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1. COMPUTING THE NEW SOIL LINE FOR THE EAST SESIA AND GRANDE BONIFICA
FERRARESE

t.1. Introduction

One of the main weak points in the research presented by AZZALI
(1985) was the use of the two vegetation indices formulae, respectively
brightness and greenness, derived for a particular area in USA (JACKSON
et al., 1983). Consideriﬁg the fact that the coefficients of the
brightness and greenness formulae are strictly correlated with the type
of soils (KAUTH and THOMAS, 1976), these coefficients should have been
calculated for the new study areas East Sesia and Grande Bonifica Ferrarese.

The procedure to compute the new coefficients of the brightness

and greenness formulae can be divided in different steps.

1.2, Main soil associations in the two study areas

As it was pointed out by AZZALI (1985), the most important soil
association found in the East Sesia irrigatiom district are two: typic
hapludalfs chromic luvisols and typic hapludalfs gleyc 1luvisols (IPLA,
Torino, 1979). In the irrigation district Grande Bonifica Ferrarese the
main soil associations are two: the alluvial soils group and the organic
idromorphic soils group. The latter soil association characterizes mainly
the area of Grande Bonifica Ferrarese as shown by CASALICCHIO et al.
(1974). '

1.3. Bare soil and fully vegetation covered plots in the images

Considering that bare soil shows up in the early growing season
(March, April, May), we selected the MSS-images of April respectively
May 1980 for East Sesia respectively Grande Bonifica Ferrarese. For
each irrigation district a standard LANDSAT 2-MSS colour composite
product (MSS87 = red, MSS5 = green, MSS4 = blue) was prepared in order to
evidence bare soil, which is characterized by light blue-grey colour. On
these MSS-products bare soil areas have been chosen with regard to the

soll associations mentioned in Section 1.2. For each selected and uniform



bare soil plot the values of reflectances in bands 4, 5, 6 and 7 were
collected. As test on the light brue-grey colour areas {bare soil)

shown on the colour composite MSS-products, we checked the values of

the ratio of reflectance in band 7 to the reflectance in band 5 which
have been found in the range between 1.05 and 1.5. Such range represents
the characteristic interval for bare soil (HUETE et al., 1984).

On the same standard MSS colour composite used for the detection
of bare soil plots, we also selected the fully vegetation cqvered plots,
which are characterized by red colour.

Furthermore, we checked if in the red colour areas of the standard
MS8S-products the values of the ratio of reflectance in band 7 to the
reflectance in band 5 were between the values of 3 and 5, which represent
the interval of reflectances for a healthy, green and fully covering
canopy (UNGAR et al., 1977). Such procedure had successful results on
the standard MSS colour composite product of Grande Bonifica Ferrarese
in which several samples of full green vegetation areas were pointed

out.

1.4. Calculation of the new coefficients of greenness and

brightness formulae

Having collected for several bare soil and green plots the mean
values of reflectances in MSS bands 4, 5, 6 and 7, we plotted on x-y
axis the values of reflectances, respectively for bands 5 and 7, for
each bare soil and green stuff sample picked up in the two irrigation
districts. As Fig. 1 shows, the bare soil points are lying on a line,
the so-called soil line, while the green stuff points cluster together
in the so-called green stuff region.

Selecting two bare soil samples and a green stuff plot, we used
their values of reflectance in the four bands of LANDSAT 2 - MSS to
calculate the new coefficients for brightness and greenness formulae by
means of the Gram-Schmit relation (KAPLAN, 1984).

Then, the new coefficients for the brightness and greenness formulae
applicable to both the irrigation districts (East Sesia and Grande

Bonifica Ferrarese) are:

brightness = 0,068 MSS4 + 0.124 MSS5 + 0.146 MSS6 + 0.29 MSS7 (1)

greenness = -0.085 MSS4 — 0.159 MSS5 + 0.058 MSS6 + 0.327 MSS7 (2)
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Fig. 1. Spectral bands ratio 7/5 relatives to bare soil area samples (o)
and green stuff samples (A) of the East Sesia and Grande Bonifica
Ferrarese irrigation districts
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2. APPLICATION OF THE MULTI-INDEX METHOD TO THE TWO TEST AREAS

