the

given expressions.



14

5.2 Net radiation

For the period March, 1976, till January, 21, 1979 missing daily values of
net radiation for Hupsel have been completed with net radiation data
measured in Wageningen. For the missing period January 1979 till April 4
1979 the same procedure has been followed applying the regression formula
(1), see below.

For the period April 1979-1982 missing values have been calculated by a
regression equation, formula (2), between global radiation and net radia-
tion, both from Hupsel. For the period 1983-1987 missing values have been
calculated from net radiation measured in Wageningen, formula (2) or, if
both values failed, it has been calculated from global radiation measured
in Hupsel, formula (3).

From Meijles (1983, page 3) and Chatillon (1988, page 45-46) the following.

relations have been derived:

(1) Roh = 0.775 *Rnw - 1.8 [W/m®?], corr.coeff. = 0.91
(2) Rnh = 01.08 *Rnw - 7.15 [W/m?], corr.coeff. = 0.99
(3) Rnh = 0.48 *Rgh + 2.0 [W/m?], corr.coeff. = 0.98

With Rnh and Rnw: net radiation from respectively Hupsel and Wageningen.
[W/m?] | |
Rgh : global radiation from Hupsel [W/m?]

5.3 Precipitation

Several rain gauges have been installed at the meteorological station
'Assink'. For the completion of missing values in the daily time series of
the Recover-rain gauge the values collected with the Snowrecover are used.
An important reason for taking the Snow Recover is that most missing
values in the Recover data happens during the winter peried. The snow
Recover is a rain gauge of the same type but with a snow head during
winter period and heating facilities from November till April.

Lineair regression on data in the winterperiods of 1979, 1980 and 1981

gives the relation between the Snowrecover {SNRER) and the Recover {RECO):
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RECO = 0,03 + 0,98 # SNRE; [mm/day];corr. coeff. = 0,98

However, it may be said that missing values of precipitation were not fre-

guent in number.
5.4 Groundwaterlevel at ‘'Assink' and near 'Assipnk’ (arable land)

For missing values in both time series lineair interpolation is used when
it only concerns a limited dry period (hours). Longer periods with missing
values still have to be completed by using data of other cbservation wells

in the catchment. However, not many data were missed.
5.5 Dry bulb temperature

Missing values in the daily time series for the dry bulb temperature can
be completed directly by analyzing the chart registration of the thermo-
hygrobarograph in Hupsel. Good agreement exists. However, both Jongerius
(1984, page 11) and Chatillon (1988, page 49) applied also the following
relation between temperature data from Hupsel (Tdh) and Wageningen (Tdw).

Tdh = 0.99%Tdw + 0.05, corr.coeff. = 0.99

They conclude that daily dry bulb temperature values measured in

Wageningen can substitute directly missing daily values in Hupsel.

Consequently in practise larger periods with missing values were completed
by data from Wageningen and short periods with missing values by values,

obtained by the instrument in Hupsel.
5.6 Wet bulb temperature

During the winterseason no wet bulb temperature has been measured. In the
period from April, 1, till October, 1, no completion of the data has been
undertaken. One can easily campute missing values of wet bulb temperature

by using dry bulb temperature and relative humidity. Both are available in
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the records.

The relations are:

e = R.Hum x eg(Tq) with eg(Tq) = £(Tg)
e = eg(Ty)-7{Td-T,) with eg(Ty,) = £(Ty)
e = actual vapour pressure at average daily dry bulb Temp [mbar]

eg = sat. vapour pressure at average daily dry and wet bulb Temp [mbar]

Y = 0.66 {‘gbﬁ]

K.

5.7 Windvelocity at 2 meter height

From the 20 minutes data of wind velocity at three levels daily values are
computed for wind velocity at 2 meter height. From April 1985 measurements
at 2 meter height have been carried out directly.

Wind velocity at 2 meter has been derived by applying logarithmic windpro-
file theory as a fair approximation. Departing.from the daily values at
the 3.97 m the following expression is valid for conversion to wind velo-

city at 2.00 m:
u(3.97)/u(z2.00) = 1n 3.97/In 2.00 = 1.12

These 2.00 m data will be used in the potential evapotranspiration ex-

pressions in chapter 6.
Completing scarcely missing values in the daily data file wind velocity
values at 2 meter height from Wageningen are used according to the rela-

tion derived by Chatillon {page 48}:

Uh = 0.72 Uw + 1.10 [m/sec], corr.coeff. = 0.9%4
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with Uh: windvelocity in Hupsel

Uw: windvelocity in Wageningen

5.8 Relative humidity

For short periods missing daily values have been collected from the ther-

mohygrobarograph.

For longer periods missing relative humidity data have been taken from
either Winterswijk directly (1976 to 1982) or Wageningen (1983 to 1987).
Chatillon (page 49) found that average daily water vapour deficit wvalues
for Hupsel and Wageningen agree well. In section 5.6 it is already said
that dry bulb temperature values from Wageningen agree very well to Hup-
sel. Because of these good relationship R.H.-values from Wageningen can be

transferred to Hupsel.

5.9 Sunshine duration

As mentioned before, sunshine duration was measured by a Haenni solar-
meter.

In case of (scarcely) missing values in the daily sunshine duration record
values of the Campbell Stokes observations in Hupsel have been used. If
both registrations were defect sunshine duration from Wageningen has been

taken. The following lineair relation is valid:
sh = 0.85 % Sw + 0.03, corr.coeff. = 0.92
Sh: Sunshine duration Hupsel [hours]
Sw: Sunshine duration Wageningen [hours]
5.10 Wind direction
No daily values have been calculated for the winddirection.

