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OThe temporal and spatial distribution of dry and wet seasons is drastically limiting forage and agricultural
production in Honduras. A regional overview on how these patterns influence the income of different types of
milk producers was non-existent and would be a beneficial tool for targeting policies and development
interventions. Thispaper examines the regionalized incomesderived frommilkproductionby relatingdry season
length to milk production parameters for dairy farms. Cattle farms were assessed using two samples. Milk
production in the dry andwet seasonswas characterizedbymonthlynet income frommilkper cow. SampleA (97
farms)was classified according to a) herd size classes and b) performance in dry seasonmilk production. Sample
B (30 farms) assessed advanced farms that used more forage technologies than the others.
The income from milk was related to environmental conditions by means of a countrywide map based on dry
season length. Themapwas created by estimating thewater balance for eachmonth in a GIS. Yearly income from
milk/cow was regionalized for the farm classifications and combined with agricultural census data.
Results of the GIS analysis show a detailed zoning of dry season length and yearly income per cow from milk.
Climate-income maps quantify the income ranges of the examined groups of farms.
Climate change models predict temperature rise and decreasing precipitation for Honduras. In view of these
trends the results can be used for an interpretation of farm vulnerability and resilience to climate change.
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EC1. Introduction

Large parts of Honduras are characterized by a prolonged dry
season, varying in length between the moist zones of the North,
seasonally dry livestock zones in the center and the dry South. This
temporal and spatial seasonality is limiting forage and agricultural
production gradually and as a consequence, the income of farmers
depends on climatic conditions. Thus an interdisciplinary research
approach is needed when it comes to relate specific climatic
conditions to economic indicators for milk production.

Detailed information on climatic patterns in Honduras is important,
because Central America's milk production in the dry season is about
40% lower than in the rainy season, when feed resources from green
pasture are abundant (Argel, 1999; Holmann, 2001). Low quality and
quantity of feed aswell as the low genetic potential for milk production
of the commonly used dual-purpose cattle (i.e. cattle for beef and milk
production) lead to the sharp decline in milk production during the dry
season. (Suttie, 2000; Fujisaka et al., 2005).
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Farmer's live histories tell that milk production systems in
Honduras mainly originated from extensive ranching systems. In the
past when land was abundant in Honduras ranching enabled farmers
to cope with difficult ecological conditions of prolonged dry seasons.
In ranching, the use of labor is considerably less intensive than in
other agricultural land use purposes (Williams, 1986). However, over
the past years a high demand for dairy products has resulted in a
general change of farming systems from ranching, with its primary
product beef, to increased importance of milk production. Between
2001 and 2003, milk production in Honduras lagged 14% behind
consumption (FAO, 2005) and projections to 2020 foresee an annual
growth of milk demand by 2.9% for developing countries (Delgado,
2005). Such conditions may be an opportunity for smallholder farmers
to increase their incomes but low market participation (Kyeyamwa,
et al, 2008) and the technological level of their production temper the
optimism.

Yet, cost efficient milk production under the given climatic
conditions of Honduras is much more demanding than ranching. So
far, many farmers have shifted to milk production but did not yet fully
account for this in herd management and feeding strategies. In both,
traditional andmodern farming systems of Honduras, the profitability
of milk production depends on climatic factors. Moreover, for many
farms the income from milk sales provides the only continuous cash
ome indicators for milk production in Honduras,

http://www.fao.org/es/ess/yearbook/vol_1_2/pdf/Honduras.pdf
mailto:geo.lentes@gmx.de
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flow, which allows investing in other farm activities such as the
cultivation of cash and subsistence crops, general improvements of
the livestock system, the adoption of improved forage options or the
improvement of cattle breeds.

Regionalization of income disparities is able to efficiently visualize
and present the complex situations. Policy and development inter-
ventions can be planned easier when the situation and possible
impact of changes is modeled spatially.

Only few papers used regionalization for the case of Honduras and
none of them related climatic factors to the income from milk. Jansen
et al. (2006) used a combination of biophysical factors to regionalize
livelihood strategies of rural families in Honduras. Land use change
models (Munroe et al., 2002) were set up linking panel data on land
cover changes derived from satellite imagery to socio-economic
conditions.

To assess regional trends, specific socio-economic indicators need to
bemade available across larger regions, however data collection is often
restricted to surveys in limited study areas. Regionalization of socio-
economic data tackles these scale related constraints by taking into
account that farms act in their spatial setting which is determined by a
sum of conditions, making up the frame for production (Lentes, 2004,
2006). Many of these factors are physical site conditions, like climate,
soil quality, terrain, slope and water availability throughout the year.
Regionalization makes use of the interplay between economic and
ecological systems, following the assumption that indicators derived
from surveys are similar in other areas with similar physical site
conditions. For example an income indicator for milk production in the
dry season that was assessed in an area with prolonged dry season can
be used to represent income in other areas with similar ecological
constraints. The site conditions, represented by spatial variables, can be
used for regionalization if a dependencywith socio-economic indicators
can be established. Then, socio-economic indicators can be extrapolated
to the coverage area of the spatial variables.

Against this background the objective of this paper is to relate the
effect of dry season length to the income frommilk per cow for farms of
distinct cattle herd sizes andperformance classes and to regionalize these
data. A further objective is to demonstrate how the average income from
milk to be expected in a department can be assessed when agricultural
census data, dry season length and survey results are combined.

The spatial spread of the profitability of dairy production is
mapped and enables regional targeting of forage options considering
specific groups of farms in the regions.

2. Material and Methods

The approaches for regionalization presented in this paper use the
length of the dry season as a spatial and temporal variable. The returns
frommilk during the dry andwet seasonswere assessed on 127 farms to
distinguish socio-economic systems and for the approximation of the
yearly incomedependingondry season length (Lentes et al., 2006, 2007).

