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Abstract: -This paper presents several combined agricultural data disaggregation models in order to recover the
farms’ land uses, the livestock numbers and main crops’ productions. The proposed approach estimates
incomplete information at disaggregated level through entropy, using an information prior, and generating
information for a combined calculation use of data in the estimation of other variables. The models were applied
to the region of Algarve, to some rural pilot areas (Salir-Ameixial-Cachopo and Alcoutim) for livestock data,
since this data in some Algarve’s inland areas is needed for a European forest fire prevention project, and to the
agrarian zones in a more complex framework. The results are promising. They were validated, in cross reference
to real data, having proven to be valid and reliable. The total error was small and a considerable level of
information heterogeneity was recovered. The total error was about 27,9% for the counties’ land uses and 21%
for the agrarian zones, and for the livestock it was also acceptable. The level of heterogeneity recovered was
always higher than 50%, revealing some improvements regarding previous studies.
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1 Introduction These models provided disaggregated data to

At a global level, there is a lack of agricultural data support decision making in an inexpensive way.
at sub-national adequate levels with the desired However, and in spite of the efforts, a combined
regularity, which is a problem both worldwide [18, ~ dynamic model that could provide a sequence of
20], Europe [1] and in Portugal [2], many times dlsaggegated data rega¥d1ng land uses, livestock and
considered as having not an appropriate and valid ‘_[he main crops’ productions was not developeq. Also,
solution. in Portugal, the models proposed by Howitt and

To solve these problems, data disaggregation Reynaud [6, 7] weren’t developed and Valide'lted' in
models, were developed by authors such as Chakir seyeral years of the calculgteq sequence, considering
[1], Fragoso et al. [2], Martins et al. [13, 14, 15] their full framework. Vahda_tlon with real data was
Howitt and Reynaud [6 ,7], You and Wood [17, 18] only made with the 1999 Agricultural Census.

You et al. [19, 20, 21, 22] or Xavier et al [23]. The model proposed is inspired in Martins et al.
[14, 15] Fragoso et al. [2] Howitt and Reynaud [6, 7]
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and You and Wood [17,18] and it estimates
agricultural land use at a disaggregated level using
aggregated data and a generalized maximum entropy
(GME). This data is then used to calculate the
livestock in an extensive regime and to help
disaggregating the crops’ production statistics,
considered essential for the investigation on
agricultural and rural development policies [20].

This model is applied to the Algarve Region. Here
several studies regarding the FEuropean project
PROTECT (An Integrated European Model to Protect
MEDiterranean Forests from Fire) are being carried
out. In this project it is intended to develop a
sustainable ecological and economical forest
management model that will be tested in several
forest intervention zones (FIZs) located in the
Algarve’s inland.

For implementing these models up-to-date data
regarding the farms characteristics is needed such as
land uses and livestock. Knowing the values of the
livestock raised in an extensive way it’s relevant
since it may be used in forest fires prevention.

Therefore, since the model must have a strong
empirical application, the land use disaggregation
model was applied to all counties and also to agrarian
zones in order to obtain validation from other years;
the production calculation was applied to all counties,
but the livestock estimation model was only applied
to Alcoutim and a unit in the inland composed by the
parishes of Cachopo, Ameixial and Salir (SAM
zone), considered relevant for the PROTECT project..

This article is organized as follows: in section 2
the problem formulation is presented; section 3
presents the methodology; in section 4 the results are
presented and in section 5 the data validation is made.
Finally section 6 presents the main conclusions of
this work.

2 Problem Formulation

The disaggregation problem being studied must
consider 5 key aspects: 1) there is available data at
aggregated level for t periods that should be
considered (t, t+1...T); 2) there is disaggregated data
for the first periods (1989 and 1999); 3) some co-
variables or restrictions can be incorporated; 4) the
livestock is raised mainly in an extensive way in
some areas of the Algarve’s inland and for the rest
there is not a direct link between land uses and
livestock; 5) The total aggregated values for the
variables (land uses, livestock and production) must
be respected. Therefore, the disaggregation problem
can be formulated for agricultural land use as:

ISSN: 1792-6114

193

SL(t) = 2.Si(1)

B,cA,

(M

The aim is to obtain through the known variable
Si (t) S™i(t). the data for S! (t), which represents the

target variable k at disaggregated level 1.

