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1 INTRODUCTION

In the framework of the SIR-C/X-SAR (space shuttle) project an airborne campaign with the NASA/JPL
multiband polarimetric SAR (a prototype of the space shuttle SAR) is carried out over a number of the
selected European sites. The campaign (JPL-SAR experiment 1991; 3.2/A0-02) was planned for a six-
weeks period on a multi-temporal basis starting the last week of June until the first week of August. Thus
it coincided with a substantial part of the agricultural growing season. The Flevoland site has obtained the
statns of international "supersite’ for the SIR-C/X-SAR project and was visited four times during the
campaign (June 15th, July 3rd, July 12th and July 28th 1991). The data acquired will strongly support the
development of the application of polarimetric radar data.

Aircrafi imaging radar such as SLAR and SAR indicated their use for crop identification. The data also
provide information about the physical properties of the surface of the vegetation and the soil. As with
radar satellite systems images are obtained on a regular base, they are promising for monitoring purposes.
The aim of the project, land use monitoring with ERS-1; 3.2/T0O-01, is the development of a monitoring
system applying ERS-1 SAR imagery in combination with SPOT and TM, dealing with agricultural crop
growth, the occurrence of diseases in forestry and the monitoring of vegetation for nature areas.

Within both projects (3.2/A0-02 and 3.2/T0-01) ground data was collected for soil and vegetation in
agricultural areas comprising crops (Flevoland) and grasslands (Veluwe). Forest data was collected in
selected stndy stands in the Horsterwold and Speulderbos. A database will be established suitable for the
study of land use and scil moisture mapping.

- Soil moisture was measured by the Heidemij and the Wageningen Agricultural University department of
Water Resources (WAU-WR).

- Soil surface ronghness was measured by WAU-WR.

field reflectance measurements were taken by the Centre for Agrobiological Research (CABO) and
Wageningen Agricultural University department of Landsurveying and Remote Sensing (WAU-LRS).

- Crop observations were made by CABO, WAU-WR, and WAU-LRS.

- Field inventory was done by CABO WAU-WR and Directorate Flevoland (DF).

- The vegetation map was processed by the Winand Staring Centre (WSC), WAU-WR, CABQ, Heidemij
and DF. '

- The Forest stands parameters were collected by WAU-WR.

Other reports closely related with this groundtruth report are Biiker et al (1992), Heidemij (1991) and
Uenk et al (1992).

These projects were carried out with the financial support of the Dutch Remote Sensing Board (BCRS),
projects 3.2/A0-02 and 3.2/TQ-01.



2 TEST SITE DESCRIPTION

In the Netherlands the test sites selected for the JPL-SAR and the ERS-1 campaigns were the Horsterwold
and Speulderbos sites (both forested) wheras the Flevoland site was cultivated with agricultural crops (fig
2.1). The Speulderbos site was situated on the ‘old' land, while the Horsterwold and Flevoland site are
situated in the Flevopolder, a polder newly reclaimed from lake ITssel.,

Fig 2.1 The test sites of the JPL-SAR and ERS-1 campaigns

The two forest sites are different with respect to: tree species, tree age, type of forest management and
soil type. At the Horsterwold site all forests are plantes in a regular row pattern. The general altitude of
the site is 3 meters below sea level (3 m -NAP), The Speulderbos forest is located on an ice-pushed ridge.
The altitude of the Speulderbos site varies between 40 and 55 meters above sea level (40 and 55 m
+NAP). The Flevoland site is in cultivation by individual farmers and a state owned farm. The fields of
the state farm are relatively large, compared to the fields cultivated by private farmers. The general
altitude of the site is 3 meters below sea level (3 m -NAP). (Droessen et. al. 1989)




3 COLLECTION OF DATA IN AGRICULTURAL AREA

3.1 SOIL MOISTURE

Soil moisture measurements were carried out with a Time Domain Reflectometry (TDR) system
(Heimovaara, 1990 and Roth, 1990). For this a TDR probe, consisting of 2 parallel steel rods, is inserted
into the soil layer in a manner that the soil forms the dielectric material of a ransmission line (formed by
the rods). Steplike electromagnetic signals are transmitted into the soil along the guide, when the signal
has travelled to the end of the guide it is reflected back to the instrument where its return is recorded.
From this the dielectric permittivity and the volumetric soil water content can be calculated.