2.1. Climate Data Generation and Water Balance

The minimum of meteorological data required for setting up a
water balance model consists of monthly mean temperatures and
mean monthly rainfall (Schöninger and Dietrich, 2003).

Available climate datasets (Mitchell and Jones, 2005; CGIAR-CSI,
2006) are designed for continental scale analyses andare thus too coarse
for the requirements of this study. Although the Ministry of Natural
Resources and the Environment of Honduras SERNA (2005) published a
map of annual rainfall for Honduras, itwas not available in a processable
form and further data gaps on monthly mean temperatures had to be
filled. This was achieved by combining three data sources, which are:

1. Climate station data provided from SERNA (2007a,b) and the
national meteorological institute (SMN, 2007).
Please cite this article as: Lentes, P., et al., Regionalization of climati
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2. Digital elevation data accessible from CSI-CGIAR SRTM.
3. Climate data generated for 412 points with databank included in

the software MarkSim.

MarkSim is a computer tool that generates simulated weather data
for crop modeling and risk assessment for the tropics. “MarkSim
works from a set of interpolated climate surfaces to fit a Markov
model to the estimated climate data. It uses a third order model with a
special stochastic resampling of the model parameters to realistically
simulate the rainfall and temperature variances for almost anywhere
in the tropics.” (Jones, 2001). For a good estimation, MarkSim requires
the coordinates of the point and its respective elevation information.

Elevation information was obtained from a digital elevation model
(DEM), (CGIAR-CSI, 2004). This DEM has a resolution of approxi-
mately 90 m and the inherent error of the elevation information is
specified not to exceed 16 m.

To provide simulated weather data for Honduras, a set of 383
points, which corresponds to the resolution of MarkSim's climate grid
surface was generated, using GIS. To represent the area around these
points, the mean elevation inside an 8

^
200 m buffer was calculated

from the DEM. For areas with steep gradients of rainfall and
temperature, 29 additional points were selected and fed to the
climate model. The output of MarkSim was made accessible for
calculations with spreadsheet software by means of a small
application.

The model results were compared to data, which was available
from the meteorological stations of SERNA (2007a,b) and SMN
(2007), using their locations and altitudes as model input. For mean
monthly rainfall this was done for 17 stations. Measured mean
monthly temperature data are scarce. Only six stations measure
temperature but linear correlations betweenmeasured and simulated
temperatures are highly significant and were used to correct the
model output.

The dataset of mean monthly temperature and rainfall for 430
points contains:

• 412 input points for MarkSim (383 regularly spaced and 29
additional), with mean monthly rainfall and corrected mean
monthly temperatures.

• 7 points frommeteorological stations withmeasuredmeanmonthly
temperature and mean monthly rainfall.

• 11 points from stations with measured mean monthly rainfall and
MarkSim generated and corrected temperature data.

2.2. Dry Season Length Approximation

The length of the dry season is the period in which evapotrans-
piration (Et) exceeds precipitation i.e. the period in which the amount
of available water is not sufficient for the growth of vegetation. To
enable the dry season assessment for livestock holders pastures were
selected as reference plants for dry season assessment. For compre-
hensive descriptions of methodologies to estimate evapotranspiration
and definitions for the water balance, see Allen et al. (1998), or
Schöninger and Dietrich (2003).

The empirical method of Thornthwaite (1948, cited in Schöninger
and Dietrich 2003) was applied for the countrywide Et assessment,
creating calculation routines in Excel and applying them to each
location for which the climate data was generated. The Thornthwaite
method copes with the minimum data requirements, relying on
empirical relations between reference evapotranspiration and air
temperature, based on measurements from various climate zones
(Schöninger and Dietrich, 2003). Other methods for evapotranspira-
tion calculations, like the FAO Penman-Monteith (Allen et al, 1998)
require data of meteorological elements not available for many
development countries (Pereira and Pruitt 2004). It is known that the
Thornthwaite method tends to underestimate Et0 under arid
c factors and income indicators for milk production in Honduras,
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Table 1 t1:1

Herd size definition, according to the number of cattle per farm.
t1:2
t1:3Herd size category Number of cattle per farm

t1:4Very small 1–9
t1:5Small 10–19
t1:6Medium 20–49
t1:7Large 50–99
t1:8Extra large N100
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conditions (Pelton et al., 1960; Stanhill, 1961) and that it over-
estimates Et0 under the equatorial humid climate of the Amazon
region (Camargo et al., 1999). Those studies mainly focused on daily
Et0 estimation. Since only monthly averages were used for the
regionalization, the inaccuracy of the method was tolerated.

Et0 = 16c
10Ti
I

� �a

ð1Þ

I = ∑
N

i=1
ðTi =5Þ1:514 ð2Þ

a = 6:7⁎10�7I3 � 7:71⁎10�5I2 + 1:79⁎10�2 + 0:49 ð3Þ

c = ðd = 30Þ⁎ðh= 12Þ ð4Þ

Where:

Et0 reference evapotranspiration mm per month
Ti mean surface air temperature in month i (°C)
I heat index defined in Eq. (2)
a in Eq. (1) is a function of the heat index (I)
c correction factor for month length and daylight duration

Eq. (4)
d length of month in days
h hours of daylight at the 15th of the month.

To obtain crop specific evapotranspiration (5) (Etcrop), Et0 was
corrected using a crop specific correction factor (Kc). For the scope of
this study the Kc for rotated grazing land higher than 15 cm, as
provided by (Allen et al., 1998) was used.

Etcrop = Et0⁎Kc ð5Þ

Water surplus (6) is the difference between rainfall and evapo-
transpiration of the respective land cover. Whenever water surplus
was negative, the month was defined as dry.

