Qf& - fisdpriscea
Szo-'vbfli-

Integrated use of hydrological modelling and remote sensing in the Province of
Drenthe




-/-3.7-’/; y y o~ l/‘
Py Sy N Z o/

Integrated use of hydrological modelling and remote sensing in the
Province of Drenthe

Possibilities and restrictions

Sandra M.L. Verheijden

Report 61

DLO Winand Staring Centre, Wageningen (The Netherlands), 1992

8o 02



ABSTRACT

Verheijden, SM.L., 1992, Integrated use of hydrological modelling and remocte sensing in the
Province of Drenthe; possibilities and restrictions. Wageningen (The Netherlands), DLO Winand
Staring Centre. Report 61, 81 pp; 20 Figs; 19 Tables; 27 Refs.

For the eastern part of the Province of Drenthe an investigation of the possibilities of an integrated
use of hydrological modelling and remote sensing was performed. A comparison was made between
relative crop transpiration values according to the remote sensing approach and as simulated with the
model SWACROP. Great deviations occurred between the relative crop transpiration values
calculated with both methods. In contradiction with the expectations a more detailed SWACROP
input did not improve the correspondence of SWACROP and remole sensing results. It is expecled
that the deviations are mainly caused by differences in temporal and spatial scale. Moreover the
importance of visual interpretation of remote sensing images has proven to be a valuable tool in the
validation of a seepage/infiltration map.
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PREFACE

By order of the provincial authorities of Drenthe an investigation of the possibilities
to apply remote sensing in the construction of a water management strategy was
performed in the period 1989-1991. The investigation was carried out by the DLO
Winand Staring Centre. From this study (a final report has already been published) it
was recommended that it is important to study the possibilities to integrate remote
sensing in already existing information structures. In the research presented in this
report special attention has been paid to an integrated use of remote sensing and
hydrological models.



SUMMARY

For the Province of Drenthe an investigation of the comparability of hydrological
modelling and remote sensing on a large scale was performed by the DLO Winand
Staring Centre (De Zeeuw, in prep.). For the eastern part of the Province simulations
were performed with the model SWACROP. The resulting relative crop transpiration
maps were compared to relative crop transpiration images obtained with remote
sensing.

The investigation presented in this report consisted of two experiments. The first
experiment deals with a detailed comparison of relative crop transpiration values as
obtained with remote sensing and according to SWACROP model simulations. In a
second study of the possibilities to apply visual interpretation of remote sensing
images in hydrological mapping were investigated.

In the growing season of 1989 several remote sensing flights were performed,
resulting in a crop type classification map, relative crop transpiration images on June
20 and August 23 and three sets of false colour photographs covering the eastern part
of the province (Map numbers 12 Qost and 17 Oost). For June 20 and August 23
maps were composed showing relative crop transpiration values as calculated with the
one-dimensional model SWACROP. Simulations were performed for five different
agricultural crops: beets, potatoes, maize, cereals and grass. The areal distribution of
these creps was derived from a crop type classification map which was derived from
the remote sensing data. The one-dimensional model calculations were assigned to
soil/hydrological units as derived from existing soil and drainage maps.

Visually both maps corresponded quite well, but the results of a quantitative
comparison of the crop transpiration values were disappointing. The input data
(drainage class and soil type) used to obtain the areal distribution of the SWACROP
simulations appeared to be too schematized. Also crop (either crop type, or crop input
parameters in the simulation model) was an important cause of the poor agreement of
remote sensing and SWACROP results. A statistical analyses indicated that 79.3% of
the differences between the SWACROP and remote sensing results could be explained
with the variables "drainage class”, "soil type", "crop” and "time", and interactions
between these variables. "Drainage class” was indicated as most important followed

by "crop", "soil type" and "time" respectively.

With a more detailed input, the SWACROP results were expected to correspond better
with the remote sensing values. Therefore in stead of a standard ground water regime
(drainage class) measured ground water levels (observation wells IGG-TNO) were
used. Additionally on the locations of the observation wells the crop type was checked
interpreting the available false colour photographs. For 68 locations simulations were
performed.

Investigation of the variation in transpiration values calculated with both methods
indicates that SWACROP tends to simulate more extreme relative crop transpiration
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values. For the crop maize false colour photographs provide a reliable check of the
remote sensing images. Use of these photographs indicated that for maize SWACROP
overestimated relative crop transpiration. For the other crop types it was not possible
to validate either one of the methods by using false colour photographs. Comparison
on individual locations shows that the values calculated with SWACROP and with
remote sensing do not correspond very well. The use of more detailed SWACROP
input values has not improved the agreement between SWACROP and remote sensing
relative crop transpiration values.

The statistical analyses indicated that 48.9 % of the differences between the two
methods can be explained with the factors "soil type", "crop”, "ground water level"
and "time" in order of diminishing importance. Compared to the 79.3 % in the large
scale comparison it can be remarked that with the use of improved SWACROP input
values a more important part of the differences between both methods have to be
subscribed to "noise".

An interaction between soil type and crop seems to exist but the small amount of

measurements did not allow stronger statements.