2.t. Typical greenness, brightness and TVI values of crops

The typical crop vegetation indices values shown in Tables 1, 2 and
3 (AZZALI, 1985) have been modified by applying the new coefficients of
the brightness and greenness formulae, as given in Chapter 1. We also
calculated the values of vegetation indices corresponding to the
characteristic growing stages of a particular crop. For this purpose we

utilized mostly those literature data which are referring to reflectance
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measurements acquired in the four MSS wavelengths (0.5-0.6 um; 0.6-0.7
ym; 0.7-0.8 um; 0.8-1.1 um) relating to the main characteristic crop
growth stages., Crop growth stages were defined according to DOORENBOS
and KASSAM (1979) while as crops we considered the main ones grown in
the study areas and shown in Fig. 2 and Fig. 3 (after CLERMONT and
MENENTI, 1984; respectively after AZZALI, 1985).

Data relating reflectance measurements with crop growth stages
have been applied as given by UNGAR et al. (1977). Nevertheless, other
sources of literature were utilized as it is shown in Appendix 1, list
of codes 2, reference column. Then we calculated by applying the
coefficients and the new literature data, the new values of greenness,
brightness and TVI for several crops.

Therefore relating the characteristic growth stages of the main
crops in the two irrigation districts to their crop calendars (Figs. 2
and 3), the progression of the vegetation indices was obtained as a
function of time. Tables 4, 5 and 6 show the modified typical values
respectively of greenness, brightness and TVI from April till September
regarding those crops cultivated in the East Sesia and Grande Bonifica
Ferrarese irrigation districts.

If we compare the winter wheat greenness and brightness values
respectively in Tables 4 and 5 column Al (source: UNGAR et al., 1977}
with winter wheat greenness and brightness values calculated again from
UNGAR et al. (1977) but applying the formulae applied for Tables 1 and

2, large differences, especially as regards greenness, are pointed out

crop Jan. Feb. Mar, Apr. May. Jun, Jul, Aug. Sep. Oct, Nov. Dec.*
rice 1 1 TreoE BRSNS B H EH y
under water
2_gur 2 4
L) T R e ey
pastures LS 1 et e 2 N e
2 2 ]
. s 1 R e p AT D
maize { 1 5 H S s B
3
2 s =
winter- 1 A G e s 1
wheat
second crop s 1

Fig. 2. Crop calendar for main crops, grown in East Sesia and Villoresi
§-1-2-3-4: growth stages according to Clermont and Menenti (1984)
(after CLERMONT and MENENTI, 1984)
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alfalta
clover |

winler- 1
wheat

pastures 311

sugarbeet

maize

fruit —
trees

second crop Ls

Fig. 3. Modified crop calendar for the year 1980 - Grande Bonifica

Ferrarese and Navarolo

S-1-2-3-4: growth stages according to Doorenbos and Kassam (1979)

(after AZZALI, 1985)

in Table 7.

Table 7. Greenness and brightness values of winter wheat from April till

July calculated by means of greenness and brightness formulae

(A. Greenness and brightness formulae, after AZZALI, t985; B.

eqs. (1) and (2), this report)

Source reflectance for winter wheat: UNGAR et al., 1977

GRA‘ GRB BRA BRA
April 49.8 37.0 47.7 45.2
May 45.0 31.3 48.4 45.6
June 33.4 23.7 46.0 32.9
July 15. 1 4.0

Then, the use of different coefficients in the brightness and

greenness formulae gave different results.

10



2.2. The multi-temporal - multi-index method applied to

the two irrigation districts

Figs. 4a and 5a show the new crop discrimination schemes for East
Sesia respectively Grande Bonifica Ferrarese irrigation districts by
applying the multi-index method which used the vegetation indices values
collected in Tables 4, 5 and 6. In Figs. 4b and 5b the crop discrimina-
tion schemes earlier applied by AZZALI (1985) for the same irrigation
districts are given. Comparing Fig. 4a with Fig. 4b and Fig. 5a with
Fig. 5b, we notice that a different crop discrimination scheme has been
obtained when calculating the greenness and brightness values by means
of the previous respectively new coefficients.

Concerning the East Sesia irrigation district, we are able, for
example, to discriminate rice by means of brightness in April as Fig. 4a
shows, while, previously, rice was discriminated in April by means of
greenness as Fig. 4b shows. Nevertheless, both Figs. 4a and 4b show
indeed that crops in the East Sesia can be discriminated by applying
the April image only, provided the discrimination between pasture and
haygrass is not required.