5.11 Soil heat flux

Missing values of the soil heat flux (G) have been derived from a lineair
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relation between net radiation (Rnh) and dry bulb temperature (Tdh). The
linear relationship is given by Chatillon, page 48:

G =0.08* Rnh + 0.4 % Tdh - 4.60 [W/m2], corr.coeff. = 0.7

Supplementary, a second regression calculation h#s been done for values
surrounding the miséing period. A systematic difference between measured
and calculated values for the surrounding values has been taken as an

additional correction.
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6 POTENTIAL EVAPOTRANSPIRATION ABOVE GRASS

6.1 The formulations

There are many formulae available for estimating potential evapotranspira-
tion. In this chapter Penman, Thom & Oliver, Priestley & Taylor and
Makkink will be reviewed.

Table 6.1 Summary of available daily evapotranspiration data from the
'Hupselse Beek' catchment.

Name Period Remarks

Actual evapotranspiration 1976-1984 only during summer period and
about 10% missing values

Penman 1976-1987 with "weak' windfunction

Priestley and Taylor 1976-1987 with « = 1.28 and only May,
June,July,August and September

Thom and Oliver 1976-1987

Makkink 1 (standard) 1979-1987

Makkink 2 (including 1982-1987

scil heat flux)

Input variables consist of daily values measured at 2 meter above ground
surface, or converted values which are representative for measurements

carried out at 2 meter height.
For the vapour pressure of air at saturation (Es) or for the slope of the
saturated vapour pressure curve at air temperature (S) the Claustro
Clapeyron expression 1s used.

Es = 1.333 % (aa + as¥T + at¥T¥%2 + au¥Th*3 + guiT¥ks4) [mbar]
and with S = d Es/d T

8 = 1.333 % (as + 2%at¥T + 3JfquhTid2 + LigydTHe3) [mbar /X]
The constants are:

4.58
0.333

aa

as
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at = 0.1065
au = 0.0001873
av = 0.00000322

6.2 Penman
The Penman formula is expressed by:
ETPE = s/(s+Y)*(Rn-G) + 7/{(s+Y)}¥*£f(u)*DE

with:

ETPE : Penman potential evapotranspiration in W/m?

s : slope of the curve relating the saturation vapour pressure
versus the air temperature

u : psychrometric constant = (.66 mbar/K

DE : water vapour pressure deficit in the air
DE = ES-E=Es(1-E/Es)=Es¥*{1-RH)

f(u) : the wind function, here the weak wind function is used
f(u)=0.26%(0.5 + 0.54u)

u : mean wind speed at 2 meter height in m/sec
6.3 Thom and Oliver formula

Thom and Oliver (1977) proposed a formulation for the potential evapo-
transpiration which includes the effects of regional surface roughness and

bulk stomatal resistance of the vegetation. The formulation is:
ETTO = s/{(s+7*%(1+n)) * (Rn-G)} + m*7/(s+7*(1+n)) * £(u)*DE [W/m?)

f(uw) : the wind function, here the strong wind function is used
f(u)=0.26%(1.0+0.54%u)
n=rc/ra : ratio of the canopy resistance (rc) to the aerodynamic

resistance (ra) of water vapour transport
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rc = 65 s/m, for grass under well watered circumstances
ra = 4.72%[1n(z/20) ]**2/£(u)
m : ratio of the aerodynamic resistance of water as expressed by

Penman to the aerodynamic resistance over grass

m = [1n(z/zop)/In{z/z0) ) ]¥*¥*2

z = 2.00 meter
z0 = 0.01 meter : aerodynamic roughness of a grass surface

zop = 0.00137 meter: surface aerodynamic roughness of water

The formulation of Penman and Thom & Oliver can be applied during the

whole year in principle.
6.4 Priestley and Taylor

The idea behind this formulation is that latent heat fluxes are strongly
governed by the net radiation. This leads to the following expression:

ETPE = o * s/{s+Y} * (Rn - G)

For the parameter o originally the value a = 1.26 was proposed, but may be

somewhat higher. Here 1.28 has bheen used.

The formulation fails under circumstances when evapotranspiration is
strongly determined by large scale advection and less by radiation. So
from September/October till April/May it is better to avoid the use of the

expressure for our latitude.

6.5 Makkink

Makkink developed an experimental formula. The main purpose was to get a
reasonable accurate estimate of potential evapotranspiration by a formula

which only depends on a few, easily measurable, variables.



22
The expression proposed is:

ETM1 = C1 * s/(s+Y) % Rg + C2

Cl and C2 are constants in the expression.
Here the value of C1 is 0.65 and C2 is 0.

If the soil heat flux is taken into account, with the same weight as in

the Priestley and Taylor expression, the following formula is obtained:
ETM2 = C1 * g/(s+Y) * (Rg - 2G)

More recent analysis shows that the expressions of Priestley & Taylor and
Makkink can be fairly reasonable explained by atmospheric behaviour.

A computer program, containing the formulations, can be found in Appendix
F.
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APPENDIX A: CALCULATION OF SOIL HEAT FLUX

Period March 1976 till June 1981 (except the period of the Ist of January
1979 till the 5th of April 1979).

Method : calorimetric method
Description: From soil temperature profiles at 0.00 h. and 24.00 h. the
change of heat storage is calculated. Storage change is a

function of soil heat capacity, including scil moisture.

n
Expression : G(t) = X {(T (i)-T (i) * c(i,t) * z(i)}

i=1 24 0
with : G = daily soil heat flux
n = number of compartments
i24’ i = mean temperature of compartment i at time 24.00 h.

and 0.00 h. respectively

2z = thickness of compartment i
¢ = heat capacity of compartment i at time t
Remark : Because the lowest compartment between 0.6 and 2.50 m is

extremely large with respect to the upper layers, the lowest
compartment has been averaged over 10-days period. This is
to avoid too large, unrealistic fluctuations of soil heat

flux by the lowest compartment.
Period 14 june 1981 till March 1987

Method : Direct measurement of soil heat flux

Description: Special prepared plates, which have conductivities com-
parable with the soil type at soil meoisture content of 20%.
Three plates in serial combination. Depth at 5 cm.