From this experiment could be concluded that studying the individual situation does
not answer the question of what causes the deviation between SWACROP and remote
sensing satisfactory. It is expected that the differences between the two methods are
mainly caused by differences in temporal and spatial scale. Therefore a continuing
study should not result in an attempt to optimize the parameters on individual loca-
tions. More attention should be paid to the sensitivity of the SWACROP model for
smail changes in time. Also the variations within soil types should be taken into
account, since the soil physical parameters that are linked to the soil type appear to
be too standardized. Maybe a stochastic approach of the variation within soil types
gives a good start for further research.

In the second experiment visual interpretation of remote sensing images was applied
in the validation of the seepagefinfiltration map as composed by the Province of
Drenthe. The experiment was performed for the northern part of map number 12 Oost.
The seepage/infiltration map distinguishes infiltration areas, intermediate areas and
seepage areas. The map is based on MODFLOW calculations combined with soil type
maps, water table class maps, maps of canals etc. The remote sensing data used in this
experiment consisted of false colour photographs and relative crop transpiration
images. First a comparison of the relative crop transpiration images and the seepage
infiltration map was performed. In seepage areas crops were assumed to show near
optimal transpiration whereas in infiltration areas a decreased transpiration was
expected. In general patterns of both maps agreeded reasonably well, but there were
also areas that did not match the assumptions mentioned above. For two of such arcas
further research was started. False colour photographs were used to check the relative
transpiration images and to obtain information about the spring situation. The
MODFLOW input and output information was studied and combined with the other
materials used in the composition of the map. Additionally a field survey was carried
out. Combination of all the information resulted in a reclassification of the areas and
in the decision of the provincial authorities to adapt the existing map using remote
sensing images.
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From the second experiment it can be concluded that visual interpretation of remote
sensing images offers promising opportunities to detect patterns that might not be
recognized with more conventional methods. Since there is no linear relationship
between crop transpiration and seepage (or infiltration) the use of remote sensing
images is restricted to one of indicating remarkable areas. The specific situation of
such areas needs to be studied before a reliable decision about classification of such
areas can be made.
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1 INTRODUCTION

Hydrological models for the simulation of transport of soil water or ground water are
often applied to evaluate drought damage of agricultural crops. Models have the
advantage that evoluation in time can be described accurately, but they are limited in
that actual field conditions have to be schematized. On the contrary with remote
sensing detailed information on regional distribution of crop transpiration can be
obtained. but only at acquisition days. Previous research (Thunnissen and
Nieuwenhuis, 1989) indicated the meaning of an integrated approach of hydrological
modelling and remote sensing for small study areas.

For the Province of Drenthe an investigation of the comparability of hydrological
modelling and remote sensing on a larger scale was performed by the DLO Winand
Staring Centre (De Zeeuw, in prep.). For the eastern part of the Province simulations
were performed with the model SWACROP. The resulting relative crop transpiration
maps were compared to relative crop transpiration images obtained with remote
sensing. Visually both maps compared quite well, but the results of a quantitative
comparison of the crop transpiration values were disappointing. The input data used
to obtain the areal distribution of the SWACROP simulations (drainage class and soil
type) appeared to be too schematized. Also crop (either crop type, or crop input
parameters in the simulation model) was an important cause of the poor
correspondence of remote sensing and SWACROP results.

In this study the deviations between the modelling and remote sensing approach have
been elaborated. It was decided to use more detailed input data for the SWACRQOP
model. De Zeeuw and Van Middelaar (1991) applied standardized groundwater
regimes. In this study measured ground water levels (as far as they were available)
were applied. In a second experiment possibilities for visual interpretation of remote
sensing images were investigated. A seepage/infiltration map composed with
conventional methods has been validated with the available remote sensing images.

In this report some theoretical background about the SWACROP model and the
applied remote sensing techniques will be given. Chapter 2 describes the SWACROP
model and the input data used in this study. Chapter 3 deals with the applied remote
sensing techniques and the available data set. In Chapter 4 attention is paid to the
research performed in Drenthe (De Zeeuw, in prep.) and the experiments derived from
this investigation. In Chapter 5 the application of visual interpretation of remote
sensing images in a hydrological mapping experiment will be discussed. The
conclusions derived from the results of the performed experiments will be discussed
in Chapter 6.
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2 SWACROP

Simulations of the evapotranspiration were performed with the model SWACROP
(Feddes et al., 1978; Belmans et al., 1983). This model was chosen because it offers
good possibilities to work on a detailed scale. Another advantage is the opportunity
to link the simulation results to a Geographic Information System (GIS). This is very
useful in the comparison between remote sensing and SWACROP results.

SWACROP is a one-dimensional, non-stationary model which simulates soil water
content and (evapo)transpiration on a daily basis for the entire growing season. The
model uses input data concerning daily periods. As boundary conditions at the soil
surface data on rainfall, potential soil evaporation and potential transpiration over 24
h are needed. The soil system is divided into compartments of various thickness. The
profile can be split up into layers (containing one or more compartments) with
different physical properties (e.g. soil moisture characteristic and hydraulic conduc-
tivity). The rooting depth on each day is given as an input, but it may vary in time.
At the bottom of system various boundary conditions can be used.