These disaggregated and aggregated values may
also be represented as a percent value, a probability,
as follows:

5, (1)
210
¢ 2

Y @)= Vk,t=1,.K

3 The methodology

3.1 The land use disaggregation model

To define the dynamic process of soil occupation for
a county in a given year t, it must be considered that
each agro-forestry activity occupation depends only
on its occupation at the previous year t-1. As the
variables levels depend only on their values for
precedent years the inter-temporal existing relations
can be characterized by a first degree Markov
process, which allows the use of all the existing
information.

Assuming a second order Markov process, the
probability of passing from any state of decision
je{l,...,K'} in the year t-1 to a state of decision
J'E(1,..,K Hin be by

yi(t-1)xy,(t). This probabilities product can be

year t can given

associated to a matrix Tj’/ which dimension is

(K'™xK") and is the transition probabilities matrix.

The dynamic process of agro-forestry activities
distribution at aggregated level is obtained based on
the estimation of the transition probabilities matrix at

aggregated level7,., using the maximum entropy
theory (ME). It is a problem of information

recovering which also estimates the distribution error
(ep(H) [2,6,7, 14]:

I J M N T (3)
MaxH(T.0)=- 2, X DT, 108(Ty,)- 2, X0 Die s, ()logley, ()
=l =l m=l j=l n=l t=r
Subject to:
J M N
0,(t+1)= X, D20,y Ty + Dyne,n(d, Vi'andt
j=1 m=l n=1 (4)
J M
2 Zwm ‘T[/"m :1 V‘]
j'=l m=l (5)
M
2T, =1 andTii€]0,1] Viandj
(©)
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(7

N
Zej," ()=1 andey, €[0,1] Vj'andt

n=1

This optimization problem maximizes the entropy

the probabilities distribution
Ty} Viandjand {e,,...e,,} Vj'and t,
considering the conditions imposed by restrictions.
Equation (4) defines the dynamic process of soil
occupation. Equation (5) determines that the sum of
the transition probabilities in any Markov state is
equal to 1. Equations (6 ) and (7) guaranty that the

variables values {Tisees Typns and

of
{T

o

{€,5-,€e,y } are defined between 0 and 1 and that its

sum s 1.

3.2 The disaggregation process

To restore the agro-forestry distributions at counties’
level, the transition probabilities matrix at
disaggregated level should be estimated each year, by
solving a generalized cross entropy (GCE)
minimization problem concerning the estimated prior
at aggregated level (transition matrixes) and using the
transition probabilities estimates for land use at
disaggregated levels.

According to Golan et al.[4], Howitt and Reynaud
[6, 7], Fragoso et al. [2], Martins et. al [14, 15] and
Xavier et al. [23], the first step of this disaggregation
process can be translated by the following cross
entropy minimization problem:

MinH(T, ¢)= $ 8510007 £ 8 Seswtone,n S

i=l j=1 j'=l k=l n=l t=r+l
Subject to:
$ NI 9)
S+ =2 2 DaOT0)s+ X ¢ e, ()Vk =1,..K
=l j=1 j'&y n=1
J
2T =1and T’ '€[0,1] Vjandj (10)
j'=1
N
N e (=1 and e, (t) €0,1] Vj'andt Y
n=1
J
yhlim) > D, Y qi().Th()Viandk =1,..K (12)
j= s
And/ or
L
yhmin}, > D, Y, q\().TL()Vi and k=1,..K
IS (13)
And
J
yslim! > > Y ()T ()Viand k=1,.. K (14)
Ao )
Or
J
Bi> D, > q\(n)TL(t).S'Viandk=1,..K (15)
= ‘
ISSN: 1792-6114

194

where {(),...,{y} with N > 2 points is the support

vector associated to the probabilities {€,,....€xy} -

The objective is to minimize the cross entropy of
the transition probabilities distribution and the
entropy of the errors probabilities distribution (8)
subjected to several restrictions.

Equation (9) guarantees information compatibility
between aggregated and disaggregated levels.
Equations 10 and 11 ensure that T and ey, sum is
equal to 1.

The equations (12) and (14) refer to the percent
value in relation to the total area of the farm and
imply that the occupation probabilities must not
exceed the historical maximum limits of the
probability of each occupation k in each unit i

( yhlim{, ) or the biophysical limits for each occupation

(yslim, ), when the data complemented with experts’

opinions does not allow the establishment of the first
restriction. It is also possible to insert minimum
historical limits (13).