Expression : Philip (1961}

- .1+ (e - 1) H
Hsoil - leate ¥ € (4)

and H=1 - 1.92 T/D and ¢ = lplate/x

soil



with

Remark
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Hgoi1 : soil heat flux [W/m?]

Hplate : Plate heat flux measured

plate : 0.45 W/mk; conductivity of the plates
Agoil : conductivity of the soil

4.2 x 10% ((4.05 x 10°%) * 8 + 2.17 x 10°%) W/mk

8 soil moisture content
For 0 between 10% and 30% it follows from expression (A):
Hsoilall = 1,18 £ 0.07
That means that all the measurements get finally a correc-

tion factor of 1.18 as a mean value.
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APPENDIX B: SCHEME OF DATA PROCESSING AND DATA CONTROL OF THE
"HUPSELSE BEEK"
PROCESSING CONTROL
A
Hupsel data on Quality control
magnetic tape and on_line and incidental
praint
punched tape corrections
1
i
1
Lay-out Repair or calibration
control of instrumentation
programmes by technical service
e
@ rough files
ig in data system incidental
2 corrections

L

corrected and rear-

ranged files

print —

contrel on

corrections

calibration curves

and zero-point

corrections

control of

computer
programme
L
definite .
, print
files S
calculations.

From: Warmerdam a.o. {1982)

definite files
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APPENDIX C: CORRECTIE OP DE RUWE METEOROLOGISCHE GEGEVENS
CORRECTION OF THE RAW METEOROLOGICAL DATA BY CALIBRATION

Periode maart 1976 t/m december 1979

Netto straling (W/m®): gem. uur intensiteit
Yking: TDFL, 1976

Correcte meetwaarde = meetwaarde x 1.087

Windsnelheid (dmjfsec) : uurgemiddelde

Yking: 12 oktober 1978 en 22 maart 1979 in windtunnel van de vakgroep
Natuur- en weerkunde.

Correcties zijn in tabelvorm uitgevoerd over intervalleﬂ van het wind-
snelheidstraject. .

De gebruikte ijkrelaties staan vermeld in het computerprogramma behorende
bij de scriptie van J.M. Geraedts (1980). De ingevoerde standaard relatie
voor de Thiess-anemometer was 2 pulsen/sec = 1 m/sec windsnelheid. Hierop

is dus gecorrigeerd.

Grondwaterstand op 'Assink’ meteoveld

Idem als voorgaande.

Relatieve luchtvochtigheid
Tot 8 juni 1977 geen correcties noodzakeli jk.
Vanaf 9 juni 1977 t/m 31 december 1978 zijn er geen correcte uurwaar-

nemingen i.v.m. defect aan de haarhygrometer.

Neerslag

- Cumulatief gemeten.

- Willekeurig optredende flotter-fluctuaties tijdens droog  weer
{jutteren) wvan plus of minus één registratie-eenheid zijn geélimineerd.

- De uurwaarden van de neerslag zijn berekend door twee opeenvolgende
cumulatieve waarden van elkaar af te trekken en te vermenigvuldigen met
de conversiefactor 0.12.

Het resultaat is op 0.1 mm afgerond.
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Temperaturen
A. Op hoogten 10, 150 en 300 cm boven maaiveld.
De sensoren zijin geijkt op 30 maart 1977 en 15 april 1979. Op 17 mel
1977 is de sensor op 300 cm vervangen. De resultaten van de ijkingen
zijn de volgende en tevens wordt aangegeven hoeveel de geregistreerde
temperatuur gecorrigeerd moet worden (AT).
. IJKINGEN
30 maart 17 mei 15 april
gereg. 1ijk- AT gereg. ijk- AT gereg. ijk- AT
temp. temp. : temp. temp. temp. temp.
Tio 0.0 -0.22  -0.2 0.0 -0.03 0
10.4 10.17  -0.2 12.1 12.12 0
20.6 20.40 -0.2 18.9 19.00 +0.1
30.0 29.91 -0.1 30.0 30.10 +0.1
T150 0.0 -¢.08 -0.1 0.0 -0.025 0
10.2 10.12 -0.1 12.1 12.12 0
20.3 20.25 0 19.0 19.0 0
29.9 29.89 0 30.0 30.1 +0.1
T300 0.0 -0.23  -0.2 0.0 0.01 0 0.0 0.02 0
10.7 10.45 -0.2 11.3 11.37  +0.1 10.5 10.62 +0.1
20.5 20.27 -0.2°  20.5 20.47 0 19.9 19.97 +0.1
30.1 29.96 -0.1 32.9 32.90 0 30.0 30.13  +0.1
De correcties op de temperaturen 2zijn als volgt verwerkt. Over de
periode wvan april 1976 tot 17 mei 1977 zijn de temperaturen gecorri-
geerd op basis van de ijking van 30 maart 1977, Geen tijdsverloop is
aangebracht.
Over de periode 17 mei 1977 t/m 31 december 1978 zijn de correcties
aangebracht op grond van de ijkingen van 30 maart 1977 en april 1979
voor de voelers op 10 en 150 cm. Er is in de tijd lineair geinter-
poleerd, stapsgewijs. Voor de voeler op 300 cm zijn de ijkingen wvan
17 mei 1977 en april 1979 gebruikt.
B

: Temperaturen in de bodem op respectievelijk 2, 5, 10, 25, 60 en 250 cm.

Hierop zijn geen correcties aangebracht. Deze waren onbekend en boven-
dien is bij de berekeningen gewerkt met temperatuurverschillen in de
tijd (1 dag of 10 dagen} voor dezelfde voeler. Aangenomen wordt dat met
deze aanpak een minimale fout wordt gemaakt in de berekeningen van de

bodemwarmteflux tengevolge van afwijkingen van de temperatuurvoelers.
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Periode april 1979 t/m maart 1987

1 OPMERKINGEN VOORAF

2 SYSTEMATISCHE CORRRECTIE 20 MINUTEN WAARDEN
Globale straling [w/m?].

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

2.9

2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20

Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal
Kanaal

Kanaal

W 0N W N

I R R R R T = T o T = T
D W s PN o

Netto straling [w/m®].