In this chapter the equations applied in the SWACROP model as it was used in this
study will be discussed. Additionally a description of the input data used for the
simulations is given. Simulations were performed for five different agricultural crops:
beets, potatoes, maize, cereals and grass.

2.1 Basic flow equation

The basic equation SWACROP uses to describe the flow of water in a heterogeneous
soil-root system can be described (Feddes et al., 1978) as:

oh 1 _ St 1
rr C(h)a [K(h)( + Ch) M

where h : soil water pressure head {cm);

: time (d);

. differential moisture capacity (d®/dh) (cm'l);

: volumetric water content;

: vertical coordinate, with origin at the s011 surface, directed positively
upwards (cm);

: hydraulic conductivity (cm.d'l);

: water uptake by plant roots (d™').

N@(‘)"’

Sl
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2.2 Boundary conditions at the top of the system
2.2.1 Potential evapotranspiration

Potential evapotranspiration is calculated as:

ET* =f x E, @)

where ET" : potential evapotranspiration (cm.d'!);
f : crop factor (-);
E, : reference crop evapotranspiration (cm.dh).

The reference crop evapotranspiration is calculated according to Makkink (1957):

E =cs S+ KL 3)
S+Y A
where E_ : reference crop evapotranspiration (cm.d);

. constant (0.65);

: slope of saturation water vapour pressure at air temperature (mbar.K1;
. psychrometer constant (mbar K');

. global radiation (W.m%)

. specific latent heat of vaporization (J.kg™").

MR- w0
(—

2.2.2 Potential soil evaporation

The SWACROP model offers two methods to calculate the potential soil evaporation:
Belmans et al. (1983) and Ritchie and Bumnett (Feddes et al., 1978). When the
Makkink equation is used to calculate potential evapotranspiration SWACROP uses
default Ritchie and Burnett:

E*= 000352% > % R * ¢(039%4D (4)
S+'Y
where E* potential soil evaporation (cm.d'l);
LAI : Leaf Area Index (m%.m™);
s : slope of saturated water vapour temperature and air temperature
(mbar.K1):

¥  : the psychrometer constant (mbar.K');
R, : net incoming radiation (W.m2).

n
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The Ritchie and Burnett equation needs a conversion from global radiation to net
radiation:

R =axKlL-b (5)

n

where Kl : net radiation (W.m™);
Ry, © global radiation (W.m).

Constants a and b are crop dependent and often not known (except for beets and

potatoes). Therefore another method to calculate potential soil evaporation is offered;

Belmans equation:

E*= 09t 06LADh, g+ (6)

where E* : potential soil evaporation (cm.d™);
LAI : Leaf Area Index (m%m?);
ET" : potential evapotranspiration (cm.d™).

For both methods the LAI function of the crop has to be known. But for the crops
grass and maize the parameters that describe this function are not accurately known.

Thunnissen (1984) related the soil evaporation directly to the open water evaporation
and the fraction of soil covered:

E* =(1-5,) * E, )
where §_ : fraction of soil covered (mz.m'z);
E, : open water evaporation according to Penman (cm.dt).
A research group (Feddes, 1987) found an empirical relationship between the Penman
open water evaporation and the Makkink reference crop evapotranspiration. The

coefficient in this equation varies from 1.17 till 1.31 during the growing season. In
this study a constant coefficient of 1.30 has been applied.

E,=C *E, 8

where c: coefficient (E/E,).

Combination of equations 7 and 8 results in an equation to calculate potential soil
evaporation without knowing the Leaf Area Index function.

18



E* =(1-5) 130 = E, )

This linear relationship between soil cover and reference crop evapotranspiration has
only been used when the LAI function of the crop was not accurately known (grass
and maize). Ritchie and Bumett’s equation was used for potatoes and beets. Belmans’
method was used for cereals since for this crop the conversion from global to net
radiation was not known. Simulation started with the assumption that on the first day
of the growing season the unsaturated zone was in equilibrium (elevation head =
Ipressure headl).

2.2.3 Potential crop transpiration

The maximum flux through the canopy can be computed as:

*

T =ET -E (10)
where T° : potential crop transpiration (cm.d);

ET" : potential evapotranspiration (cm.d!);

E* : potential soil evaporation (cm.d'!).

This equation is used for potatoes, beets and cereals. Another method has been applied
to calculate the potential crop transpiration for maize and grass (Thunnissen, 1984):

.

T = SC * E*lm% (11)

where $ . fraction of soil covered (m?.m™2);
E' o0 : DOtential evapotranspiration at full soil coverage (cm.d™).

Using this equation, the calculation of potential crop transpiration becomes indepen-

dent of the less accurate calculations of the potential soil evaporation. Furthermore for
the crop maize a strong correlation exists between S, and f,

2.2.4 Actual soil evaporation
The actual soil evaporation is calculated according to the method developed by Black

et al. (1969). To obtain the actual soil evaporation, the potential soil evaporation is
reduced as a function of the number of successive dry days:

Esoi[ = Kv(t+1 - }L\/t_ (12)

where E.; : potential soil evaporation (cm.d’');
A : empirical constant (0.35 cm.d 13y,
t : time (d).
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SWACROP defines that a dry period ends when the amount of precipitation exceeds
10 mm/d. Thunnissen (1984) adapted this value to 2 mm/d. This value is used for the
crops grass and maize.