The equation (15) reports to situations, where we
have a biophysical area of a unit i (referring to a
county or parish), and so that unit is larger than the
farms total land use. Therefore, we do have not
specific information about its distribution in the
farm’s area.

If there isn’t available data for all units one may
also choose a direct disaggregation of data regarding
the referred pilot areas [14], by rewriting equation (9)
in the following way:

L N
vt = X, Y qi 0T+ X 6,e,() Vkandt
ey
After this minimization problem, one may simply

use the 73; to calculate )7: (t+1), and S (R

(16)

n=l1

P+ = s Y g o1 S @rh=ge+ns’ (A7)

J=Lisy

3.3 The livestock’s numbers estimation

The livestock are taken as a function of land uses if
they are raised in an extensive way or of other
explanatory variables, if the previous situation
doesn’t verify. Since we only intend to obtain data on
livestock raised on an extensive regime, focus will be
placed there.

3.4 The breeding livestock estimation

In order to calculate the breeding livestock in an
extensive regime a relation between land uses and
livestock must be made. To do so the conversion in
Normal Heads (NH) is useful. Normal Head is a
livestock measure that relates the livestock converted
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to normal heads in function of the species and ages,
based on a legal table of conversion. As an example,
a sheep over 1 year will equal 0.15 NH, while a
bovine over 2 years will equal 1 NH.

We consider that the number of effective livestock
intended for breeding p (in NH) in unit i, at the
moment t can be calculated in the following way:
ENH' (t)= E! (t)x INH,, (18)
where INH is the conversion index from livestock p
into NH (the NH equivalent).

If there is valuable data about all the previous
disaggregated land uses, we may establish other
coefficients in order to have a more complete
relation. To do so there are several processes of areal
weighting from other scientific areas such as Gallego
and Peedell [3]. If it’s not possible, the relation
between livestock numbers in NH and agricultural
and forest occupation is determined by [15]:

Ri = (i ENH' (1)) + S| (19)

in which R is the relation between total livestock
numbers p and k agricultural and forest occupation in
territorial unit i.

These values can then be transferred to a period
t+1 according to the following formula:

ENH'(t+1) =R} xS (t+1) (20)

Until this point, the methodology proposed
allowed us to estimate the total number of breeding
livestock (NH), but it does not allow us to calculate
the percentage weight of each category.

Therefore, we have to convert the data of each
livestock breeding categories into NH; from a
database created at aggregate level, based on the
theory of maximum entropy calculate the livestock
weight in t+1...T; and finally redistributing the NH.
Afterwards, the number of NH can easily be
converted into real number of animals’ by means of
the inverted use of each conversion index. So:

E!(t+1)=ENH (t+1)/ INH, @1

3.5 Total livestock’s numbers estimation

To estimate total livestock numbers, the data
conversition in NH cannot be made due to the NH
coeficients limits. If a set of explanatory variables is
available it can be used and will solve this problem. If
not, one may suppose, as refferred by Martins et al.
[15] that the year variation rate follows the livestock
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intended for breeding rate (or the aggregate if that
data is not liable), and so:

o E (t+x) &
VEL, =( ()" )-1
Ep

in which %Et; is the year variation rate of total

(22)

livestock p, x the number of years.

3.6 The production data disaggregation

To convert the allocated crop areas into
production, we need to consider, both the broader
production systems, and the spatial variation within
them [18].

In order to calculate the several different crops’
productions the following formulae, proposed by You
and Wood [18], may be used:

> Suit,.S;,
Pr, =~

s,

where S, and Suit are the allocated crop areas and

(23)

potential  yields determined by  biophysical
conditions. Then estimate the actual crop yield of

crop k in production system 1 and unit i (Pr; ) as:
Pry = SUij/i/-Pfﬁd
T (24)
Finally the production for each crop k in unit i will
be calculated:

Prod'u = S, x (cropintens) x Pr'u (25)
If data is not available, it’s recommended to use
all the reference disaggregated yield of existing
productivities and the biophysical determinants and,
if possible, the climatic determinants. Also, areal

weighting techniques may be another choice.