Neerslag [mm]

Grondwaterstand Proefveld [mm-mv]

Grondwaterstand bouwland [mm-mv]

Droge
Droge
Droge
Natte
Natte
Natte

bol
bol
bol
bol
bol
bol

temperatuur
temperatuur
temperatuur
temperatuur
temperatuur
temperatuur

op
op
op
op
op
op

1.30
3.15
7.14
1.30
3.15
7.14

Windsnelbheid op 2.14 m hoogte

Windsnelheid op 3.97 m hoogte
Windsnelheid op 9.48 m hoogte

m hoogte
m hoogte
m hoogte
m hoogte
m hoogte
m hcogte
[cm/sec]
[cm/sec]

[cm/sec]

Oppervlakte temperatuur [0.1 K]
Relatieve luchtvochtigheid [vol %]

Zonneschi jnduur [0.1%]

[0
[0
{0
[0
[0
[0

.01 K]
.01 K]
.01 K]
.01 K]
.01 K]
.01 K]

Windrichting [in graden t.o.v. het noorden]

Bodemwarmtestroom [w/m?]

Gereflecteerde kortgolvige straling [w/m?]
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1 OPMERKINGEN VOORAF

"Bij het gebruik van data afkomstig wvan het meteorologisch station Assink
te Hupsel behoort men zich te realiseren dat deze data de nodige bewer-
kingen ondergaan hebben. Het doel van deze bewerkingen is om de data =zo
aan te leveren dat een willekeurige gebruiker deze direct kan gebruiken

zonder zich nog te behoeven bekommeren om de juistheid van deze data.

De data worden elke 20 minuten ingewonnen. De ruwe data worden allereerst
visueel nagelopen op onbetrouwbare waarnemingen zoals default waarden,
onverklaarbare sprongen en extremen t.g.v. defecte sensoren. Na deze cor-
recties worden hiaatinvullingen verricht op de 20 minuten cijfers, mits
deze invullingen een beperkt aantal tijdstappen betreffen en uit andere,

correcte kanalen een "trend" te analyseren valt.

Vervolgens worden op de 20 minuten data de systematische correcties toege-
past. Aan de hand van ijkingen, verricht door o.a. de TFDL, worden per
kanaal en voor een bepaalde periode de ijkcorrecties uitgevoerd. Deze
bewerking bestaat, afhankelijk wvan het kanaal, uit het bewerken wvan de
data of uit het omwerken naar gangbare eenheden, zoals bij de neerslag en

bij de windsnelheid.

In deze bijlage worden de systematiche correcties op de gegevens beschre-
ven. Er zal regelmatig verwezen worden naar een rapport van Jongerius
(1984). Dit rapport beschrijft in extenso het gebruiksgereed maken van een
aantal kanalen voor de periode april 1979 t/m 1982. Het rapport werd op-
gesteld ten behoeve van de berekeningen van actuele en potentiéle wver-
damping voor de vergelijking van onverzadigde modellen (CHO-TNO rapport,
1984).
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2 SYSTEMATISCHE CORRECTIE 20-MINUTENWAARDEN

2.1 Kanaal 1 Globale straling [w/m?]

790404
meetw.

meetw,

801124
meetw.

meetw.

810326
meetw.

meetw.

830101
meetw.

meetw.

840315
meetw.

meetw.

840507
meetw.

meetw.

850614
meetw.

meetw.

1A

A ¢

v

1A

A

A

IA

Iv

14.40 t/m 801124 - 10.

0 + correcte waarde

0 » correcte waarde

10.20 t/m 810326 - 10.

0 -+ correcte waarde

0 - correcte waarde

10.40 t/m 821231 - 23

1 » correcte waarde

1 »+ correcte waarde

00.00 t/m 340315 - 10.

1 + correcte waarde

L]

1 + correcte waarde

11.00 t/m 840507 - 10.

1 »+ correcte waarde

1 »+ correcte waarde

10.20 t/m 850614 - 10
1 »+ correcte waarde =

1 + correcte waarde =

10.40 t/m 870303
1 + correcte waarde =

1 + correcte waarde =

00
0
(meetw.

20

{meetw.

40

(meetw.

40

(meetw.

00

{(meetw,

.20

(meetw.

{meetw.

4)

2)

1)

1)

1)

1)

1)

* 1,01

* 1.02

* 1.026

* 0.975

* 1.02

* 1.02
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2.2 Kanaal 2 Netto straling [w/m?]

790404 - 14.40 t/m 790430 - 23,

meetw. >
meetw. =

meetw. <

790501 -
meetw, >
meetw. =

meetw. <

790601 -
meetw. >

meetw. <

790601

meetw. >

meetw. =

0 » correcte waaxde
0 -+ correcte waarde

0 > correcte waarde

00.00 t/m 790531 - 23.
Q0 » correcte waarde
0 » correcte waarde

0 » correcte waarde

00.00 t/m 790630 - 23

0 » correcte waarde

0 » correcte waarde

00.00 t/m 800904 - 19

0 » correcte waarde

0 » correcte waarde

40
(meetw.
(meetw.

(meetw.

40
(meetw.
{meetw.

(meetw.

.40

{meetw.

(meetw.

.20

{meetw.

(meetw.