Regarding the Grande Bonifica Ferrarese irrigation district, Fig.
5a shows winter wheat discrimination by means of greenness in May, while
the same crop was previously discriminated by means of TVI in May as
Fig. 5b shows. In addition, Fig. 5a shows rice discrimination in the
Grande Bonifica Ferrarese. This crop was not previously considered as
Fig. 5b shows. Nevertheless, it should be pointed out that in the Grande
Bonifica Ferrarese corn is discriminated by means of greenness in May
in both Fig. 5a and Fig. 5b.

The actual cultivated areas for East Sesia respectively Grande
Bonifica Ferrarese irrigation districts are givem in Table 8 respectively
9 (AZZALI, 1985) and they will be applied as reference terms to evaluate
the results presented in Tables 10 and 11. These tables show the estimated
area for each crop as obtained by applying the multi-index discrimination
scheme presented respectively in Fig. 4a and 5a. '

As regarding the East Sesia irrigation district, the comparison
between the percentage of crop cultivated area in Table 8 and 10 suggests

the following remarks:

- rice cultivated area detected by means of brightness in April is 8.67%

underestimated;

11



Crop 22 April 17 August 4 September
rice R !rice’

winter wheat————igﬁ{winter whea;J

pasture

haygrass

corn

:: CR pasture +
haygrass

BR

corn + win-
ter wheat

Fig. 4a. East Sesia, image 209.29. Available dates: 22 April, 17 August

and 4 September 1980. Crop discrimination by the combined use

of three vegetation indices

Crop 22 April 17 Auvgust 4 September
rice CR ;ricel

winter wheat_m_jEGL4winter wheat

pasture Vi pasture +
' haygrass

haygrass

corn GR -{corn[

ER Ihaygrassl

Fig. 4b. East Sesia - Villoresi, image 209.29. Available dates: 22

12

April, 17 August and 4 September 1980. Crop discrimination by

the combined use of three vegetation indices (after Azzali,

1985)



Crop

8 May

28 July

2 September

winter wheat,é—m-ggq{%inter wheat

rice

pasture

haygrass
~

GR.Jricel

haygrass +

alfalfa ///ri

Corn

sugar beet

trees

alfalfa

trees +

GR
corn

R sugar beet +
haygrass

&R trees +
alfalfa

haygrass +
horticultural
crops

Fig. 5a. Grande Bonifica Ferrarese, image 207.29. Available dates:

8 May, 28 July and 2 September. Crop discrimination by the use

of three vegetation indices

Crop

8 May

28 July

2 September

winter wheat -

-—ngzlﬁinter wheat|

VI

R Maifaital

pasture pasture +
alfaifa

haygrass

alfalfa

corn R Icorn]

TVI

sugar beet

trees

BR{haygrass]

sugar beet +
bare soil

GR %trees]

BRisugar beet|

Fig. 5b. Grande Bonifica Ferrarese, image 207.29. Available dates: 8 May,

28 July and 2 September. Crop discrimination by the use of three

vegetation indices (after Azzali, 1985)
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Table 8. Cultivated area as percentage of the area of three 'zone
agrarie' no. 11, 12, 13 belonging to Novara province for five
main crops cultivated in East Sesia, as estimated on the basis
of ISTAT data collected for the 1980 farming year (after
ISTAT, 1982)

Crops Cultivated area relative to 'zone agrarie' (Z)

rice 32.4

haygrass 32.1

corn 24.3

pasture 11.5

winter wheat 6

Table 9 . Cultivated area as percentage of the total agricultural area
of. Ferrara province for the 10 main crops cultivated in Grande
Bonifica Ferrarese, as estimated on the basis of ISTAT data
collected for the 1980 farming year (after ISTAT, 1982)

Crops Cultivated area relative to territorial (%)

winter wheat 23

haygrass

alfalfa 14.3

pasture 0.03

corn 8

sugar beet 20

trees 11.9

rice 2.8

tomato 1.3

horticultural crops 4.6

14
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winter wheat cultivated area detected by means of greenness in April
is 8% overestimated;

corn cultivated area detected by means of brightness in April is 9%
underestimated. Fig. 4a shows that the characteristic interval of
brightness value in April which defines corn, defines also winter
wheat. Nevertheless, having already discriminated winter wheat by
means of greenness, the difference between the percentage of winter
wheat area (6.57) minus the percentage of corn and winter wheat by
means of brightness (28.5%) gives the percentage of corn cultivated
area (22%);

haygrass pluﬁ-ﬁésture cultivaﬁed“areas as detected by means of

greenness in April are overestimated by 107,

Then in the East Sesia irrigation district five out of five crops

were properly detected by means of the multi-temporal - multi-index

method.