2.2.5 Actual crop transpiration

The actual crop transpiration depends on rooting depth and the capacity of the root
system to extract water. Calculations are based on the Sink term (Feddes et al., 1978).
The Sink term describes the extraction of water by the root system for each soil
compartment.

S(h) = alh) * S (13)

where S(h) : actual volume of water taken up by roots per unit volume of soil per
unit time (d'1);

o(h) : prescribed function of soil water pressure head (-);

Smax - Mmaximum possible volume of water taken up by roots per unit volume

of soil per unit time dh.

Figure 1 shows the general shape of a.. Root water uptake is zero above h, and below

h, (wilting point), maximal between h, and h; with a linear relationship assumed from

h, and h, and from h, and h,.
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Fig. I Genergl shape of the dimensionless Sink term variable o, as a function of the soil water
pressure head, h (Belmans et al., 1983)

The definition of a(h) is different for each crop and will be described in par. 2.4.4.
The maximum possible root extraction rate can be described as:
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s - I (14)
zr

S EN

where T : potential transpiration rate (cm.d');
z. : bottom of the (effective) root zone (cm).

The actual crop transpiration is calculated as:

T = Y S(h) (15)

where T, : actual crop transpiration (cm.d™').

2.2.6 Relative crop transpiration

Relative crop transpiration is not a direct SWACROP output value. It is calculated as:

- Tac: (16)

T*

E

rel

where E;e] . relative crop transpiration;
T : potential transpiration rate (cm.d™');

T, © actual crop transpiration (cm.d).

2.3 Boundary conditions at the bottom of the system

At the bottom of the soil system SWACROP offers various possibilities of boundary
conditions. In this study a measured ground water level is used. This means that the
system is partly saturated. SWACROP calculates the flux between saturated and
unsaturated zone.

2.4 Input data

This paragraph contains an overview of the data used for the SWACROP simulations.
An important part of the parameters has been calibrated during the Remote Sensing
Project Drenthe. The growing season that has been simulated in this study covers a
period between 1 march until 1 october 1989 (Julian day numbers 60 until 273). For
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gach crop the simulation starts on the day of sowing and ends on the day of har-
vesting.

2.4.1 Meteorological data

Evapotranspiration calculations according to Makkink need 24-hour data on average
temperature (°C), global radiation (W.m2), and relative humidity. These data were
obtained from the KNMI (Royal Dutch Meteorological Institute). Precipitation data
(24 h) were obtained from a local meteorological station. To find the most appropriate
meteorological station for the precipitation data a network of "Thiessen polygons” was
set up. For map number 12 Oost precipitation data of the meteorological station
Gieterveen and for map number 17 QOost precipitation data from meteorological station
Zweeloo were used. The remaining meteorological data (temperature, relative humidity
and global radiation) were obtained from the major station Eelde.

2.4.2 Ground water levels

Location of the observation wells and the measured ground water levels were obtained
from IGG-TNO and the Province of Drenthe. Data were available on a monthly or
two-weekly basis (around the 14™ and 28" of each month).

2.4.3 Soil and hydrology

For each location the soil type has been derived from a generalized soil map. This soil
map was developed for modelling purposes in the "Tussen-10-plan” (Bannink and
Stoffelsen, 1984). The soil types distinguished on regular soil maps of the Province
of Drenthe were generalized to 22 main groups. Annex 1 shows the generalized soil
map for the map numbers 12 Oost and 17 Oost. A global description of the main
groups 18 given in Annex 2. Each main group is a composition of several layers.
Every layer has its own soil hydraulic properties {e.g. soil-moisture characteristic and
hydraulic conductivity). In total 24 different layers are distinguished. Annex 3 contains
for each crop a table with the main so0il groups and the thickness of the layers of these
groups they consist of.

2.4.4 Crop

Growing season

Simulations were performed for five different agricultural crops: potatoes, beets, grass,
maize and cereals. The days of sowing and harvesting of these crops are presented in
Table 1. These data are obtained from the experimental farm "De Kooienburg". De
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Kooienburg is situated on a loamy soil and therefore sensitive to water excess in
spring. This has been taken into account at the interpretation of these data. For each
crop simulation starts at the day of sowing and ends on the harvesting day. For grass
the "growing season” was set on the period between Julian day number 60 until 273.

Table I Simulated crops with their
sowing and harvesting days
(Julian day numbers, 1989)

Crop Sowing Har vest
Potatoes 91 253
Maize 124 274
Beets 91 278
Cereals 91 222
Grass - -

Leaf Area Index
The Leaf Area Index (LAI) is related to the fraction of soil covered (S, in %):

LAl = ax§_+ bmSC2 + C*S: (17)

The factors a, b and ¢ are different for each crop. The values for the crops as used in
this study are given in Table 2 (Wesseling, 1991).