4. Results

The proposed model was applied to recover: 1) The
main land uses and crops’ area of counties using the
complete restrictions dataset presented and a
simultaneous  disaggregation procedure; 2) A
complete sequence of data using the agrarian zones in
a more complex framework, with restrictions only in
the first two years; 3) The disaggregation of the main
crops using a direct disaggregation procedure for the
SAM area; 4) The disaggregation of total livestock
numbers for the two pilot areas presented before, as
well as the extensive raised livestock intended for
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breeding; 5) the disaggregation by county of some of
the existing crops’ production.

A sequence of data for the years of 1993, 1995,
1997, 1999, 2003, and 2005 was obtained, for all the
variants with the exception of the productions, for
which the results were only presented for the years
2003 and 2005. These results are presented next.

The simultaneous land use disaggregation model
was applied in the Algarve region considering 12
land uses in order to obtain disaggregated data for the
several agrarian zones and counties. The results were
considerable and are presented in table 1 (annex) for
the year 2005.

For livestock data disaggregation was only
considered in the two pilot areas (Alcoutim and the
SAM zone). Here a series of the main livestock
intended for breeding, namely Bovines, Sheep and
Goats evolution was recovered, and a more detailed
data set in proportions for the whole animals which
also includes Swines, and that was converted to
animals in the last two years of the sequence ( as
exemplified in table 2-annex).

For the crops’ production, data it was only
recovered for some specific crops, since the yields,
provided by the Regional Direction of Agriculture,
only referred to some crops (figure 1-annex presents
some sample results).

5 Validation

The validation is made for year 1999 (exception for
the agrarian zones) because of the lack of statistical
data [2] and was based in the analysis of several
deviation indicators, such as:

PAD, = Y Yl 100
. (26)
iooi K
WPAD, =y,[2-- Y% and  WPAD = ywpaD, (27)
k k=1
and, at the aggregated level:
1 i
WPAD =Y WPAD'
= S (28)
The data regarding the  simultaneous

disaggregation procedures revealed a total error of
27,9% for the counties in 1999.

For the agrarian zones, the results were a little
better since the WPAD was of 20,9% in 1999.
However, it was of 38% in 2003 and 29,3% in 2005.

These more relevant errors may be caused by the
impact of forest fires in territorial occupation.

For the SAM zone the error was about 30% for the
main land uses.
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The total livestock percentage estimation process
revealed a WPAD' of 23,7% for Alcoutim and 21%
for the SAM zone. On the other hand the WPAD' for

the historical breeding livestock recovery was of 33%

for Alcoutim and 28% for the SAM zone.

To measure the information gains of these
procedures the Disaggregation Informational Gain
(DIG) was used [6,7]. DIG is based in the cross
entropy between the observed values for land use at
aggregated level y, and at disaggregated level y,

and in the cross entropy between the land uses
estimated by the disaggregation process y; and the

observed at disaggregated level y; .

The level of recovered information was very
satisfactory over passing the levels obtained by
Fragoso et al. [2] for the Alentejo area. About 67% of
the information heterogeneity was recovered in the
land use disaggregation model in 1999. Also, for the
land uses, in the agrarian zones, the following DIGs
were obtained: 55% in 1999, 52% in 2003 and 56%
in 2005.

6 Conclusion

The models were able to recover all the necessary
information and to give a good contribute for the
availability of data in the Algarve Region area. This
data may be useful for better understanding the
tendencies and solving rural development problems..

However, these models may still be improved and
namely for the production disaggregation processes a
more complex framework may be developed. The
rapid changes that take place, such as forest fires, and
don’t allow the models adaptation [6, 7] are still an
aspect that is only solved with the inclusion of prior
information.

Also, if the recollection of several explanatory
variables of the livestock number (e.g. meat produced
by territorial unit, quantity of feeding stuffs sold)
could be done it may be applied to all the existing
livestock.

Therefore, we intend in the future to optimize this
model and solve this and other facts that may be
points of improvement.

Acknowledgments
The author gratefully acknowledges partial financial
support from FCT, program POCTI

References:

[1] Chakir R., Spatial downscaling of agricultural
land use data: an econometric approach using

ISBN: 978-960-474-243-1



ADVANCES in MATHEMATICAL and COMPUTATIONAL METHODS

cross—entropy". Land Economics,

pp. 238-251.