Voor COEFF gelden de volgende waarden:

7906 :
7907 :
7908 :
7909 :
‘7910 :

7911

7912 :
8001 :
8002 :
8003 :
8004
8005 :
8006 :
8007 :
8008 :

8009

o O O Q@ ©C O 0 0 0 o o o o o o o

.9925
.99
.9875
.985
.9825
.98
.9775
.975
L9725
.97
L9675
.965
.9625
.96
L9575
.955

9)
11)
13)

9)
11)
13)

9)
11)

9)
11)

0.9975
0.9975
0.9975

0,995

% 0.995

%

*

%

0.995

0.9925
0.9925

COEFF
COEFF



800909
meetw. >

meetw. <

801001

correcte

801101 -

correcte

801104

meetw., >

meetw,

meetw. <

801124 -
meetw., >
meetw. =

meetw. <

810201

correcte

810212

meetw. >

fl

meetw.

meetw. <

810327 -

810429 -
810601 -
810720 -
810807 -
810816 -
810818 -
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14.20 t/m 800930 - 23.40
0 -+ correcte waarde = (meetw. * 0.955) + &4

0 » correcte waarde = meetw. * 0.95

00.00 t/m 801031 - 23.40

waarde = meetw. * 0.9525

00.00 t/m 801103 - 23.40

waarde = meetw. * 0.955

00.00 t/m 801106 - 07.40

0 + correcte waarde = (meetw. - 7) % 0.95
0 + correcte waarde = {(meetw. - 9) % 0.95
0 -+ correcte waarde = {meetw. - 11) % 0.95

16.00 t/m 801210 - 15.00

0 -+ correcte waarde = (meetw. * 0.95) + 2
0 + correcte waarde = meetw. ¥* 0.95
0 + correcte waarde = (meetw. * 0.95) - 2

00.00 t/m 810201 - 09.20
waarde = {meetw. - 2) % 0.945

11.20 t/m 810326 - 10.20
{meetw. * 0.945) + 1

0 » correcte waarde

]

0 + correcte waarde meetw. ¥ 0.945

0 » correcte waarde = (meetw. * 0.945) - 3
14.20 t/m 810428 - 23.40 : def. meetw. =
0.00 t/m 810601 - 8.40 : def. meetw. =

15.00 £/m 810719 - 23.40 : def. meetw.

0.00 t/m 810807 - 21.00 : def. meetw. =
21.20 t/m 810816 - 14.00 : def. meetw. =
14.20 t/m 810818 - 2.00 : def. meetw. =

2.20 t/m 810820 - 19.40 : def. meetw, =

{meetw.

{meetw.

{meetw.
{meetw.
meetw.

(meetw.

- 2) x 0.94
- 9) x 0.94

0.94 X meetw.

- 2) x 0.94

x 0.94) - 15
x 0.94

x 0.94) - 15
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810820 - 20.00 t/m 810821 - 0.40 : def. meetw. x 0.94

810821 - 1.00 t/m 810830 - 7.20 : def. meetw. = (meetw. x 0.94) - 15
810830 - 7.40 t/m 810831 - 0.00 : def. meetw. = meetw. x 0.94

810831 - 0.20 t/m 810901 - 14.40 : def. meetw. = (meetw. - 15) x 0.94
810901 - 15.00 t/m 810902 - 23.40 : def. meetw. = meetw. x 0.94

810903 - 0.00 t/m 810903 - 23.40 ; def. meetw. = (meetw. - 15) x 0.94
810904 - 0.00 t/m 810904 - 23.40 : def. meetw. = meetw. x 0.94

810905 - 0.00 t/m 810906 - 6.40 : def. meetw. = meetw. x 0.94

B10906 - 17.00 t/m 810906 - 18.00 : def. meetw. = meetw. x 0.94

B10906 - 18.20 t/m 810907 - 20.20 : def. meetw. = meetw. x 0.94

810907 - 20.40 t/m 810909 - 14.40 : def. meetw. = (meetw. - 15} x 0.94
810909 - 15.00 t/m 810911 - 14.40 : def. meetw. = meetw. x 0.94

810911 - 14.20 t/m 810912 - 8.40 : def. meetw. = (meetw. - 15) x 0.94
810912 - 9.00 t/m 810912 - 19.20 : def. meetw. = meetw. x 0.94

810912 - 19.40 t/m 810913 - 16.40 : def. meetw. = (meetw. - 15) x 0.9%94
810913 - 17.00 t/m 810915 - 9.40 : def. meetw. = meetw. x 0.94

810915 - 10.00 t/m 810918 - 23.00 : def. meetw. = (meetw. - 15) x 0.94
810918 - 23.20 t/m 810919 - 6.40 : def. meetw. = meetw. x 0.94
.810919 - 7.00 t/m 810923 - 9.40 : def. meetw. = (meetw. - 15) x 0.94

- Van 23 september 15.20 uur t/m 27 oktober 10.00 uur staat dit gegeven
tijdelijk op kanaal 31 van datalogger in het DT BEST. Correcties op dit
gegeven over deze periode:
correcte meetwaarde = meetwaarde x 3.57 en afronden op hele waarde.

- Vanaf 27 oktober 1981 om 15.20 uur staat gegeven weer op kanaal 2 wvan
datalogger in DT BEST.

Correcties op het gegeven over de navolgende perioden:

van 27 oktober 1981 - 15.20 uur t/m 21 maart 1982 - 23.40 uur:
correcte meetwaarde = meetwaarde - 1

Van 22 maart 0.00 uur 1982 t/m 31 december 1982 - 23.40 uur:

correcte meetwaarde = meetwaarde

830101 - 00.00 t/m 831231 - 23.40 correcte waarde = meetw. - 1
840101 - 00.00 t/m 840315 - 10.40 correcte waarde = meetw. * 1.04
840315 - 11.00 t/m 840507 - 10.00 correcte waarde = meetw. * 1.17

I
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840507 - 10.20 t/m 840613 - 23.40 correcte waarde = meetw. * 1.04
840614 - 00.00 t/m 840831 - 23.40 correcte waarde = meetw. * 1,04