Soil moisture measurements were recorded on the dates of the SAR overflights except on 14 June.

No recordings were taken that day due to continual rainfall. Data were collected in four different crops

(beet, potato, wheat and maize), three ficlds per crop. In potato ficlds measarements were taken on the

ridge and in the furrow seperately. In each field six random measurements were taken at 50 m intervals
along two transects at a depth of 0-5 cm and 0-10 cm. The average values are given in tables 3.1.1 and

3.1.2

DATE
Field | CROP | Depth | 23-05 | 03-07 | 1207 | 28-07 | 02-08 { 19-09 | 25-09 | 01-10

59 SBT 05 242 284 34.3 233 19.4 20.1 302 297
0-10 313 328 350 244 252 250 286 323
53 SBT 0-5 149 329 292 224 21.0 16.7 248 315
0-10 266 368 309 258 270 239 216 323
224 SBT 0-5 272 402 332 250 17.2 16.2 279 262
276 204 19.6 28.1 309

010 292 418 339
46 POT_R 0-5 5.6 28.3 * 9.8 6.6 11.4 192 213
0-10 9.2 275 * 114 8.7 153 22.3 24.6
POT_F 0-5 146 413 * 276 288 231 276 328
0-10 257 474 * 329 32.8 28.7 315 374
56 POT R 0O-5 3.5 31.0 * 9.5 8.6 9.9 19.5 19.6
0-10 94 311 * 119 98 140 220 221
POT_F 0-5 10.5 456 * 158 13.3 20.0 283 29.8
0-10 236 495 * 21.2 202 230 31.8 329
223 POT_R 0-3 74 20.6 * 11.9 8.6 10.0 168 225
0-10 11.8 325 * 13.7 10.5 13.5 174 274
POT_F 0-3 13.7 326 * 222 14.2 22.7 22,7 31.5
0-10 219 399 * 24.5 16.7 246 26.4 32.9
48 WHE 0-5 127 436 290 229 20.8 13.1 * 25.3
0-10 18.1 45.2 319 268 19.8 18.5 * 27.3

50 WHE 05 9.8 388 256 18.8 20.8 18.9 26.9 29.5
0-10 221 423 302 251 234 223 309 313
221 WHE 0-5 12.1 298 266 221 13.9 171 219 273
0-10 16.5 329 286 260 14.8 20.3 25.8 30.2
43 MAI 05 180 314 20.3 18.3 152 222 260 320
0-10 249 36.5 29.7 26.1 192 238 293 324
158 MATI 05 13.4 336 292 238 16.8 14.8 * 30.4
0-10 262 356 33.0 283 23.3 4.1 * 321
220 MAI 05 9.3 253 26.4 234 16.3 209 226 287
0-10 221 29.7 30.7 288 4.1 214 25.3 30.5

Table 3.1.1 Average volumetric soil moisture measurements (#1)



DATE
Field | CROP | Depth | 07-10 | 13-10 | 19-10 | 25-10 | 31-10 | 29-11 | 06-12 | 13-12
59 SBT 05 26.8 325 312 282 17.5 28.3 7.5
0-10 319 343 33.1 316 245 31.5 26.2 10.3
53 SBT 05 264 282 295 283 224 320 210 87
0-10 317 33.0 31.8 293 27.5 350 297 12.2
224 SBT 0-5 206 311 311 275 222 281 184 8.6
0-10 298 324 335 305 266 299 24.0 11.1
46 POT_R 0-5 138 243 29.5 198 112 277 210 8.0
0-10 160 301 35.1 23.0 16.5 313 30.0 11.2
POT_F 0-5 31.3 34.8 * * * * * *
0-10 318 35.9 * * * * * *
56 POT_R 0-5 135 294 234 17.1 12.3 25.1 17.3 54
0-10 170 31.3 283 228 149 291 204 11.8
POT_F 05 24.0 340 338 30.5 28.3 31.7 258 *
010 300 36.1 39.2 32.3 30.1 39.7 321 *
223 POT_R 0-5 13.7 312 245 135 95 203 14.1 4.6
0-10 162 337 292 20.1 160 228 215 7.8
POT_F 0-5 24.7 339 355 26.7 19.1 29.8 222 *
0-10 297 38.0 38.9 304 218 332 337 *
48 WHE 05 162 262 265 203 16.6 25.1 169 1.0
0-10 18.9 30.7 290 215 19.5 28.8 228 93
50 WHE 05 19.7 31.1 310 14.8 12.7 234 196 85
0-10 209 334 335 19.5 19.8 28.7 24.6 11.0
221 WHE 0-5 155 294 279 150 94 234 138 6.1
0-10 18.5 31.2 30.1 15.7 14.1 26.8 16.1 3.2
43 MAI 05 26.5 287 276 229 159 219 23.2 10.5
0-10 292 315 309 274 20.7 304 28.7 14.2
158 MAI 05 229 32.7 326 251 210 309 232 86
0-10 294 352 34.5 289 28.5 328 31.8 11.7
220 MAI 05 212 295 331 320 204 28.6 199 9.1
010 273 324 359 33.1 29.7 316 26.7 10.7