Water surplus = Rainfall� Etcrop ð6Þ

Formulae (1)–(6) were applied to the mean monthly rainfall and
temperature data of the 430 sample points that cover Honduras.
Kriging interpolation was used to fill the information gaps between
points for which climate data were generated. Thus it was possible to
create climate and dry season length surfaces from the sample points.

Kriging interpolation is a linear estimation procedure introduced
by Matheron (1963). In Kriging the value of the variable at the
location of estimation is calculated from the weighted mean of the
surrounding sample points. The weights of the sampled points are
calculated to perform optimally to reach the smallest variance in the
estimation error. For the interpolation, the Kriging plug-in of Boeringa
(2000) for ArcView GIS was used. The grids were calculated
considering the variance of the 12 neighboring sample points and
their distances to the point of estimation. A linear trend in the sample
data was assumed for the model.

2.3. Sampling and Calculation of Socio-Economic Indicators

The data used for this paper were collected by means of a
comprehensive socio-economic questionnaire, which covered all
parts of the farming system (e.g. family members, education levels,
employment, land use inventory, perennial and annual crops,
pastures, cut-and-carry forages, forage cultivation, forage conserva-
tion, beef production, milk production, poultry and off-farm work).
This enabled to take into account the diverse structures of farms and
the different feeding strategies.
Please cite this article as: Lentes, P., et al., Regionalization of climati
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The total number of cattle farms in Honduras is reported to be
86,829. Their main focus of production lay in beef (5.8%), milk (44.2%),
beef and milk (33.5%) and others (16.5%) (INE, 2001). The sampling
plan applied for the collection of micro level farm data covered two
study areas in representative zones in the departments of Olancho
and Yoro. These study areas were selected after consultation of local
experts to be typical in terms of herd composition andmanagement in
parts of Honduras with prolonged dry seasons. The income indicators
used for regionalization were assessed in 2005 and 2006 from the two
sub-samples A and B.

In sub sample A the economic conditions of the typical livestock
holderwere assessed for randomly selected farms. The sample covers
69 farms in Olancho and 28 in Yoro.

For sub-sample B, 30 farms, referred to in the text as positive
deviances were selected using expert knowledge provided by local
extension staff. In this study, the term positive deviance does not
exclusively mean “success story”, as it is used by Biggs (2008). On these
farms adoption of diverse forage options is more obvious than on the
typical farms fromsampleA.However, the advanced use of forage options
did not necessarily mean that the farms took full advantage of the
technologies adopted and that this would translate into higher income.

Forage technology adoption is seen as a necessary entry point for
cattle farms to improve resource use efficiency but not as the sole
technology necessary to reach an integrated development of the
farms. Extra large farms (N100 cattle head) were not accepted as
positive deviances, because the availability of financial resources was
not comparable to the typical Honduran farm.

The emphasis of this paper lies on the dairy enterprise, yet other
parts of the farming system (beef and crops) were also considered in
order to characterize the systems and to highlight the importance of
milk production.

To obtain the net income of a production system, all production
costs were deduced from the gross income. Production costs include
all purchased inputs and farm inputs, costs for renting machinery,
services and the opportunity cost of family labor. This means that the
income for each personworking on the farm is valuedwith equivalent
wages like the wages paid for hired labor.

The indicators net income per cow from milk for the dry and for
the wet season was chosen to measure the performance of the dairy
enterprise in both seasons. Another indicator, the production cost per
liter of milk in both seasons was used to underline the cost of milk
production in the groups.

Classifications according to cattle herd size and performance serve
to make farms comparable throughout systems and sizes. Farms from
sample A were classified, compared to each other and to farms of
sample B.
2.4. Classification Procedure

Two classificationmethodswere applied to farms of sub-sample A:
herd size and performance in dry season milk production.

Table 1 shows 5 herd size classes based on a modification of the
classes used by SECPLAN (1994) and a class of positive deviances,
(sub-sample B) which contains farms of various herd sizes.
c factors and income indicators for milk production in Honduras,

http://dx.doi.org/10.1016/j.ecolecon.2009.09.001
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Performance in dry season milk production was based on the dry
season net income frommilk per cow per month. Performance classes
were defined as follows.

• Very low performers (31 farmers): Cost of milk production
exceeded the revenue.

• Low performers (17 farmers): Positive observations below the
median.

• Medium performers (29 farmers): Observations between the 50 and
80% percentile.

• Top performers (20 farmers): Observations above the 80%
percentile.

The positive deviances (30 farmers of sub-sample B) were
considered separately.

2.5. Regionalization of Indicators

For the regionalization of income from milk production, the
seasonality of the net income plays a crucial role.

For the performance and herd size groups, the indicator net
income from milk per cow per year is the sum of the dry and wet
season income per cow. Where dry and wet season income were
calculated by multiplying the corresponding average income figures
with the number of months in each season.

The regionalization of the average net income per cow per year in
the departments of Honduras used the last complete agricultural
census (SECPLAN, 1994) to determine the share of each herd size class
in the each department. The spatial units of this publication are the
departments. Five years later, INE (2001) published agricultural
statistics for 7 representative regions covering Honduras. This
publication has the disadvantage that the spatial resolution is more
coarse, compared to the 1994 census.