- Tijdens neerslag tussen 19.00 unr en 8.00 uur
-+ op hiaatwaarde (9999).
Nadat neerslag = 0, gedurende de 8 volgende tijdstappen
+ op hiaatwaarde.
- Neerslag tussen 08.20 uur en 18.40 uur
-+ op hiaatwaarde.
Nadat neerslag = 0, gedurende de volgende 5 tijdstappen
-+ op hiaatwaarde.
840901 - 00.00 t/m 841231 - 23.40 correcte waarde = meetw. ¥* 1.04
- Tijdens neerslag en de 8 volgende droge tijdstappen
+ op hiaatwaarde.
Indien hierna de relatieve vochtigheid (meetwaarde) = 93.5%
-+ op hiaatwaarde.
850101 - 00.00 t/m 850605 - 23.40 correcte waarde = {meetw.+ 1) % 1.04
- Tijdens neerslag en de 8 volgende droge tijdstappen
+op hiaatwaarde. )
Indien hierna de relatieve vochtigheid (meetwaarde) = 93.5%
+ op hiaatwaarde.
850606 - 00.00 t/m 850719 - 23.40 correcte waarde = (meetw. + 1) * 1.04
850720 - 00.00 t/m 860326 - 23.40 correcte waarde (meetw. + 1) * 1.04

1

- tijdens neerslag en de volgende 8 droge tijdstappen
+ op hiaatwaarde.
Indien hierna de relatieve vochtigheid (meetwaarde) 2 93.5%
+ op hiaatwaarde.

860327 - 00.00 t/m 870303 correcte waarde = (meetw.+ 2)}%* 1.04

2.3 Xanaal 3 Neerslag [mm]

De hoeveelheid neerslag wordt bepaald aan de hand van de niveaustijging
van een vlotter in het opvangbassin. Voordat omgerekend wordt wvan het
niveauverschil naar een hoeveelheid regen moet men bedacht zijn op een
aantal verstoringen.

- Een ingrijpende verstoring wvan het vlotterniveau is het ledigen van de

tank.
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Een vaak voorkomende verstoring 1s het =zogenaamde jutteren van de
vlotter. Dit wordt vercorzaakt doordat zonder enige aanleiding het
niveau van de vlotter één eenheid stijgt of daalt onder droog weer-

situaties.

Na correctie voor deze verstoringen moet men uit de stijging van het vlot-

terniveau de hoeveelheid neerslag bepalen. Hierbij komt één eenheid over-

een met 0.12 mm neerslag.

2.4 ZKanaal 4 Grondwaterstand Proefveld [sm-mv]

Correcte waarde = meetwaarde.

2.5 Kanaal 5 Grondwaterstand Bouwland [mm-mv]

Correcte waarde = meetwaarde.

2.6 Kanaal 6 Droge bol temperatuurverschil* [0.01]

830101 - 00.00 t/m 8306067 - 09.00 correcte waarde = meetw.
830607 - 09.20 t/m 830816 - 08.20 correcte waarde = meetw.
830816 - 08.40 t/m 831231 - 23.40 correcte waarde = meetw.
840507 - 15.00 t/m 840606 - 23.40 correcte waarde = meetw.
840607 - 00.00 t/m 840824 - 10.00 correcte waarde = meetw. -
840829 - 10.40 t/m 841009 - 10.00 correcte waarde = meetw, +

"tussen 1.30 m en 3.15 m boven het maaiveld.

+ + + +
H = W W N

Na 841009 zijn geen verschilmetingen meer uitgewvoerd.

2.7 Kanaal 7 Droge bol temperatuur op 3.15 m hoogte [G.01]

o

vanaf 850422 is de droge bol temperatuur op 2.30 m hoogte gemeten

Voor kanalen 6, 8, 9, 10 en 11 zijn de correcties op de meetwaarde voor
de periode 1979 t/m 1982 vermeld in Jongerius (1984).
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Correcties:

Periode 4 april 1979't/m 24 september 1979 - 9.40 uur:

Indien meetwaarde < 0, dan correcte meetwaarde = meetwaarde.
Indien meetwaarde tussen 0 en 100, dan correcte meetwaarde = meetwaarde
x 1,04 en correcte meetwaarde afronden op gehele waarde.

Indien meetwaarde > 100, dan correcte meetwaarde = meetwaarde + 4.
Periode 25 september 1979 - 12.40 uvur t/m 22 oktober 1979 - 10.40 uur:

Indien meetwaarde < 0, dan correcte meetwaarde = meetwaarde.
Indien meetwaarde groter dan 0 en kleiner dan of gelijk aan 200, dan
correcte meetwaarde = meetwaarde + 1.

Indien meetwaarde groter dan 200, dan correcte meetwaarde = meetwaarde.
Periode 24 oktober 1979 - 16.40 uvur t/m 3 september 1980 - 9.20 uur:

Indien meetwaarde £ 0, dan correcte meetwaarde = meetwaarde.

Indien meetwaarde £ 50, en groter dan 0, dan correcte meetwaarde =
meetwaarde x 1.06 en afronden op gehele waarde.

Indien meetwaarde groter dan 50 en kleiner dan 150 dan correcte meet-
waarde = meetwaarde + 2.

Indien meetwaarde groter dan 150 of gelijk aan en kleiner dan 250, dan
correcte meetwaarde = meetwaarde + 1.

Indien meetwaarde groter dan of gelijk aan 250, dan correcte meetwaarde

= meetwaarde.
Periode 3 april 1980 - 14.20 uur tfm 14 augustus 1980 - 9.20 uwur:

Indien meetwaarde < 0, dan correcte meetwaarde = meetwaarde.

Indien meetwaarde 2 0, en kleiner dan 50, dan correcte meetwaarde

{meetwaarde + 1} x 1,04.

it

Indien meetwaarde 2 50 en kleiner dan 100, dan correcte meetwaarde

meetwaarde + 3.
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d. Indien meetwaarde 2= 100 en kleiner dan 200, dan correcte meetwaarde
{(0.98 X meetwaarde) + 5.

e. Indien meetwaarde = 200, dan correcte meetwaarde = meetwaarde.