Regarding the Grande Bonifica Ferrarese irrigation district, the

comparison between the percentage of crop cultivated areas shown in

Table 9 respectively Table 11 drives to the following conclusions:

winter wheat cultivated area detected by means of greenness in May is
11% underestimated;

rice cultivated area detected by means of greenness in May is 18%
overestimated;

corn cultivated area detected by means of greenness in May is 15%
overestimated;

haygrass together with alfalfa cultivated areas detected by means of
greenness in July is 487 overestimated;

trees cultivated areas can be detected respectively by means of green-
ness in May and by means of TVI in July as Fig. 5a shows. In both the
discrimination choices the characteristic vegetation indices interval
of trees is also the same as for alfalfa and for haygrass plus
horticultural crops.

Considering a system of 3 equations having three unknowns, we calculate

the percentage of trees cultivated area in the following way:

x +y=21.5 (3)
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where x is the haygrass and y the alfalfa cultivated area as obtained

by means of greenness in July
z +y=20.8 (4)

where z is the trees and y the alfalfa cultivated area as obtained by

means of greenness in May
z +x = 38.8 - 5.9 (5)

where z is the trees and x the haygrass cultivated area as obtained
by means of TVI in July; the value of 5.9 represents the percentage
of horticultural crops plus tomato cultivated areas taken from Table
9.

Solving the system of three eqs. (3), (4) and (5):

]

x = percentage of haygrass cultivated area = 16.8%

y = percentage of alfalfa cultivated area = 4.7%

z

percentage of trees cultivated area = 16.1%

Comparing the percentage of trees cultivated area (16.1%) obtained
by solving the system with the percentage of trees cultivated area
in Table 9 (11.9%), then the calculated trees cultivated area is
35.37 overestimated;

- sugar beet can be detected by means of greenness in May; this character-
istic greenness interval is also the same for haygrass as Fig. 5a
shows.

If we consider the percentage of haygrass cultivated area previously
obtained by means of egs. (3), (4) and (5) which is 16.8%, then the
difference between the percentage of haygrass area (16.87) minus the
percentage of sugar beet and haygrass by means of greemness (32.97%)
gives the percentage of sugar beet cultivated area (16.1Z), which is
19.5% underestimated compared with the percentage of sugar beet
cultivated area shown in Table 9.

The underestimation of the sugar beet cultivated area is, in this case,

caused by the overestimation of haygrass cultivated area.

Then, even if only four out of seven crops were properly detected
in the Grande Bonifica Ferrarese irrigation district, we should mention

that the big overestimation of haygrass and alfalfa cultivated areas
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strongly affected the wrong estimations of trees respectively sugar

beet cultivated areas.

2.3. Conclusions

The multi~temporal multi-index method has been improved by apply-
ing the vegetation indices formulae with new coefficients calculated
for the study areas, )

According to HALL (1984), variations of the wvalues of reflectances
measured in the four bands of MSS show up as soon as the type of soil
changes, even if the same vegetation cover is considered. This implies
that the coefficients in the greemness and brightness formulae are soil
type dependent. The use of the new coefficients in the brightness (1)
and greenness formulae (2) gave crops typical values of these two
vegetation indices (Tables 4 and 5) which are different from those in
Tables 1 and 2. Furthermore, the use of the crop typical greenness and
brightness values shown in Tables 4 and 5 gave different crop discrimina-
tion schemes as compared with those presented earlier by AZZALI (1985).

The results acquired by means of the multi-temporal - multi-index
method analysed in Chapter 10 in the previous report (AZZALI, 1985)
respectively in Section 2.2 of this report will now be compared. We call
the multi-temporal - multi-index method applied in the previous report
version A, while the same method with new coefficients for brightness

and greenness formulae applied in this report version B.