The 1994 Census data were collected before hurricane Mitch. In the
year after the disaster, cattle population had declined to 82.5% of the
1994 population. Annual growth rates are reported to be 2.5% for the
postMitch years between 1999 and 2001. Supposing that from 2001 on
till 2005, the year of the socio-economic survey undertaken for this
study, growth rates have been similar, the livestock population would
have reached the pre Mitch level again by 2005. If we further suppose
that this growthhas not lead to a drastic shift in herd size composition of
farms, the inaccuracy of the data from 1993 can be tolerated. Although
there is uncertainty about this development, the 1993 data are still the
best available information on herd size composition in the departments
of Honduras. To make the analysis more reliable two factors were
considered: a) Instead of using the numbers of cattle reported in the
statistics, only the numbers reported for farms in herd size classes were
used. b) The seven herd size classes of SECPLAN and INE were
aggregated to 5 classes. This was done by merging classes for very
small farms (1–4 and 5–9 cattle) to the class 1–9 cattle and by merging
the classes for the very large farms (100–499 and N500 cattle) to N100
cattle. Together with the result of the productivity assessment from the
farming systems survey, census data were used to extrapolate the
income situation of the dry and wet season from the survey population
to the population of the department.

The department wide average net income/cow/month was
calculated as follows:

Ydry = ∑
N=4

i=1

Fi
Ftot

*Iidry ð7Þ

Ywet = ∑
N=4

i=1

Fi
Ftot

* Iiwet ð8Þ

where:

Ydry Region wide average income/cow/month in the dry season
Please cite this article as: Lentes, P., et al., Regionalization of climati
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Ywet Region wide average income/cow/month in the wet season
Fi Number of farms in farm size class i
Ftot Total number of farms
Iidry Net income/cow/month of dry season for farm size class i
Iiwet Net income/cow/month of wet season for farm size class i.

Formulae (7) and (8) yield the average income values for the dry
and wet season for each data point (Grid cell). These depend on the
proportion of each herd size class in the department's cattle farmer
population. The region wide average income per month of dry season
was calculated for each department by creating two grid themes: a) the
respective value forYdry for each department andb) the respective value
for Ywet for each department. These two grid themes were processed
with the grid obtained for dry season length to calculate the average
yearly income from milk per cow as described for the herd size and
performance classifications.

3. Results

Results are presented in three sections: a) The assessment of the
dry season length, b) the classification of sampled farms according to
farm size and the performance indicator and c) results of the three
regionalization approaches.

3.1. Dry Season Length

Temperature and rainfall data of stations were compared to the
corresponding result for their locations as generated with MarkSim. A
set of linear regression models, one for each month, was created with
SPSS to correct the MarkSim data with station data. These regressions
on temperature yielded high explanatory qualities in terms of R-
square, since altitude is of major importance when explaining
temperatures. On what concerns the rainfall data, the differences
between the model results and the measured rainfall are on average
small and tolerable.

Fig. 1 shows the annual rainfall distribution for mainland Honduras
as modeled with MarkSim, interpolated and mapped with GIS.

While the north and especially the northwest receive most rain,
the central departments of Honduras are marked by annual rainfall
sums between 1400 and 1000 mm. Moisture islands inside the
territory consist of mountain areas shared between Comayagua and
Santa Barbara, where higher elevations yield more rain and the area
around Lake Yohoa. In the slipstream areas behind the coast parallel
mountain ranges of the North, there is an abrupt drop of annual
rainfall sums. A distinct moisture gradient is to observe in Olancho
from the southwest to the northeast and further throughout the
departments of Gracias a Dios and Colon to the Caribbean coast, where
annual mean temperatures are also higher than inside the country
(Fig. 2). Although favored by high rainfall sums, much of this area is a
protected biosphere reserve and in most of the unprotected part
access is highly limited. In some areas on the Caribbean coast rainfall
sums map turned out not precise, according to field experience. These
estimation errors can be attributed to an edge effect of the
interpolation. Such estimation errors occur along the geographic
margins of the input datasets, e.g. when gradients between the last
measurement points on are steep. Although the edge effect would not
have affected the results greatly, dry season length was adjusted to
surrounding areas using field experience of local experts.

The dry season lengths (Fig. 3 and Table 2) were calculated from
the difference between evapotranspiration, as assessed with method
of Thornthwaite (1948) and the annual rainfall.

Dry seasons shorter than 3 months cover about 15% of the land and
are characteristic for the northern part of the country near the coast,
where elevations are below 200 m (Fig. 3). Short dry seasons inside
the country are characteristic for mountain areas e.g. those shared
c factors and income indicators for milk production in Honduras,
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C
between Comayagua and Santa Barbara, where higher elevations yield
more rain and the area around Lake Yohoa.

In the slipstream areas behind the coast parallel mountain ranges,
there is an abrupt drop of annual rainfall sums and an increase of dry
season length.

About 80% of Honduras was mapped with dry seasons lengths
between 3 and 7 months. In the central departments of Yoro,
Francisco Morazan, Comayagua El Paraiso and in most of Olancho,
as well as in the eastern departments Ocotepeque, Lempira and La Paz
dry a dry season length of 4 to 7 months is most characteristic. Where
the dry season is shorter, cooler temperatures and increasing rainfall
are due to higher elevations.

About 4% of Honduras was mapped with dry seasons longer than
7 months. The driest areas are found in intra mountain valleys, e.g. in
the South of El Paraiso, bordering Choluteca, or in rain shadow-
influenced environments, such as in the South east of Olancho.
Although the South of Honduras shows higher annual rainfall than e.g.
UN
CO

RR
E

Fig. 2. Annual mean

Please cite this article as: Lentes, P., et al., Regionalization of climati
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PRthe central departments, it has longer dry seasons, because rainfall is

concentrated on short periods of the year, in which heavy rainfall
events occur. This region also has higher temperatures than the
central departments (Fig. 2).

The climate model seems to overestimate dry season length in the
driest parts and it seems to under estimate dry season length in the
wettest parts of the country. However, these over- and undershoots
could not be confirmed by data measured on meteorological stations
and cover a comparatively small area.