- Periode 14 sugustus 1980 - 13.40 uwur t/m 20 oktober 1980 - 9.20 uur:

a. Indien meetwaarde < 0, dan correcte meetwaarde = meetwaarde.

b. Indien meetwaarde 2 0 en kleiner dan 100, dan correcte meetwaarde
(meetwaarde + 2}.

¢. Indien meetwaarde 2 100 en kleiner dan 200, dan correcte meetwaarde
(098 x meetwaarde}) + 5.

d. Indien meetwaarde > 200, dan correcte meetwaarde = meetwaarde.
- Periode 20 oktober 16.40 uur t/m 31 december 1982

Correcte meetwaarde = meetwaarde

Vanaf 20 oktober - 16.40 uur geldt: de correcte waarde = meetwaarde

2.8 FKanaal 8 Droge bol temperatuurverschil [0.01K]

tussen 7.14 m en 3.15 m boven het maaiveld.

830101 - 00.00 t/m 830607 - 09.00 correcte waarde = meetwaarde + 1
830607 - 09.20 t/m 840507 - 14.40 correcte waarde = meetwaarde
840507 - 15.00 t/m B40606 - 23.40

meetwaarde > 0 + correcte waarde = meetwaarde

meetwaarde < 0 » correcte waarde = meetwaarde - 2

840607 - 00.00 t/m 840823 - 10.40 correcte waarde = meetwaarde
840823 - 10.20 t/m 840919 - 09.00 correcte waarde = meetwaarde + 1
840919 - 09.20 t/m 841009 - 10.00 correcte waarde = meetwaarde + 7

Na 841009 zijn geen verschilmetingen meer uitgevoerd.

1
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2.9 Kanaal 9 Natte bol temperatuurverschil [0.01K]
Alleen gedurende de periode van 1 april tot 1 oktober of korter.

Verschil tussen 1.30 m en 3.15 m boven het maaiveld.

830101 - 00.00 t/m 830607 - 09.00 correcte waarde = meetwaarde + 1
830607 - 09.20 t/m 841003 - 08.00 correcte waarde = meetwaarde
841003 - 08.20 t/m 841009 - 10.00 correcte waarde = meetwaarde - 10

Na 841009 zijn geen verschil metingen meer uitgevoerd.

2.10 FKanaal 10 Natte bol temperatuur op 3.15 m hoogte [0.1 K]
Alleen gedurende de periode van 1 april tot 1 oktober of korter.
Vanaf 850422 is de natte bol temperatuur op 2.30 m hoogte gemeten.

Vanaf 1983, de correcte waarde = meetwaarde.
Behalve wvan:

841003 - 08.20 t/m 841009 - 10.00 correcte waarde = meetwaarde + 1

2.11 Kanaal 11 Natte bol temperatuurverschil [0.01K]
Alleen gedurende de periode van 1 april tot 1 oktober of korter.

Verschil tussen 7.14 m en 3.15 m boven het maaiveld.

830101 - 0.00 t/m 830607 - 09.00 correcte waarde = meetwaarde.
830607 - 09.20 t/m 831231 - 23.40

temp. £ 50 + correcte waarde = meetwaarde + 1
50 < temp. £ 150 + correcte waarde = meetwaarde + 2
150 < temp. £ 225 + correcte waarde = meetwaarde + 3
temp. > 225 + correcte waarde = meetwaarde + &4

840101 - 00.00 t/m 840507 - 14.40 correcte waarde = meetwaarde
840507 - 15.00 t/m 840606 - 23.40

meetwaarde + 3

temp. £ 50 -+ correcte waarde

50 < temp. < 150 + correcte waarde = meetwaarde + 4

meetwaarde + 5

150 < temp. £ 300 + correcte waarde
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840607 - 00.00 t/m 841003 - 08.00

temp.(1l) < 0 » correcte waarde = meetwaarde + 3

temp.(11) > 0 - correcte waarde meetwaarde + 1

841003 - 08.20 t/m 841009 - 10.00 correcte waarde = meetwaarde - 1
Na 841009 zijn geen verschil metingen meer nitgevoerd.
2.12 Kanaal 12 Windsnelheid op 2.14 m hoogte (cm/sec)

Deze wordt berekend uit het windsnelheidsverschil tussen de metingen op
2.14 m en 3.97 m boven maaiveld. Op 3.97 m wordt de absolute windsnelheid
geregistreerd (zle kanaal 13). De berekening gaat in twee stappen:

1. bepaling van het juiste aantal pulsen/sec. (p)

2. omrekening van pulsen/sec naar windsnelheid (u) via ijkcurven.

ad 1. 790404 t/m 801124 - 09.00 uur:
p = meetwaarde kan. 13 + 4 + {meetwaarde kan. 12 - 4}/10
801124 - 09.20 uur t/m 810327 - 15.20 uur: ‘
p = meetwaarde kan. 13 + 2 + (meetwaarde kan. 12 - 2}/10
810327 - 15.40 uur t/m 810804 - 08.40 uur:
p = meetwaarde kan. 13 + meetwaarde kan. 12/10
810804 - 09.00 uur t/m 810806 - 15.20 uur:
alle meetwaarden op hiaat
810806 - 15.20 uur - 810923 - 15.00 uur:
p = meetwaarde kan. 13 x 0.9
810923 - 15.20 uwur - 841009 - 23.40 uur:

p = meetwaarde kan. 13‘+ meetwaarde kan. 12/10

ad 2. 790304 t/m 810226 - 23.49 uur (Thiess anemometer):
p<13 u=5%p+ 20 (cm/sec)
13 £p <78 u=4,89 % p+ 29
p =78 u=4,5 % p + 59
810227 - 00.00 uvur t/m 810923 - 15.00 uur:
p<19 u=25.3 %p + 20
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= 33 <p <

1A
A

Iv

810923

830101

840316

Na 841009 geen

33

76

76

15

00

12
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5,26 % p + 22
5,02 * p + 30
4,66 % p + 57

.20 uur t/m 821231

u = 9,72

.00 wur t/m B40316
u = 10,043 * p + 16

.20 uur t/m 841009:

- 23.40 uur (KNMI-anemometer}:

* p + 17

- 12.00 uur:

u=29,76 % p + 23

waarnemingen meer op deze hoogte.