Table 3.1.2 Average volumeiric soil moisture measurements (#2)




3.2 SOIL SURFACE ROUGHNESS

The soil surface roughness was measured with the a specially designed needle board, see figure 3.2.1. The
needle board consist of two alligned area's of measurement each with a different density of needles. Macro
roughness can be measured with low density sampling (1 needle per cm) and micro roughness can be
measured with high density sampling (3 needles per cm). Each measurement gives 151 samples in both
high and low density, where the high density is measured over 50 cm and the low density over 150 cnt.

150 cm

X

P Tiigh density part
Fig 3.2.1 Surface profile meter (schematically)

The measurements itself went as follows. The board is level placed over the surface (fig. 3.2.2), the
needles are lowered so the top of the needlps construct the profile of the soil surface. The board is
photographed and the profile is digitized from the photo. This gives two sets of X-Y coordinates where X
stands for the distance between the needles and Y for the height of the needles. In this experiments a
minimum of two measurements for each direction and two directions (parallel and perpendicular to the
cultivation direction) were made.

Fig 3.2.2 Positioning of the profile meter over the surface

During the growing season the soil roughness fields with the crops: beet, potato, wheat and maize are
measured. Since the cultivation of these crops have little differences between fields, the measurements are
valid for all fields with the same crop. At the end of the season the soil roughness of four bare soil ficlds,
each differently cultivated was measured. These four ficld are:

Fiekd 240: east-west sown winter-wheat (small roughness) fig. 3.2.3 and fig. 3.2.4

Field 43: east-west ploughed field (moderate roughness) fig. 3.2.5 and fig. 3.2.6

Field 223 east-west ploughed and harrowed field (mdderate roughness) fig. 3.2.7 and fig. 3.2.8

Field 220: north-south ploughed field (large roughness) fig. 3.2.9 and fig. 3.2.10



Fig. 3.2.3 View over field 240 (east-west directed)

Fig.3.2.4 View over field 240 (north-south directed)



Fig 3.2.5 View over I 43 ( ast-west directed)

Fig. 3.2.6 View over field 43 (north-south directed)




10

Fig. 3.2.8 View over field 223 (north-south directed)
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¥

Fig. 329 View over field 220 (north-south directed)
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3.2.2 DATA ANALYSIS

For all fields the Root Mean Square (RMS) (mm) and the Autocorrelation length (cm) was calculated.
Results are presented in table 3.2.1. For all fields the Power Density Spectrum and the Autocorrelation
function is plotted for all measurement directions. These graphs are presented in figures 3.2.1 - 3.2.4. The
Power Density Spectrum was calculated using the Fast Fourier Transform (FFT), and the Autocorrelation
function was calculated by an inverse FFT. Both algorithms were used from Numerical Recipes (1990).

| Autocorrelation length | RMS High density | RMS Low density
Bect (par) 8.48 0.51 0.53
Beet (per) 13.21 0.62 1.21
Potato (par, ridge) 221 0.85 1.06
Potato (par, furrow) 542 0.39 0.40
Potato (per) 12.66 5.06 7.17
Wheat (par) 3.63 094 1.44
Wheat (per) 528 1.4 1.74
Maize (par) 4.90 0.31 0.57
Maize (per) 11.17 1.53 1.43
Ficld 240 (par) 195 0.63 0.79
Field 240 (per) 5.43 1.04 1.53
Field 43 (par) 3.45 1.82 1.92
Field 43 (per) 6.73 1.45 2.05
Field 223 (par) 6.74 1.65 1.85
Ficld 223 (per) 15.06 1.88 343
Ficld 220 (par) 10.77 433 4.83
Field 220 (per) 6.88 3.34 424