From the calculation of dry season length, it can also be assessed in
which months and where consecutive dry months occur. This showed
that the start of the dry season is spatially more variable than the end
of the dry periods. The areas, where the dry season starts first (in
November) are located in the south along a strip oriented from south
east on the border to Nicaragua to the west of the country on the
border to El Salvador and Guatemala. In the central parts of the
country dry season starts between December and January. Where dry
temperatures.

c factors and income indicators for milk production in Honduras,
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season is short water balance turns negative from February andMarch
on. In most of the country May and June are the first wet months.
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3.2. Milk Production for Herd Size Classes

Within each herd size class, there was a wide range of
management and general production conditions, like the character-
istics of the land, the genetic potential of the cows, the availability of
improved forages and the knowledge available on the farm to manage
the farm efficiently under the specific circumstances. These differ-
ences made it difficult to characterize herd size groups with an
indicator, because the indicators always included the range of
production conditions of the group. Consequently, indicators on
herd size are subject to comparatively high variation within groups
(Table 3). This was observed clearly on farms with less than 20
animals. Variability was smaller on farms with more than 20 cattle.
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Table 2
Areas and percentage of dry season length classification for Honduras.

Dry season length in months Area in Square kilometers Percent of the area

0 to 1 17 0.02
1 to 2 2244 2.00
2 to 3 15189 13.55
3 to 4 24527 21.87
4 to 5 26968 24.05
5 to 6 26836 23.93
6 to 7 11772 10.50
7 to 8 2866 2.56
8 to 9 980 0.87
9 to 10 700 0.62
10 and more 35 0.03

Please cite this article as: Lentes, P., et al., Regionalization of climati
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TEFor more detailed presentation of results from on the farming systems
see Lentes et al. (2006).

Very small and greater herd sizes differedmost in the income/cow/
month (Pb0.01). This was especially striking in the dry season. The
farmswith few cattle generated the lowestmonthly income frommilk
per cow in both seasons. On very small farms, feedwas not available in
sufficient quantity and quality and milk production dropped sharply.
On some farms, commercial concentrates were used to maintain the
cows. Milk production of very small farms was not profitable in the
dry season. Only in the wet season farms with 1 to 9 cattle generated
positive income from milk but this did not compensate the losses
experienced in the dry season.

Small farms generated little income from milk in the dry season
but did not loose on average. In the wet season, small farms generated
about half the income of the other farm size classes but only slightly
more than one third of what positive deviances gained.

The seasonality of income was relevant for all farm sizes (Table 3).
Net income from milk per cow on farms with more than 20 cattle
dropped between 44% and 53% in the dry season. Dry season incomes
per cow were about half the ones in the wet season.

Compared to farms from very small to large, positive deviances
showed a high income from milk per cow in both seasons (highest P-
value 0.053). Their dry season income was comparable to the wet
season income of the farm size classes from 50 cattle upwards. The
income of positive deviances dropped by 23% in the dry season.

The productivity of the milk production systems of very small
farms was the lowest. They earned more from beef than from milk.
Small farms managed to reach a continuous cash flow from their milk
production, which exceeded beef production. Yearly income from
milk of medium size farms was about 3.9 times higher than income
from beef. Among large farms (ranching systems) there were cases
that earned much more from beef than from milk. Extra large farms
c factors and income indicators for milk production in Honduras,
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Table 3t3:1

Income parameters for milk and beef production in herd size classes, Olancho and Yoro in $.
t3:2
t3:3 Very small Small Medium Large Extra large Positive

deviances
t3:4 1 to 9 10 to 19 20 to 49 50 to 99 N100

t3:5 n=16 n=22 n=34 n=16 n=9 n=30

t3:6 A B C D E F

t3:7 Dry season: net income from
milk/cow/month

Mean −7.80 3.14 10.12 11.25 11.95 22.83
t3:8 Std. Dev. 13.95 20.70 18.60 10.10 7.70 20.62
t3:9 Sig. C**, D***, E***, F*** F**
t3:10 Wet season: net income from

milk/cow/month
Mean 3.47 10.86 21.68 20.95 21.60 29.91

t3:11 Std. Dev. 18.55 21.19 16.01 9.94 7.06 15.82
t3:12 Sig. C**, D**, E**, F*** C*, D*, F*** F*
t3:13 Net income from milk/farm/year Mean −2.51 528.42 1793.70 3324.82 10134.08 5886.40
t3:14 Std. Dev. 457.41 942.48 1649.00 2683.39 5101.11 4967.22
t3:15 Sig. C***, D***, E ***,F*** C**, D***,

E***, F ***
D* , E***, F *** E**, F* F*

t3:16 Net income from beef/farm/year Mean 87.72 300.63 460.61 5240.96 10375.74 1982.17
t3:17 Std. Dev. 136.54 887.60 769.18 11445.17 7733.00 4017.93
t3:18 Sig. D*, E***, F** E***, F** E***, F** E** F***

Note: Significance between groups is indicated by letters followed by *
^
Pb0.05, **

^
Pb0.01, ***

^
Pb0.001.t3:19
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were in equilibrium between the two products, while positive
deviances had a clear focus on milk.
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C
3.3. Milk Production for Performance Classes

To characterize farms four performance classes were built, using
the indicator net income per cow per month of dry season. Groups
differed in the net income

^
/cow/month of dry season (Pb0.01). The

socio-economic and production conditions of performance classes are
presented in Table 4.

All farms that experienced losses in the dry season were joined to
the class of the very low performers. Even in the wet season, very low
performers did only marginally recuperate their expenses. Wet
season production cost/liter of milk was very high, compared to the
other performance groups (Pb0.001). Milk production of very low
performers was low because few cows of low genetic potential were
milked and cost efficient feed was not available in the dry season. The
low volumes resulted in an under exploitation of family labor force:
Farmers on many very small farms earned less than a worker's salary.
While some low performers had negative yearly incomes but were
close to the breakeven cost, others lost more.