In the East Sesia irrigation district, since the crop discrimination
' by means of the multi-temporal - multi-index method was already possible
with only one image (the April image), more accurate estimates of rice
and winter wheat cultivated areas was performed by the means of the
method version B. Furthermore, good estimates were obtained for corm

and fodder crops cultivated areas by means of method version B. The good
performance of the method version A has to be attributed to the use for
crop discrimination of typical crop values of TVI, which values are in-
dependent from the specific soil line. Even few crop brightness and
greenness values taken from Tables 1 and 2 and used in method version A
performed rather well because those values were not, by chance, far from

the same crop values calculated by means of the method version B.
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Some remarks about the reference data shown in Table 8 should be
mentioned. Such reference data (Table 8) refer, as regards the East
Sesia, to three 'zone agrarie' (for the meaning of 'zone agrarie', see
AZZALT, 1985), no. 11, 12 and 13, which are the 85% of the territory
portion of the entire MSS frame. These reference data are also referring
to a cultivated area in which 907 of the crops were grown. The portion
of the East Sesia irrigation district shown in the considered LANDSAT 2~
MSS images - occuples a big part of these three
'zone agrarie' (mo. 11, 12 and 13), which means that the reference data
applving to the three zone agrarie closely relate to the portion of

East Sesia irrigation district considered in this report.

As regards the Grande Bonifica Ferrarese irrigation district, the
multi-temporal - multi-index method version A gave good crop discrimina-
tions and accurate evaluation of the percentage of cultivated areas
regarding trees, sugar beet, alfalfa and haygrass, while uncorrect
evaluations of winter wheat and corn cultivated areas occurred.

With the same method version B, the estimatiom of cultivated areas
was rather accurate for winter wheat, corn and rice while the percentages
of cultivated areas for trees, sugar beet, haygrass and alfalfa were
not correct.

Evidence of reflectance discriminations between crops is shown in
Table 12 where crops are characterized by typical vegetation index in-
terval of values in Grande Bonifica Ferrarese. Similar evident discrimi-
nations are also shown in Table 11. Crops as winter wheat, corn, rice,
haygrass plus alfalfa are undoubtedly rather well characterized by their
typical intervals of vegetation index values (Table 11). Even if sugar
beet and trees intervals of typical greenness values are very close
between each other (see Table 11), these crops can be discriminated by
the others as the procedure in Section 2.2 has shown.

Nevertheless, even though in both version A and B the spectral
characteristics are rather representative for each crop in Grande
Bonifica Ferrarese, the calculation of some crop cultivated areas as
percentage of the total territorial area gave some inaccurate results
when we compared the calculated percentage to the reference data shown
in Table 9.

These findings can be explained by taking into account the poor

accuracy of the reference data of Grande Bonifica Ferrarese (Table 9).
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These reference data give the extent of the crop areas in the entire
province of Ferrara, while the Grande Bonifica Ferrarese irrigation district
occupies the 27% only of the territorial area of Ferrara province.
Moreover, in the Ferrara province some crops as corn and winter wheat
are evenly cultivated all over the territory because they are not in-
fluenced by specific agronomic constraints. On the other hand, crops
like rice, sugar beet, trees, fodder crops, bound to specific agronomic
constraints (soil type, water table depth, presence of dairy cattle,
etc.) will show an uneven distribution all over the cultivated area of
Ferrara province. Then, the distribution of certain crops inside the
irrigation district is not similar to that of the whole territory of
Ferrara province. So, the applied method version B did not give accurate
estimations of cultivated area for those crops, as trees, sugar beet
and fodder crops, which are unevenly spread in the province of Ferrara.
Also rice is unevenly cultivated in Ferrara province but, by chance,
the territory of Grande Bomifica Ferrarese irrigation district is the
only area in the whole province in which rice is cultivated. Then, the
good discriminations regarding rice, winter wheat and corn were achieved
by the applied method version B using the reference data shown in Table
9, while to properly assess the accuracy for those crops unevenly dis-
tributed on the territory of Ferrara province, more detailed reference
data should be available.