Table 2 Values for the crop dependent constants a, b,
and c used in the Leaf Area Index function

Crop a b c

Potatoes 2.5000 L6000 0.9000
Maize 0.0280 2.9100 0.9570
Beets 46785 -18.0386 19,2525
Cereals 0.0593 - 0.4512 5.8143
Grass 63877 <17.7030 16.0697

Fraction of soil covered

The percentage of soil covered by potatoes was profoundly studied by Van der Schans
et al. (1984). Figure 2 shows a standard curve as developed for potatoes for agri-
industrial production. Additionally an experimental curve (Van der Schans et al.,
1984), and a curve that was used in the simulations (De Zeeuw, 1991) is presented
in this figure. The fraction of soil covered for grass was presumed to be 100% over
the complete simulation period. The assumed soil coverage curves for beets, maize
and cereals are shown in Figure 3 (Wesseling, 1991).
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Fig. 2 Fraction of soil covered for a standard growing season for potatoes
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Crop factor

The crop factors used in the Makkink evapotranspiration calculations are presented in
Table 3 (Feddes, 1987).
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Table 3 The crop factors per decade and the corresponding input days

Month  April May June July August September

Decade 1 II III' T II III 1 Im m 1 1o 1m I I H I I III

JDN 91 100 110 121 131 141 152 162 172 182 192 202 213 223 233 244 254 264

Potatoes - - - - 07 09 10 12 12 12 11 11 LI 11 1.1 07 - -
Maize - - - 05 07 08 09 10 12 13 13 12 12 12 12 12 12 12
Beets - - 05 05 05 08 10 10 12 L1 11 11 12 1.2 12 11 11

Cereals 0.7 0.8 09 1.0 1.0 1.0 10 12 12 10 09 08 06 - - - - -
Grass 10 1.0 10 10 10 1.0 L0 10 10 10 10 1.0 10 10 09 09 09 1.1

Rooting depth and root growth

Since water extraction is related to the plant root system it is of great importance that
the root system is correctly described. SWACROP uses two factors in this description;
maximum rooting depth and growth rate of the roots. Both factors depend on soil type
and ground water level. Roots from potatoes for instance have only small capacity to
penetrate into the soil. Once a more dense layer is reached, root growth (vertically)
stops. Therefore the effective root zone is often set at 25 cm while it can reach 90 cm
in more favourable situations. Annex 3 gives the depth of the effective root zone of
all simulated crops for each soil type (main group). Table 4 shows the growth rate of
the roots as used for the simulated crops.

Table 4 Growth rate of the rooting system during the
growing season and the maximum rooting
depth for potatoes, maize, beets, cereals and

grass
Crop Root growth Max. rooting depth
(cmd™h (cm)
Potatoes 1,25 20-50
Maize 1 20-75
Beets 1,25 20-50
Cereals 1 20-75
Grass constant 15-30

Water uptuke by the root system

Water uptake by the root system can be described with the "Sink term” (Feddes et al.,
1978). Figure 4 shows the reduction factor o for different potential transpiration rates.
In Table 5 the pressure heads used to describe the reduction factor o are shown.
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Table 5 Pressure heads (cm) that describe the reduction
factor o for potatoes, maize, beets, cereals and

grass

Crop h1 h21 h3h h31 h4
Potatoes -10 -25 =320 -600  -16 00O
Maize -15 <30 <325 600 - 8000
Beets -10 25 =320 -320  -16 000
Cereals 0 -1 500 <900  -16 DOO
Grass -10 -25 =200  -800 - 8000

164 C 0d

h1 h2u h2a h3h h31 h4
Pressure head

Fig. 4 Shape of the reduction factor o in the Sink term as a function of pressure head h (Feddes
etal, 1978)

Interception function
The interception function describes that part of the precipitation that actually reaches
the soil surface. In this study the standard formula SWACROP offers was used:

If precipitation > 0.2 cm.d™:

INTCEP =S, » 0.19 (18)

If precipitation < 0.2 cm.d’!:

INTCEP = Sc * P(D.Slﬁ - 01787 = (P - 0.0593) (]_9)

where INTCEP: calculated interception (cm.d'l);
S, : fraction of soil covered (-);
P . precipitation (cm.d'h).

2.4.5 Additional input data

The residual input parameters, needed for the simulation process are described in this
paragraph. Annex 4 shows an example of an input file as used in this study. The
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Makkink “ormula is used to calculate evapotranspiration. Boundary condition at the
soil surface is a measured ground water level. The soil system is divided into several
horizons with different soil hydrological properties, and in 40 compartments with
variable thickness (20 * 5 cm, 10 * 10 em and 10 * 20 cm). Figure 5 shows a scheme
of the soil system and the calculated fluxes as applied in this study.