Dry season production costs of milk declined, as the performance
level improved. So did the variability of production costs. Those farms at
the bottom of the performance scale lacked of cost efficient farm feed
and needed higher milk production volumes to produce efficiently.

Farm size distribution in the performance classes differed signifi-
cantly (Pb0.005). Small farms had nearly the samepresence in very low
and medium performers categories (Table 5). A few small farms
performed low (12.7%) and some more performed top (20%). As much
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Table 4
Distribution of herd size classes in performance categories.

Lowest Low Medium Top

% % % %

Very small 38.71 17.65 3.45
Small 25.81 11.76 27.59 20.00
Medium 25.81 29.41 31.03 60.00
Large 6.45 23.53 24.14 15.00
Extra large 3.23 17.65 13.79 5.00
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Oas60%of the topperformersweremediumsize farms,while thenumber
of farms from small to large similar in the medium performer's group.

Low and medium performers generated nearly the same net
income/cow during the months of the wet season. Low performers
showed deficiencies in dry season herd management such as
inadequate provision of feed and exaggerated use of purchased
supplements (Lentes et al., 2007). In forage technology adoption,
medium performers were ahead of low performers. Medium
performers used more low-cost farm feed and were better prepared
for the dry season with conserved forage.

Positive deviances lay between medium and top performers in the
income but had comparatively high production costs per liter in both
seasons. The inclusion of positive deviances in the analysis does not
necessarily demonstrate what can be achieved with an appropriate
use of forage technology. The analysis rather showed that an
integrated change of the livestock production system is not yet fully
implemented on these farms. More factors than the availability of
forages have influence on the economic success of dairy production
e.g. the genetic quality of the milking cows (Lentes et al., 2007).

3.4. Countrywide Income Regionalization

The spatial variables used for regionalization were the length of
the dry and wet seasons. For the regionalization of the income
indicators, income values for the categories derived from the socio-
economic sample were used to create income grid surfaces with GIS.
Socio-economic data were collected from areas where the dry season
plays an important role and included a wide range of herd
management practices. The income surfaces approximate what the
income would be if herd composition and management would not
differ substantially between those areas and the rest of the country.

3.4.1. Countrywide Income Assessment for Herd Size Classes
The yearly income from milk per dairy cow was mapped for five

farm size classes and the category of positive deviances. Table 3
presents the income characteristics of the dairy enterprise for these
farm categories.

Table 5 shows the yearly income per cow in relation to dry season
length. Very small farms up to 9 cattle head were usually resource
poor farms, which did not put much emphasis on dry season milk
production. The model designates only areas with dry seasons shorter
than 3 months as zones, in which very small livestock herd owners
could make profit form milk production (Fig. 4). These areas are
c factors and income indicators for milk production in Honduras,

Original_text: < &lt&semicolon;ce:bold&gt&semicolon;/&lt&semicolon;/ce:bold&gt&semicolon;>
Original_text: < &lt&semicolon;ce:bold&gt&semicolon;/&lt&semicolon;/ce:bold&gt&semicolon;>
Original_text: < &lt&semicolon;ce:bold&gt&semicolon;/&lt&semicolon;/ce:bold&gt&semicolon;>
Original_text: < &lt&semicolon;ce:bold&gt&semicolon;/&lt&semicolon;/ce:bold&gt&semicolon;>
http://www.ciat/cgiar.org/forrajes/pdf/report_2006/output_4.pdf
http://www.ciat/cgiar.org/forrajes/pdf/report_2006/output_4.pdf
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
http://dx.doi.org/10.1016/j.ecolecon.2009.09.001


UN
CO

RR
EC

TE
D
PR

OO
F

Table 5t5:1

Income parameters and costs for milk production in performance groups, Olancho and Yoro in $.
t5:2
t5:3 Very low Low Medium Top Positive deviances

t5:4 n=31 n=17 n=29 n=20 n=30

t5:5 A B C D E

t5:6 Dry season: net income/cow/month Mean −15.31 5.54 14.29 27.08 22.83
t5:7 Std. Dev. 11.57 3.41 2.51 5.41 20.62
t5:8 Sig. B***, C***, D***, E*** C***, D***, E** D***
t5:9 Wet season: net income/cow/month Mean 0.95 19.59 18.57 33.01 29.91
t5:10 Std. Dev. 16.22 10.26 9.61 15.24 15.82
t5:11 Sig. B***, C***, D***, E*** D**, E* D**, E**
t5:12 Dry season: milk production cost/liter Mean 0.53 0.19 0.13 0.09 0.18
t5:13 Std. Dev. 0.34 0.07 0.05 0.05 0.06
t5:14 Sig. B***, C***, D***, E*** C**, D*** D*, E** E***
t5:15 Wet season: milk production cost/liter Mean 0.22 0.07 0.07 0.03 0.10
t5:16 Std. Dev. 0.16 0.06 0.05 0.02 0.05
t5:17 Sig. B***, C***, D***, E*** D*, E* D**, E** E***
t5:18 Net income from milk/farm/year Mean −89.39 3699.43 3273.46 3096.26 5886.40
t5:19 Std. Dev. 545.69 3961.11 4646.34 1531.33 4967.22
t5:20 Sig. B***, C***, D***, E** E* D*, E** E*

Note: Significance between groups is indicated by letters followed by *
^
Pb0.05, **

^
Pb0.01, ***

^
Pb0.001.t5:21

Fig. 4. Yearly income per dairy cow according to dry season length for herd size classes and positive deviances.