[2] Fragoso, R., Martins, M.B., and Lucas, M.R.,
Generate disaggregated soil allocation data using
a Minimum Cross Entropy Model. WSEAS
Transaction on Environment and Development,
Issue 9, Vol. 4, 2008, pp. 756-766.

[3] Gallego. F.J. and Peedell S. Using CORINE Land
Cover to map population density. Towards Agri-
environmental indicators, Topic report 6/2001
European Environment Agency, Copenhagen,
2001, pp. 92-103.

[4] Golan, A., Judge, G. and Miller, D., Maximum
Entropy Econometrics: Robust Estimation with
Limited Data, NewYork, USA, John Wiley &
Sons, 1996.

[5] Good, I, Maximum entropy for hypothesis

formulation, especially for multidimensional

contingency tables. The Annals of Mathematical

Statistics, 34 (3), 1963, pp. 911-934.

Howitt, R and Reynaud, A, Spatial
Disaggregation of production data by maximum
entropy. X congresso f the EAAE “Exploring the
diversity in the European Agri-Food-System”,
Saragoga, Spain, 28-31 August 2002.

Howitt, R. and Reynaud, A. Spatial
disaggregation of agricultural production data
using maximum entropy, European Review of
Agricultural Economics, 30 (3), 2003, pp. 359—
387.

INE-Instituto  Nacional de  Estatistica,
Recenseamento geral da agricultura de 1989,
Lisbon, Portugal, INE, 1989.

INE-Instituto  Nacional de  Estatistica,
Estatisticas agricolas, Lisbon, Portugal, INE,
1993-2007.

[10] INE-Instituto Nacional de Estatistica, Anudrios
estatisticos da Regido do Algarve. Lisbon,
Portugal, INE, 1994-2007.

[11] INE-Instituto Nacional de Estatistica, /nquérito
a estrutura das exploragées agricolas, Lisbon,
Portugal: INE, 1995-2006.

[12] INE-Instituto  Nacional de  Estatistica
Recenseamento geral da agricultura de 1999.
Lisbon, Portugal, INE, 2001.

[13] Martins, M. B., Fragoso, R., Xavier, A.,
Recovery of incomplete agricultural land uses and
livestock numbers by entropy, [114th EAAE
Seminar ‘Structural Change in Agriculture’,
Berlim, Germany, April 15 - 16, 2010.

[14] Martins, M. B., Fragoso, R., Xavier, A., Spatial
disaggregation of agricultural data in Castelo de
Vide, Alentejo, Portugal: an approach based on

85(2), 2009,

[6]

[7]

[8]

[9]

ISSN: 1792-6114

197

maximum entropy. J.P. Jounal of Biostatistics,
2010 (paper accepted for publication).

[15] Martins, M. B., Fragoso, R., Xavier, A.
Recovery of incomplete data of statistical
livestock number applying an entropy approach
(submitted), 2010.

[16] Pukelsheim, F., The three sigma rule, American
statistician, 48(4), 1994, pp. 88-91.

[17] You, L. and Wood, S., Assessing the spatial
distribution of crop production using a cross-
entropy method, EPTD discussion paper N° 126,
International Food Policy Research Institute,
Washington, 2004.

[18] You, L. and Wood, S., An entropy approach to
spatial disaggregation of agricultural production.
Agricultural Systems, 90, 2006, pp. 329-347.

[19] You, L., Wood, S. and Wood-Sichra, U.
Generating Global Crop Distribution Maps: From
Census to Grid. International Food Policy
Research Institute, Washington, 2006.

[20] You, L., Wood, S., Wood-Sichra, U. and
Chamberlin, J. Generating Plausible Crop
Distribution Maps for Sub-Saharan Africa Using a
Spatial Allocation Model. Information
Development, 23 (2/3), 2007, pp. 151-159.

[21] You, L., Wood, S. and Wood-Sichra, U.,
Generating Plausible Crop Distribution and
Performance Maps for Sub-Saharan Africa Using
a Spatially Disaggregated Data Fusion and
Optimization Approach, IFPRI Discussion Paper
00725, International Food Policy Research
Institute, Washington 2007.

[22] You, L., Wood, S. and Wood-Sichra, U.
Generating plausible crop distribution maps for
Sub-Saharan ~ Africa using a  spatially
disaggregated data fusion and optimization
approach. Agricultural Systems, 99 (2-3), 2009,
pp. 126-140.