Table 32.1 Soil profile analysis results (in em)
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Fig.3.2.1 Power Density Spectrum of Beet versus Frequency (Hz)
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Fig. 3.22 Autocorrelation of Beet versus length (cm)
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3.3 REFLECTION MEASUREMENTS

Reflection measurements of the crops were carried out by the CABO and the WAU-LRS.

From May 13 till July 3 the reflection of the crops was measured by the CABO using a portable
CROPSCAN radiometer (Skye Instruments Lid., Llandrindod Wells, Powys, UK) with 8 spectral band
filters. In the period of July 10 till July 30 reflection measurements obtained by the WAU-LRS (Biiker,
1992) were used. These measurements were taken with a similar CROPSCAN but with different spectral
bands. Specifications of the spectral bands of both CROPSCAN radiometers are given in table 3.3.1.
The reflection measurements of both CABO and WAU-LRS are given in tables 3.3.2 - 3.3.9.

From these reflection measurements several crop parameters like WDVI, LAI and soil cover can be
derived (Uenk ctal, 1992. Reflectiemetingen aan landbouwgewassen).

Channel Central Central Bandwidth (nm)
wavelength (nm) | wavelength (nm) CABO and
CABO WAU-LRS WAU-LRS

1 500+£2 49042 102

2 550+2 55042 102

3 6002 6702 102

4 6502 7002 102

5 F00+2 74012 102

6 7502 780 %2 1012

7 8002 8702 10£2

8 850+2 1090 + 2 10+2

Table 3.3.1 Specifications of the spectral bands of the CROPSCAN systems of CABO and
WAU-LRS

DATE | Field [500nm [550nm [600nm [ 650nm | 700nm [ 750nm | 800nm | 850 nm
13-05 59 10.2 121 12.7 14.1 16.5 17.8 16.6 18.0
23-05 53 11.2 13.7 140 15.2 16.5 17.8 17.6 18.3
23-05 59 10.9 13.3 13.6 148 15.7 16.9 16.6 17.3
23-05 224 156 191 19.7 214 23.2 24.4 238 253
23-05 226 14.0 17.0 17.6 194 21.2 223 21.8 230
30-05 231 13.1 16.3 16.7 18.3 19.2 218 21.2 224
30-05 281 15.2 18.6 19.1 21.2 22.3 237 229 242
30-05 288 i29 15.8 16.2 18.0 19.1 204 19.8 21.1
30-05 436 134 16.5 17.5 192 20.6 21.6 21.1 223
31-05 607 94 12.0 12.7 13.8 154 17.6 17.3 185
31-05 819 9.7 12.3 129 13.8 154 184 18.1 19.3
17-06 53 47 8.2 9.1 7.7 82 23.7 244 25.7
17-06 59 54 9.0 10.2 8.8 98 23.0 230 245
17-06 224 5.7 89 9.8 9.0 9.7 209 211 22.3
17-06 226 7.8 10.3 10.8 11.5 12.2 155 15.3 16.2
17-06 231 6.9 9.9 11.3 10.5 115 20.6 20.3 21.6
17-06 281 6.7 8.8 95 9.7 10.6 13.8 13.6 14.4
17-06 288 50 6.5 7.6 1.5 8.7 11.7 11.6 122
03-07 53 2.0 5.6 85 55 4.8 30.8 34.7 359
03-07 59 2.0 56 8.3 5.3 4.8 29.6 326 339
03-07 224 2.0 5.5 8.0 51 4.8 30.6 339 35.7
03-07 226 35 73 8.3 6.6 6.9 242 24.8 259
03-07 231 22 6.5 92 5.7 54 36.9 40.7 42.6
03-07 288 4.0 6.9 8.0 6.8 7.3 20.0 20.4 ALs

Table 3.3.2 CABO reflection measurements of Beet