Unfortunately, it is impossible to find a more detailed record
(for the year 1980) of the pattern of agricultural area crop distribution
for Grande Bonifica Ferrarese than that shown in the reference data in
Table 9.

As general conclusions we can say that in the East Sesia irrigation
district, the results obtained by means of both method version A and B

give us the possibility to set up the map of crop distribution regarding

the year 1980. Less accurate results (with few gross misestimates)
were obtained for the Grande Bonifica Ferrarese irrigation district,

although the accuracy of the reference data is doubtful.

The applied technique was successful till the available reference
data were accurate. Consequently, the main point of the research which

needs a further improvement is the quality of the reference data.
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To this purpose we will apply the multi-temporal - multi-index

method

- with new images of LANDSAT Thematic Mapper (IM), in the year 1985;
-~ in the East Sesia and Grande Bonifica Ferrarese irrigation districts;
- with collection of field data concerning the location of several

field plots of the main cultivated crops during 1985

in order to assess the accuracy of the crop maps obtained from LANDSAT
data.

The mapping of probable water stress of crops by means of the
multi-temporal - multi-index method and the collection of 1985
meteorological data in the analysed study areas will also be-included

in the work plan for the period October 1985 to October 1986.
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LIST OF CODES 1

Appendix 1

Codes of the crop-data-sets considered in Tables 1, 2 and 3 (after AZZALI,

1985)

Code Crop Data Set

Reference

A spring wheat
A2 spring wheat
A spring wheat
A4 spring wheat
winter wheat
well watered
a winter wheat
stressed

winter wheat

1]

winter wheat

bl
i W

winter wheat

o

small grains

&)

small grains

N

barley early

-

barley

QO W =3 "= M

- N

pasture

(2]
3]

pasture

pasture

22

- W N o W

haygrass
haygrass
haygrass
alfalfa
alfalfa
alfalfa

_'LI-’N

mixed grass

m_mwmmmuuc

quackgrass

—_

early plant
late plant

var. Produra

var. Produra

well watered

stressed

plant

barley late plant

pasture mixed

perennial ryegrass

Miller et al. (1984)
Johnson (1981)
Johnson (1981)
Badhwar (1984)

Jackson et al. (1983)

Jackson et al. (1983)
Clermont and Menenti (1984)
Pinter et al. (1981)
Pinter et al. (1981)
Hall and McDonald (1983)
Wood and Beck (1982)
Johnson (1981)

Johnson (1981)

Badhwar (1984)

Johnson (1981)

Badhwar (1984)

- Wood and Beck (1982)

Wood and Beck (1982)

Johnson (1981)

Badhwar (1984)

Clermont and Menenti (1984)
Johnson (1981)

Wood and Beck (1982)

Tucker et al. (1980)

Van Kasteren and Uenk (1975)
Van Kasteren and Uenk (1975)
Van Kasteren and Uenk (1975) .
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meadowgrass

—

red fescue

—y

sugar beet

sugar beet

W NN -

sugar beet

idle fallow

-

sorghum

—

sudan grass
corn
corn var. Pfister 5 x 29
corn var. Pfister 5 x 9
corn

corn

corn

soybeans

soybeans

soybeans

soybeans

trees

—_

orchard
oat
oat

winter rye

—

millet

—_

sunflowers

—_

beans

—_

potatoes

—_

stubble (corn residue)

[y

vineyard var. Sangiovese

—_

rice

rice

Van Kasteren and Uenk (1975)
Van Kasteren and Uenk (1975)
Van Kasteren and Uenk (1975)
Johnson (1981)

Clermont and Menenti (1984)
Johnson (1981)

Purdue Bulletin (1969)
Purdue Bulletin (1969)
Purdue Bulletin (1969)
Purdue Bulletin (1969)
Purdue Bulletin (1969)
Johnson (1981)

Badhwar et al. (1982)
Clermont and Menenti (1984)
Johnson (1981)

Purdue Bulletin (1969)
Badhwar et al. (1982)

Tucker et al. (1979)

Johnson (1981)

Wood and Beck (1982)
Johnson (1981)

Badhwar (1984)

Johnson (1981)

Johnson (1981)

Johnson (1981)

Van Kasteren and Uenk (1975)
Van Kasteren and Uenk (1975)
Seeley et al. (1983)