Evapotranspiration

A

0
+ » 20 Compartments
Effective ! t of 5.cm
precipitation H
® Nodal point 10 Compartments
* of 10 cm
| |
| |
)
10 Compartmeants
Flux of 20cm
+ g.wl
T A T
| |
| |
I I
1) 4
2

Fig 5 Scheme of the soil system and the calculated fluxes
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3 REMOTE SENSING

3.1 Data

In the framework of the Remote Sensing Project Drenthe a very extensive set of data
was collected. In the growing season of 1989 three remote sensing flights were
performed. On June 20 and August 23 digital reflectance and thermal infrared images
were obtained with a Deadalus scanner simultancously with false colour photographs.
On April 2 only false colour images were made. Additionally an image of the French
SPOT satellite, May 22, was used. Ground truth data were collected on all flight days.
On April 2 (colour) pictures were taken to detect water excess and drought stress
patterns in the top soil. On June 20, a crop type inventarisation was made.
Furthermore reference crop temperature was measured. The same data were collected
on August 23. The August ground truth data were used to calibrate the crop type
classification and the evapotranspiration mapping. Table 6 shows the data used in this
study and their applications.

Table 6 Data and applications in the Remaote Sensing Project Drenthe

Date (1989 RS techniques Application

April 2 False colour photographs Water excess in spring

May 22 SPOT MSS! Land use classification

June 20 Deadalus MSS, IRLS? Land use classification and
False Colour phetographs  evapotranspiration mapping

August 23 Deadalus MSS, IRLS Land use classification and

False Colour photographs  evapotranspiration mapping

! Multi Spectral Scanning
2 Infra Red Line Scanning

3.2 False colour photographs

Colour infrared film is manufactured to record green, red and the photographic
portion {0.7-0.9 um) of the near infrared scene energy in its three emulsion layers.
This results in a false colour film in which blue images result from object
reflecting primarily green energy, green images result from objects reflecting
primarily red energy and red images result from objects reflecting primarily in the
near infrared portion of the spectrum. (Lillesand and Kiefer, 1987). For example
vegetation reflects infrared energy much more than green energy and it generally
appears in various tones of red on false colour film.

In this study the available set of false colour photographs (April, June and August)

was used to check the automatic crop type classification at the location of the
observation wells. Table 7 gives an overview of the condition of the crops at the
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flight dates. Using this scheme in combination with the typical red colour of the
different crops gives a reliable verification of the crop type classification.

Table 7 Condition of different crops on the flight days

Crop April 2 June 20 August 23

Grass Vegetation Vegetation  Vegetation
Cereals (summer)}  Bare scil Vegetation  Bare soil
Cereals (winter) Vegetation Vegetation  Bare soil

Potatoes Bare soil Vegetation  Vegetation/bare soil
Beets Bare soil Vegetation  Vegetation
Maize Bare soil Bare soil Vegetation
Peas Bare soil Vegetation  Vegetation
Forest Vegetation Vegetation  Vegetation

Another application of the false colour photographs 1s based on the difference in
reflection of a healthy vegetation and a stressed vegetation. Healthy vegetation
shows a much deeper red colour than stressed vegetation. This offers good
possibilities to detect drought stress patterns.

3.3 Airborne Multispectral Scanning (MSS) and Infrared Line Scanning (IRLS)

The multi-spectral images of the Province of Drenthe were made with a Deadalus
scanner. This electro-optical system registers electromagnetic radiation in the range
of 0.3-14 um in 12 bands. Table 8 contains an overview of the scanner data, the
spectral bands that were used, and the ground resolutions.

Table 8 Available scanner data, the spectral bands and the
ground resolution

Scanner type Band (pum) Ground resolution
Deadalus, MSS 5 0.55- 0.60 10 * 10 m!

7 0.65- 0.69

9 0.80- 0.89
Deadalus, IRLS 12 8.50-13.50 10 * 10 m!
SPOT, MSS 1 0.50- .59 2020 m

2 0.62- 0.68

3 0.79- 0.89

! The spatial resolution of the image was 12.5 * 12.5 m,
2 After resampling 10 * 10 m

A rotating mirror moves the field of view of the scanner along a scan line perpen-
dicular to the flight direction. The forward motion of the aircraft advances the
viewed strip between scans, causing a two dimensional image data set to be
recorded (Lillesand and Kiefer, 1987). In Figure 6 a schematic illustration of a
multi spectral scanner system operation is given.
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Fig, 6 Multispectral scanner system operation (Lillesand and Kiefer, 1987)

3.4 Crop type classification

A multi-temporal crop type classification was performed for the eastern part of the

province (map numbers 12 Qost and 17 Oost). This classification was based on

the Maximum Likelihood (MLHD) criterion. The final crop type classification was

a result of several partial classifications:

1 The SPOT-May image was used to make a distinction between early crops
(grass and cereals) and (still) bare soil, based on a respectively high and low
Vegetation Index. A relatively low vegetation index belongs to the land use
classes potatoes, beets, peas, and bare soil (including open water and built up
area). The Vegetation Index can be described as:

VI=(IR-R}/ (R -R) (20)

where IR : Reflectance in the infrared part of the spectrum
R : Reflectance in the red part of the spectrum
2 For the area with a low vegetation index in May a classification was performed
using the Deadalus June images. Combination of SPOT-May (bands 1, 2 and
3) and the Deadalus-June (bands 5, 7 and 9) data resulted in the distinction of
5 classes: Grass/cereals, deciduous forest, coniferous forest, peas, and bare soil
(open water and build up area included).
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3 This last classification was performed to verify former classifications. Deadalus
data (band 5, 7 and 9) of August 23 were used. A distinction was made
between vegetation, bare soil (again including open water and built up area) and
clouds.