8 P. Lentes et al. / Ecological Economics xxx (2009) xxx–xxx

ARTICLE IN PRESS

Please cite this article as: Lentes, P., et al., Regionalization of climatic factors and income indicators for milk production in Honduras,
Ecological Economics (2009), doi:10.1016/j.ecolecon.2009.09.001

Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
Original_text: < >
http://dx.doi.org/10.1016/j.ecolecon.2009.09.001


582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

t6:1

t6:2
t6:3

t6:4

t6:5

t6:6

t6:7

t6:8

t6:9

t6:10

t6:11

t6:12

t6:13

t6:14

t6:15

t6:16

t6:17

t6:18

t6:19

t6:20

t6:21

t6:22

t6:23

t6:24

t6:25

t6:26

t6:27

t6:28

t6:29

t6:30

t6:31

t6:32

t6:33

t6:34

t6:35

t6:36

t6:37

9P. Lentes et al. / Ecological Economics xxx (2009) xxx–xxx

ARTICLE IN PRESS
mainly located in the Northern part of the country and in a few
mountain areas inside the country. For the drier parts of Honduras, the
model estimated losses in milk production for the whole year. Model
results of very small farms for all observed dry season lengths differed
significantly (Pb0.01) to the figures for farms with more than 20
heads and positive deviances.

The owners of small herds of 10–19 animals could produce milk
profitably in all regions of Honduras (Table 6). Corresponding to dry
season lengths small cattle farms earned between 53.13 and 122.61$/
year per cow in milk. Small farms had a lower yearly income from
milk/cow thanmedium farmswhere dry seasonwas between one and
six months long (Pb0.05). This difference was also observed between
small and large farms but only in areas with dry seasons shorter than
4 months (Pb0.05). Small, medium and large farms differed (Pb0.05)
when dry season was between one and four months. The income
difference between small farms and positive deviances was significant
for all observed dry season lengths (Pb0.01).

On those farms with more than 20 cattle, income between the
driest and wettest areas varies between 144 and 249$. As in the
survey results (Table 3) the model did not state dramatic income
differences for those groups with more than 20 cattle. Large and
medium size farms differed significantly (Pb0.05) from positive
deviances in most of the observed dry season lengths.

Income depressions in the dry season are great on very small and
small farms. It is apparent, that a better dry season herd management
would help farms to generate more income per cow. Very small farms
would need to improve their dry season feed base and increase the
number of milking cows to be able to work profitably in areas with
more than 3 months of dry season. When compared to the average
Honduran farmer of different herd sizes below 100, positive deviances
yield the highest incomes per cow per year in the whole country.
UN
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EC

Table 6
Income from milk/cow/year of herd size classes for observed dry season lengths.

Very small Small

1 to 9 10 to 19

n=16 n=22

A B

1 dry month 30.35 122.61
213.78 249.60
C**, D**, E**, F*** C*, D*, F***

2 dry months 19.08 114.89
205.51 245.66
C**, D**, E**, F*** C*, D*, F***

3 dry months 7.82 107.17
197.84 242.43
C**, D***, E**, F*** C*, D*, F***

4 dry months −3.45 99.45
190.83 239.96
C**, D***, E***, F*** C*, D*, F***

5 dry months −14.71 91.73
184.57 238.25
C**, D***, E***, F*** C*, F***

6 dry months −25.98 84.01
179.13 237.33
C**, D***, E***, F*** C*, F**

7 dry months −37.24 76.29
174.58 237.21
C***, D***, E***, F*** F**

8 dry months −48.51 68.57
171.01 237.89
C***, D***, E***, F*** F**

9 dry months −59.77 60.85
168.47 239.36
C**, D***, E***, F*** F**

10 dry months −71.04 53.13
167.01 241.61
C**, D***, E***, F*** F**

Note: Significance between groups is indicated by letters followed by *
^
Pb0.05, **

^
Pb0.01, **
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3.4.2. Countrywide Income Regionalization for Performance Classes
In the countrywide maps (Fig. 5) on the income

^
/cow/year for

performance classes, income is a function of dry season length and the
dry and wet season incomes for each performance class (Table 7). The
degree to which yearly income depends on the dry season length
differs between the performance groups and is determined by the
difference in incomes between the dry and the wet season.

The maps show, that there is only a small area mapped in
Honduras, where very low performers are predicted to recuperate
costs of milk production. Taking into account that the dry season
length estimation could not validated through measurements for the
wettest and driest parts of the country, the minimum and maximum
values from the grid statistics should only be seen as approximations.
However wettest and driest areas cover comparatively small areas.

Although the income of low performers traces the spatial pattern
of dry season length in Honduras, their income is always positive and
lower than the incomes of top performers and positive deviances
(Pb0.01). The maps (Fig. 5) and Table 7 show that the income range
between areas with short and long dry season is the highest in the
very low and low performers categories. Low andmedium performers
differed in areas with more than six dry months (Pb0.05).

Medium and top performerswere considerably less affected by dry
season length. These groups generated comparatively high incomes in
all areas of Honduras. Under all climatic conditions, the income of
medium performers was lower than of top performers (Pb0.001). Top
performers and positive deviances had similar incomes under all
climatic conditions. Top performers showed differences to the other
performance groups in all climate scenarios (Pb0.05). The differences
between positive deviances and medium performers lost strength for
dry seasons of eight (P=0.052), nine (P=0.069) and ten months
(Pb0.081).
TE
D

Medium Large Extra large N Positive
deviances

20 to 49 50 to 99 100

n=34 n=16 n=9 n=30

C D E F

248.63 241.71 249.56 351.83
188.73 114.19 83.14 187.18
F* F*
237.06 232.01 239.91 344.75
186.45 109.86 81.94 186.03
F* F*
225.49 222.30 230.27 337.67
185.30 106.41 81.14 186.39
F* F*
213.93 212.60 220.62 330.58
185.30 103.93 80.77 188.25
F* F*
202.36 202.89 210.97 323.50
186.46 102.48 80.82 191.56
F*
190.79 193.19 201.32 316.42
188.75 102.12 81.31 196.24
F* F*
179.22 183.49 191.68 309.34
192.14 102.85 82.21 202.21
F* F*
167.66 173.78 182.03 302.25
196.56 104.65 83.51 209.35
F*
156.09 164.08 172.38 295.17
201.95 107.46 85.21 217.55
F* F*
144.52 154.37 162.73 288.09
208.24 111.22 87.27 226.70
F*