Martini and Sciarretta (1977)
Clermont and Menenti (1984)
Wood and Beck (1982)
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LIST OF CODES 2

AppeLULA )

Codes of the crop-data-sets considered in Tables 4, 5 and 6

(@]
Q
=9
1

Crop Data Set

Reference

winter

-
[ o T

winter
winter
winter
winter

rice

B w o >
= W

rice

rice

H B m &g g o o 60 60 0w
BV - " T R PURER (S R V)

pasture

pasture

wheat
wheat

wheat

wheat well watered

wheat stressed

pasture

pasture mixed
haygrass
haygrass
haygrass
alfalfa
alfalfa
alfalfa
alfalfa

Ungar et al. (1977)
Johnson (1981)

Clermont and Menenti (1984)

Pinter et al. (1981)
Pinter et al. (1981)

Clermont and Menenti (1984)

Wood and Beck (1982)

Agazzi and Franzetti (1975)

Johnson (1981)
Badhwar (1984)
Wood and Beck (1982)
Wood and Beck (1982)
Johnson (1981)
Badhwar (1984)

Clermont and Menenti (1984)

Johnson (1981)

Wood and Beck (1982)
Tucker et al. (1980)
Ungar et al. (1977)

(The values into parenthesis correspond to the stage of the

alfalfa cuttings)

O 6o
W R - -

corn

corn

corn

corn

| I e U o B o T T = ]
B2OWN = -

W

COoTnl

summer horticultural crops
sugar heet
sugar beet
sugar beet

idle fallow

Ungar et al. (1977)
Ungar et al. (1977)
Johnson (1981)
Steven et al. (1983)
Johnson (1981)
L.A.R.S. (1968)
Ungar et al. (1977)
Tucker et al. (1979)
Johnson (1981)

Clermont and Menenti (1984)
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trees
orchard
stubble (corn residue)

vineyard var., Sangiovese

Johnson (1981)

Wood and Beck (1982)

Seeley et al. (1983)

Martini and Sciarretta (1977)



Appendix 2

LANDSAT 2 - MSS PRODUCTS

Colour coded image on photo 1| is obtained by taking the multi-
spectral image of brightness on April 22 and assigning the blue colour
to the interval in which rice is discriminated from the other crops by
means of brightness in April. Furthermore, the green and the red colours
have been assigned to the values upper and lower boundaries belonging
to the interval of corn discrimination by means of brightness.

Note: the brightness characteristic interval of corn in the image is
between 42 and 51. Corn has as confusion crop winter wheat which intrudes
in the corn characteristic brightness interval in the values between

49 and 51. In the image the red colour denotes the brightness interval
between the values 49 and 51 which belong both to corn and winter wheat,
while the green colour denotes the interval of brightness between values
42 and 48 which discriminate part of corn cultivated area from the

other crops.

Colour coded image on photo 2 is obtained taking the multispectral
image of greenness on April 22 and assigning the green colour to values
within the characteristic interval of winter wheat and the red colour

to values within the characteristic interval of haygrass and pasture.

Colour coded image in photo 3 has been obtained by calculating the
difference between the multispectral image of brightness on April 22 and
the multispectral image of greenness on the same date. Then, the green
colour was assigned to the values within the corresponding characteristic
interval of the difference between the brightness values of corn plus
winter wheat in April minus the characteristic greenness values of
winter wheat in April. This procedure to discriminate corn from the

other crops is explained at page 20 of this report.

Colour coded image in photo 4 is obtained by taking the multispectral
image of greenness on May 8 and assigning the red colour to the interval
in which winter wheat is discriminated from the other crops by means of
greenness. Furthermore, assigning the green colour to the interval in
which corn is discriminated from the other crops by means of greenness.
Then the blue colour was assigned to the interval in which rice is dis-

criminated from the other crops by means of greenness. The greenness
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interval between the values 17 and 23 is denoted by the yellow colour,
such interval of greenness values denotes trees plus a portion of alfalfa
cultivated area. The vioclet colour was assigned to the greenness inter-
val between the values 10 and 16 which denate sugar beet plus a portion

of haygrass cultivated area.

Colour coded image on photo 5 is obtained taking the multispectral
image of greenness on July 28 and assigning the red colour to the
interval in which haygrass plus alfalfa are discriminated from the other

crops by means of greenness in July.

32