The crop maize caused a lot of problems in the automatic classification because
its spectral signature was similar to that of other crops on the measurement dates.
Therefore with the use of false colour photographs of June and August maize
fields were detected interactively. The fields were digitized and combined with the
classification results.

The final crop type classification result was combined with geographical
information on built up area, infrastructure and open water. This information was
obtained from (digital) topographic maps (1 : 50,000). In Annex 1, Figure 15 the
final crop type classification is presented.

3.5 Evapotranspiration mapping

By combining the surface energy balance equation with the vertical transport
equation for sensible heat a relationship between latent heat flux LE and crop
temperature can be derived (Soer, 1980).

(T,-T)

+(1 - R, +eR, -oT)) -G 21
an

LE = pc,

where LE : latent heat flux (W.m‘z);
p : density of moist air (kg.m”z);
¢, : specific heat of moist air (J kg'l.K'1);
TE; : air temperature at a reference height above the crop (K);
. crop temperature (K);
. - turbulent diffusion resistance for heat transport (s.m‘l);
R, : incoming short wave radiation flux (W.m2);
o : reflection coefficient of the crop (-);
€ : emission coefficient of the crop (-);
R, : long wave sky radiation flux (W.m'z);
¢ : The Boltzmann constant (W.m‘z.K'd');
G : heat flux into the soil (W.m‘z).

S

With the use of this equation the instantaneous evapotranspiration flux of a crop
can be calculated from the temperature of the crop. To convert instantaneous crop
temperatures into 24 hour estimates of evapotranspiration LE* Soer (1980)
developed the TERGRA model (Soer, 1977). Computation of evapotranspiration
rates from thermal images with the aid of the TERGRA model is rather
complicated because of the large number of input parameters that is required.
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Therefore Nieuwenhuis et al. (1985) used the method of Jackson et al. (1977) to
develop a simplified method to relate actual 24 hour evapotranspiration and the
midday temperature difference between a crop that is transpiring under restricted
soil water conditions (T,) and one that is transpiring under optimal soil water
conditions (T:) according to:

LE® = LE]* - B/(T, - T)) (22)

where LE** : actual 24 hour transpiration (W.m™);
LE;4 : potential 24 hour transpiration (W .m'z);

B’ : calibration constant (W.m'z.K'l);

T, : temperature of a crop transpiring under restricted soil water condi-
tions (K);

T: : temperature of a crop transpiring under optimal conditions (K).

The factor B’ 1s a calibration constant. Results with the TERGRA model show that
constant B’ becomes less dependent on meteorological conditions when
evapotranspiration differences in equation (22) are replaced by relative
evapotranspiration values (Thunnissen and Nieuwenhuis, 1989):

LE 24

24
LE o

=1-B7(T, -T)) (23)

where B": calibration constant (K'1).

Calibration constant B' equals B’/LE2*, By means of equation (23) differences in
radiation temperature of a crop derived from thermal images can be directly
transformed into reductions in 24 hour evapotranspiration. From TERGRA
calculations it was found that B" was linearly related to the wind velocity at a
height of 2 m above a flat and open area according to :

B  =a+h *u?) 24

where u(2?) : wind velocity at a height of 2 m (m.s™):
a : regression coefficient (K’l);
b : regression coefficient (K Lms?).

Factors a and b depend on crop type and crop height. The values for a and b used
in this study are given in Table 9.
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Table 9 Values of regression coefficients and
Jor different crops at standard heights

Crop Height a b
(cm) KY) (Klmsh

Grass 10 0.050 0.068
Grass 20 0.050 0.081
Potatoes 60 0.050 0.092
Beets 60 0.050 0.092
Cereals 100 0090 0.144
Maize 200 0.100 0.185

By combination of the crop type map and the thermal image, using the equations
discussed before, the thermal image was automatically converted into a relative
crop transpiration map. For short grass no evapotranspiration values were
computed. Because short, recently mowed grass has an incomplete soil cover, the
observed thermal radiation temperature was to a large extent determined by the
relative high radiation temperature of the bare parts of the soil. Due to the height
and roughness of trees heat is easily exchanged with the atmosphere, so that
reduction in evapotranspiration of trees cannot reliably be derived from thermal
infrared images. Therefore evapotranspiration of forests was not calculated either.
In the Figure 7 the relative crop transpiration maps for June 20 and August 23
respectively are presented.
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4 COMPARISON OF REMOTE SENSING AND SWACROP RELATIVE CROP
TRANSPIRATION VALUES

This experiment was a continuation of the large scale comparison of both remote
sensing and SWACROP relative crop transpiration values for the Province of
Drenthe. Before describing the experiment performed in this study a short
description of the study area and a summary of the preceding investigation will
be given.