2.13 Kamaal 13: Windsnelheid op 3.97 m hoogte (cm/sec) en vanaf 850422

op 1.80 m hoogte

ad 1. Voor het

correcte

kanaal 12 met weglating van

periode 810806 - 810923 de factor 0.9

ad 2. 790404 t/m 810226

p<
23 £ p £
p>

810227

810923

23
93
93

u

u

u

fl

- 23.40 uur
12 + 5,52 %
26 + 4,92 *
61 + 4.53 *

00.00 uur t/m 810923
10 + 5,73 * p

21
85
85

15
11
11

u

u

u

22 + 5,14 *
64 + 4.65 *

.20 uur t/m 820708

u
u

10,36 % p +
9,82 % p +

aantal pulsen gelden de uitdrukkingen wvoor

'+ meetwaarde kan. 12/10' en voor de

{Thiess anemometer):

P
P
p

15.00 uur:

o

- 09.00 vur (KNMI-anemometer):
i3
19
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820708 - 09.20 uur t/m 850415 - 14.20 uur:

I

p<13 u
13£p <100 u-=
p » 100 u

850422 t/m 870303:

u =

15 + 10,1 * p
18 + 9,9 * p
35 + 9,64 * p

+

26 + 9.92 * p

2.14 Kanaal 14 Windesnelheid op 9,48 m hoogte (cm/sec)

Deze wordt berekend uit het windsnelheidsverschil tussen de metingen op

3.97 men 9.48 m., Op 3.97 m wordt de absolute windsnelheid geregistreerd.

De berekening gaat ook weer in twee stapppen;:

1. bepaling van het correcte aantal pulsen /sec (p);

2. omrekening van pulsen/sec naar windsnelheid (u) via ijkcurven.

ad 1. Zie de werkwijze onder 2.12. Vervang hierbij kan. 12 door kan. 14

in alle uitdrukkingen. Ook de factor 0.9 is geldig.

ad 2. 790404 t/m 791210

p < 35 u =
35 £ p < 80 u =
p > 80 u =

791211 t/m 810226
p<71 u =
p271 u =

810227 t/m 810923
p < 62 u =
62 < p <111 u
111 p < 176 u
p > 176 u

]

{Thiess anemometer):
24 + 4,99 % p

26+ + 4,93 * p

58 + 4,52 % p

- 23.40 uur:
27 + 5,05 * p
55 + 4,65 % p

- 15.00 vur:
21 + 5,03 *
53 + 4,52 *
62 + 4,44 %
48 + 4,52 *

I~ B+ B



810923

1A

- 9 o

10
26 £

820319

P
8 =p
48 < p
P

840101

840316

v ' v A A A
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15.20 uur t/m 820319 - 9.20 uur (KNMI-anemometer):

10 wu =16 + 10,08 * p
26 u=20+ 9,68 %p
33 u=18 +9,77 % p
33 u=16+9,82 % p

09.40 t/m 831231 - 23.40 uur:

8 u =10 + 10,62 * p
48 u =19 + 9,60 * p
75 u=16 + 9,66 * p
75 u =21 +9,59 *p

00.00 uur t/m 840316 - 12.00 uur
u= 30+ 9,66 %p

12.20 uur t/m 841009:
u =16+ 9,64 * p

Na 841009 geen waarnemingen meer op deze hoogte.

2.15 Kanaal 15 Oppervlakte temperatuur

Periode 1979:

correcte waarde

Periode 1980

800605 - 00.00

800814 - 15.40

meetw.
130 < meetw.
130 < meetw.
220 < meetw.
270 < meetw,

meetw.

=

A A A

v oA

= meetwaarde

t/m 800814 - 15.20 correcte waarde = meetwaarde

t/m 800814 - 15.20:

130 » correcte waarde = meetwaarde - 20
180 -+ correcte waarde = meetwaarde - 10
220 » correcte waarde = meetwaarde - 5
270 » correcte waarde = meetwaarde

320 » correcte waarde = meetwaarde + 5

320 + correcte waarde = meetwaarde + 10

[0.1K]



Periode 1981

Maand

50

150
250

Maanden augustus, september en oktober:

50
75

Periode 1982

25

75
125
175
225
275
325

Periode 1983

Correcte waarde

A

A 1A 1A A A

1A

juli:

meetw.
meetw.
meetw.
meetw.,

meetw.

meetw.
meetw.
meetw.

meetw.

meetw,
meetw.
meetw.
meetw.
meetw.
meetw.
meetw.
meetw.

meetw.

v

<

v A A

A

AA A A

A

50
150
250
350
350

correcte
correcte
correcte
correcte

correcte

50 -+ correcte

75
350
350

25

75
125
175
225
275
325

< 373

v

375

3>

Y

>

correcte
correcte

correcte

correcte
correcte
correcte
correcte
correcte
correcte
correcte
correcte

correcte

waarde
waarde
waarde
waarde

waarde

waarde
waarde
waarde

waarde

waarde
waarde
waarde
waarde
waarde
waarde
waarde
waarde

waarde
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meetwaarde % 0.962 +

Na het jaar 1983 is op dit kanaal niet

meetwaarde
meetwaarde
meetwaarde
meetwaarde

meectwaarde

meetwaarde
meetwaarde
meetwaarde

meetwaarde

meetwaarde
meetwaarde
meetwaarde
meetwaarde
meetwaarde
meetwaarde
meetwaarde
meetwaarde

meetwaarde

9.6

meer gemeten.

2.16 Kanaal 16 Relatieve luchtvochtigheid

Periode 1979, niet gemeten.

800305 tot 800612 op hiaatwaarde.

+
(=T = R = I =
@ W

+ + o+

0.65

= NN W Wl

.70

[0.1%]