[23] Xavier, A., Martins, M. and Fragoso, R., A
desagregacdo de dados agricolas de ocupagdo do
solo: aplicagdo a Regido do Algarve de uma
abordagem baseada na entropia, Actas do VI
Congresso da APDEA e do IV Congresso de
Gestdo e Conservagdo da Natureza, 15-17 July,
2010, Ponta Delgada.

ISBN: 978-960-474-243-1



ADVANCES in MATHEMATICAL and COMPUTATIONAL METHODS

Table 1-The land uses probabilities in 2005 for the Algarve’s counties

ALBUFEIRA ALCOUTIM ALJEZUR f\.RIM FARO LAGOA LAGOS LOULE MONCHIQUE OLHAO PORTIMAO iI_BPORTEL SILVES TAVIRA \B/:EQCI)JO VRSA

0,006 0,011 0,014 0,021 0,002 0,003 0,022 0,007 0,001 0,002 0,006 0,007 0,01 0,025 0,034 0,018
<« 0,078 0,038 0,121 0,082 0,193 0,076 0,212 0,059 0,067 0,164 0,105 0,046 0,033 0,066 0,078 0,162
o 0,191 0,173 0,274 0,18 0,075 0,096 0,187 0,056 0,009 0,083 0,066 0,054 0,122 0,112 0,246 0,318
e 0,134 0,00 0,001 0,015 0,264 0,152 0,028 0,051 0,021 0,26 0,072 0,018 0,197 0,065 0 0,077
v 0,025 0,00 2,32E+02 0,007 0,006 0,024 0,01 0,005 0,001 0,012 0,034 0,004 0,004 0,008 0,00E+00 0,012
o 0,079 0,006 0 0,027 0,074 0,061 0,01 0,068 0,007 0,061 0,067 0,072 0,03 0,04 0 0,019
o 0,121 0,042 0 0,089 0,058 0,121 0,033 0,044 6,34E+02 0,08 0,055 0,02 0,016 0,043 0,001 0,016
AM 0,256 0,005 0,023 0,071 0,177 0,213 0,034 0,134 0,004 0,171 0,149 0,076 0,058 0,075 0,003 0,113
o 0,005 0,176 0,152 0,127 0,011 0,009 0,135 0,03 0,019 0,002 0,124 0 0,084 0,007 0,431 0,119
i 0,014 0,254 0,277 0,043 0,062 0,101 0,244 0,352 0,736 0,093 0,226 0,531 0,218 0,154 0,106 0,009
. 0,073 0,146 0,103 0,201 0,095 0,089 0,069 0,11 0,05 0,075 0,061 0,091 0,127 0,23 0,079 0,124
z'\(‘)T 0,019 0,004 0,03 0,011 0,027 0,024 0,018 0,013 0,016 0,018 0,017 0,02 0,012 0,017 0,048 0,009

(source: model results)
CC-cereals; OCT- other temporary crops; PO-Fallows; CT-citrines; OFF- other fresh fruits; OL-olive trees; AM-almond trees; OCP-
Other permanent crops; PP-permanent pastures; MF —Shrubs and forest without crops; SNT-non used agricultural area; OO- other

occupations
Figure 2- The percentages/probabilities and total number of livestock-Alcoutim
Anim/years 11993 1995 1997 11999 2003 2005
BO 0,018 0,02 0,017 0,017 0,019 381 0,02 293
oV 0,651 0,659 0,655 0,671 0,681 13639 0,683 10017
CAP 0,257 0,254 0,251 0,228 0,228 4566 0,229 3358
SU 0,074 0,067 0,077 0,084 0,072 1442 0,068 997
(source: model results)
County prod. (ton)
ALBUFEIRA 163
ALCOUTIM 58
AUEZUR 0
CASTRO MARIM 142
FARO 154
LAGOA 50
LAGOS 22 Legend
LOULE 751 O
MONCHIQUE 30 %0
OLHAO 105
STRO MARIM
PORTIMAO 139 .
S B ALPORTEL 123 : SANTO ANTONID
SILVES 327
TAVIRA 439
VILA DO BISPO 0 0510 20 30 40kms
VRSA 16 N N
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Figure 1- The disaggregated olive production by county

(source: model results)
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