4.1 Description of the study area

The study area is situated in the eastern part of the Province of Drenthe (map
numbers 12 Oost and 17 Oost), The Netherlands. In the study area several
different soil-hydrological units and landscape types occur. Figure 8 shows the two
map numbers and their landscape types. The Drenths plateau consists of reclaimed
land, essen (human effected sandy soils) and brook valleys. The Hondsrug, east
of the Drenths plateau is a relatively high area (up to 20 m above sea level) with
mainly sandy (human effected) and reclaimed soils. Here ground water levels are
somewhat deeper below the soil surface, except for the brook valleys that cross
the Hondsrug. On its east side the Hondsrug changes quite abruptly into the Hunze
valley. The Hunze valley is a brook valley with mainly histic and peaty soils with
shallow groundwater levels. An important part of this area is drained by the river
Hunze. At the eastern parts of the maps the landscape changes into the
"Veenkolonién”, The Veenkoloni€n consists of peaty and histic soils and concems
reclaimed land.

42 Large scale comparison of remote sensing and SWACROP relative crop
transpiration values

The investigation dealing with the comparability of remote sensing and
SWACROP relative crop transpiration values was performed as a part of the
Remote Sensing Project Drenthe. In this project the possibilities for remote sensing
to support in the water management policy of the Province of Drenthe were
studied.

In the growing season of 1989 several remote sensing flights were performed,
resulting in a crop type classification map, relative crop transpiration images for
June 20 and August 23 and a set of false colour photographs covering the eastern
part of the province (Map numbers 12 cost and 17 oost). For the same dates
images were created from the relative crop transpiration values simulated with the
one-dimensional model SWACROP. Simulations were performed for five different
agricultural crops: beets, potatoes, maize, cereals and grass. The areal distribution
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of these crops was derived from a crop type classification map. This map was
derived from the remote sensing data. To extrapolate the calculated values a
combination of a soil map and a drainage class map was used

For modelling purposes the soil map used in this study has been generalised to 22
main groups {(according to Bannink and Stoffelsen, 1984). The drainage class map
was derived from a water table class map by joining resembling water table
classes to four drainage classes. Water table classes are based on the mean highest
and mean lowest groundwater table, representing the average winter and summer
water table in a year with an average precipitation and evaporation. In Annex 5
an overview is given of the existing groundwater table classes.

Visual comparison of the remote sensing and SWACROP relative crop
transpiration maps showed that striking patterns like drought stress patterns were
clearly visible on both maps. Also general landscape patterns e.g. brook valleys,
the Veenkoloni€n and the Hondsrug could be recognized easily. A more
quantitative comparison displayed a lot of deviations between the relative crop
transpiration values calcnlated with both methods. In general SWACROP
simulated more extreme values (either near optimal transpiration or severe drought
stress) than remote sensing did. For sandy soil types SWACROP often simulated
strongly reduced transpiration, whereas on peaty soils optimal transpiration rates
dominated. A statistical analyses based on simultaneous regression techniques
indicated that 79.3% of the deviations between SWACROP and remote sensing
results could be explained through the factors "drainage class”, "crop”, "soil type”
and "tume" and the interactions between those factors. "Drainage class” and "crop”
respectively, were the most important factors in the explanation of the differences
between remote sensing and SWACROP results (De Zeeuw, 1991).
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Fig. 8 Situation of map numbers 12 Oost and 17 Qost in the Province of Drenthe



43  Detailed comparison of SWACROP and remote sensing relative crop
transpiration values

As a continuation of the large scale comparison another approach was chosen.
With a more detailed input, the SWACROP results were expected to compare
better with the remote sensing values. The use of more precise SWACROP input
corresponds with the results obtained in the Oost Gelderland Project (Thunnissen,
1984). In this project a comparison was made between SWATRE (a previous
release of SWACROP; Belmans e.a., 1983) and remote sensing crop transpiration
values. The SWATRE input consisted mainly of measured values (groundwater
level, soil hydraulic properties, crop type) and the simulation results compared
satisfactory with the remote sensing crop transpiration values.

This more detailed approach signified the use of a more precise lower boundary
condition and a correct crop type input. In stead of a standardized groundwater
regime (drainage class) measured groundwater levels were used as lower boundary
condition. Groundwater levels were obtained from monthly or two-weekly
measurements in observation wells (IGG-TNQ). The locations of these observation
wells were selected with topographic maps and false colour photographs. The use
of measured groundwater levels as input data implemented that the comparison
between SWACROP and remote sensing values was restricted to the location of
the observation well. At the location of the observation wells the crop type
classification map was checked with false colour photographs. Since no measured
values of soil physical properties were available for the study area, standard values
as described by Bannink and Stoffelsen (1984) were used. After the selections 68
locations remained. For these locations simulations were performed. A comparison
was made between the simulated relative crop transpiration values and the values
obtained with remote sensing.

4.4 Results and discussion
4.4.1 Variation in crop transpiration values

The relative crop transpiration results of both methods were divided in five
transpiration classes: 0-30%, 31-50%, 51-70%, 71-90% and 91-100%. In Figure 9
the appearance in the different transpiration classes for both methods is given.

The distribution over the different transpiration classes is more equal for remote
sensing than for SWACROP results. The SWACROP values are concentrated in
the two most extreme classes (0-30% and 91-100%). In June the SWACROP
values are concentrated in the 90-100% transpiration class. In august also part of
the SWACROP values vary from 0 to 30%. (De Zeeuw, 1991). For the different
crops a similar comparison was made, shown in figure 10.
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