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Abstract. Landsat Thematic Maper (TM) imagery was used to estimate crop
area using the regression method. Two different kind of estimates have been made;
one using a Landsat TM image of the same year as the ground sample and the
other using an image taken the year before. The results show that if the rate of
land cover change is not great the use of an image of the year previous to the
ground survey is a way of reducing the costs of the images acquisition without a
great loss in the accuracy, of the area estimation of the main crops compared to
the conventional regression method.” '

1. Introduction

Objective methods of producing crop. statistics based on frame and ground
sampling techniques are widely uséd*today (Gallego 1995). The combining of ground
sampling with the results obtained from the supervised classification of fine spatial
resolution satellite images, more or less of the same date, by the use of the regression
estimator (Cochran 1977) considerably improves the estimation accuracy of the
crop areas. .

This methodology is performed in many regions and continents under different
agrarian conditions (Allen and Hanuschak 1988, Delince 1990, Gonzalez-Alonso
et al. 1991).

The objective of this study has been to analyse and compare the results obtained
in the crop area estimation in the cases of using an image contemporaneous with
the ground survey and one image taken the year before.

2. Methodology

The methodology for estimating crop. areas using satellite images and ground
sample data is based on the use of regression estimator (Allen and Hanuschak 1988,
Delince' 1990, Gonzalez-Alonso et al.»1991; Gonzalez-Alonso and Cuevas 1993 a,
1993 b).

To estimate crop areas using the direct expansion method only the ground data
sample is used, while in the regréssion method it is necessary to fit the regression
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model:
Yi=bo+ b X; i=]1,..,n (1)

Where Y; is the percentage of the area occupied by the crop of interest in the segment
i (obtained from the ground survey) X; the pertentageé of ‘the area occupied by the
crop of interest in the segment i (calculated from the classification of the pixels
corresponding to the segment i), by, b, are the simple regression coefficients and n
the number of segments in the sample.

If Y is the sample mean of Y, in the direct expansion method the area occupied
by the crop of interest, T, will be

T=DY (2)

D being the area of the study zone.

In the estimation by the regression method the surface occupied by the crop of
interest, T, will be

Treg = DYes (3)

Being Y., = ¥+ b,(Xp00 — X). B
Where b, is the simple regression coefficient previously calculated, X, the
proportion of pixels classified as the crop of interest, obtained from the supervised
classification of all the pixels in the study zone, and X the'sample mean of X;.
In these conditions the variance of the total crop area estimation by the regression
method is ‘

V(To) = V(T)(1=72) (4)

V(T) being the variance of the total crop area estimation by the direct expansion
method and r the simple correlation coefficient between Y and X. Logically, the
greater the value of r, the lower the variance of the total crop area estimation by
the regression method.

In order to determine the success associated with the regression estimator, its
relative efficiency (RE) is calculated (Allen and Hanuschack 1988). The RE of the
regression estimator compared to the direct expansion estimator is defined as the
ratio of their respective variances

RE = V(T)/V(T,s) = 1/(1 =77 : (3)

If RE = 2 then the same precision would have been obtained if the ground data
sample size had been doubled and the satellite image had not been used.

The interest of the regression estimator consists of the correction of the estimated
mean of a variable Y, known from a sample of,size.n, as.a function of the results
obtained from an auxiliary variable X that ha§ some degree of linear correlation
with the interest variable Y. In our case, for a given crop, for each segment in the
sample, Y is the proportion occupied by the crop as deduced from the digitization
of the ground survey and X is the proportion of pixels of the satellite image classified
as being of the given crop.

In the traditional application of the regression method the variable X is deduced
form the supervised classification of an image contemporaneous with the ground
survey. If the analysis of the ground surveys of two consecutive years shows that the
structure of land uses and the kind of crops present in the study zone have not
suffered very severe modifications, using the results of the classification of an image
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from the year before, or previous years, could be considered. This negates the
necessity to acquire the complete satellite image cover for the study area every year
decreasing in an important way the costs of the dmages acquisition involved using
the regression method in large regions. .

In these conditions the diachronic estimator of the regression mean for the year
n will be

Y,reg.n‘= i-,n'*'bvl(j(-n—‘(f;-’T:n--l) (6)
Being X,_, and X,_, obtained from the classification of the satellite image of the
year n— 1.

3. Application and results

The pilot area where this methodology has been tested is formed by the strata 1
(irrigated herbaceous crops) and 2 (unirrigated herbaceous crops) of the Lleida
province (Autonomous Community of Catalonia, northeastern Spain). The study
area surface is 293 511 ha. The ground sample is composed of 54 square segments of
700m by 700m (49 ha), which were ground surveyed in June 1994. The sampling
rate is about 1 per cent. The used Landsat-5 Thematic Mapper (TM) images were
recorded in June 1993 and 1994.

In order to analyse the results of this methodéﬁdgy, barley, the most abundant
crop in the study area was chosen. According to the Landsat TM images supervised
classifications it occupied 39-44 per cent bf;the study area in 1993 and 44-33 per cent
in 1994. ‘ o

Table 1 shows the resulfs obtained for the barley applying the direct expansion
method (using only the 1994 ground survey), the conventional regression method
(using the 1994 ground survey and the classification of the 1994 Landsat TM image)
and the diachronic regression method (using the 1994 ground survey and the
classification of the 1993 Landsat TM image). , '

Both regression methods produce a very similar reduction of the variance, being
consequently the coefficients of variation quite similar, although the estimation by
the conventional regression method is slightly better, 4-09 per cent against 4-39 per
cent. The relative efficiency of the conventional regression method is higher than the
diachronic regression method, 9-60 against 9-26, but the difference is quite small.

The use of the 1994 ground survey combined with the results of the classification
of the 1993 Landsat TM image produces a reduction of 9-26 times in the variance
of the estimation of the barley area without any additional cost, as the 1993 image
is supposed to have been previously acquired and; classified.

Table 1. Obtained results for the barley with the different methods of area estimation.

SUR STE, CVI’ r’ RE bo b,
Direct expansion 113235 13576 1198
(1994 ground survey)
Regression 107045 4379 409 0895 9-60 0023 0776
(1994 Landsat TM image)
Diachronic regression 101 550 4460 439 0892 926 0032 0860

(1993 Landsat TM image)

SUR = surface in hectares, STE = standard error, CV = coefficient of variation, r’=
coefficient of determination. RE = relative efficiency, b, and b, = regression coefficients.
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4. Conclusion

The application of the regression estimator using classified images of the year
before the ground survey allows obtaining reductions in the variance of the crop
area estimation very similar to those obtained fusing contemporaneous imagery in
the regions where the structure of land uses and the kind of crops do not suffer
extreme changes from one year to the following. This methodology overcomes the
necessity of acquiring satellite image cover each year and consequently produces
reductions in the costs involved in the use of the regression method in the estimation
of crop areas.
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