*
^
Pb0.001.

c factors and income indicators for milk production in Honduras,
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Fig. 5. Yearly income per dairy cow according to dry season length for performance group.
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UN
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RRUsing the average values of income per farm, the regionalization of
income parameters according to climate yields the equations:

Verylowperformers :Y = 11:4� 16:26x ð10Þ

Lowperformers : Y = 235:08� 14:05x ð11Þ

Mediumperformers : Y = 228:84� 4:28x ð12Þ

Topperformers : Y = 396:120� 5:93x ð13Þ

Positivedeviances : Y = 358:909� 7:079x ð14Þ

where:

Y net income
^
/cow/year

x months of dry season.

The income gradients, as shown in Eqs. (10) and (11) of very low
and low performers are considerably steeper than for the other
performance classes. This means, that these two classes are affected
Please cite this article as: Lentes, P., et al., Regionalization of climati
Ecological Economics (2009), doi:10.1016/j.ecolecon.2009.09.001
more seriously by dry season length than the others. This can also be
seen from the income range between the wettest and driest parts of
the country on Fig. 6.

Lowandmediumperformerswouldgeneratenearly the same income
under conditionswithout dry season constraints (Eqs. (11) and (12)). For
eachmonth of dry season, the gradient of lowperformerswas nearly 10$
steeper than the one of the medium performers. Medium performers
incomeper cowdeclined4.28$ for eachmonthof dry season (Eq. (12)). If
therewerenodry season, topperformerswouldhave thehighest income.
In the conditionswithdry season, thedecline of the incomeper dairy cow
per month of dry season was a little steeper than among medium
performers. Positive deviances showed comparatively higher costs
during the dry season than top performers. Their yearly income

^
/cow

declined more rapid/steeply for each month of dry season (Eq. (14)).

3.4.3. Average Income Assessment for Farm Size Class Proportions for
Each Department

According to SECPLAN (1994), the distribution of herd size classes
was uneven throughout the country (Fig. 6). The Western and
Southern departments had a high share of farms with very small herd
sizes of less than 10 cattle. The maximum share of very small herds
c factors and income indicators for milk production in Honduras,
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Table 7t7:1

Income from milk
^
/cow

^
/year of performance classes for observed dry season lengths.

t7:2
t7:3 Lowest Low Medium Top Positive deviances

t7:4 n=31 n=17 n=29 n=20 n=30

t7:5 A B C D E

t7:6 1 dry month Mean −4.84 221.02 218.54 390.24 351.83
t7:7 St. Dev 185.01 113.78 106.03 170.45 187.18
t7:8 Sig B***, C***, D***, E*** D**, E** D***, E**
t7:9 2 dry months Mean −21.10 206.98 214.26 384.31 337.67
t7:10 St. Dev 175.99 104.54 96.86 158.11 186.03
t7:11 Sig B***, C***, D***, E*** D**, E** D***, E**
t7:12 3 dry months Mean −37.35 192.93 209.99 378.37 337.67
t7:13 St. Dev 167.62 95.45 87.79 145.96 186.39
t7:14 Sig B***, C***, D***, E*** D**, E** D***, E**
t7:15 4 dry months Mean −53.61 178.88 205.71 372.44 330.58
t7:16 St. Dev 160.00 86.55 78.84 134.05 188.25
t7:17 Sig B***, C***, D***, E*** D***, E** D***, E**
t7:18 5 dry months Mean −69.87 164.83 201.43 366.51 323.50
t7:19 St. Dev 153.24 77.90 70.05 122.45 191.56
t7:20 Sig B***, C***, D***, E*** D***, E*** D***, E**
t7:21 6 dry months Mean −86.12 150.79 197.16 360.57 316.42
t7:22 St. Dev 147.46 69.61 61.51 111.25 196.24
t7:23 Sig B***, C***, D***, E*** C*, D***, E*** D***, E*
t7:24 7 dry months Mean −102.38 136.74 192.88 354.64 309.34
t7:25 St. Dev 142.78 61.81 53.33 100.59 202.21
t7:26 Sig B***, C***, D***, E*** C**, D***, E*** D***, E*
t7:27 8 dry months Mean −118.64 122.69 188.60 348.70 302.25
t7:28 St. Dev 139.31 54.71 45.70 90.66 209.35
t7:29 Sig B***, C***, D***, E*** C***, D***, E** D***
t7:30 9 dry months Mean −134.89 108.65 184.33 342.77 295.17
t7:31 St. Dev 137.15 48.64 38.94 81.73 217.55
t7:32 Sig B***, C***, D***, E*** C***, D***, E*** D***
t7:33 10 dry months Mean −151.15 94.60 180.05 336.83 288.09
t7:34 St. Dev 136.35 44.00 33.59 74.15 226.70
t7:35 Sig B***, C***, D***, E*** C***, D***, E** D***

Note: Significance between groups is indicated by letters followed by *
^
Pb0.05, **

^
Pb0.01, ***

^
Pb0.001.t7:36
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was found in Intibuca with 81% of the farms. On country average the
majority of cattle farms had very small herds. These were the farms
that were affected most by a prolonged dry season and which were
least developed in forage options.

The average income per cow per department was dependent on
the herd size composition given for each department. As it was shown
in Table 3 and Fig. 4, each herd size class had distinct incomes from
milk for the dry and wet seasons.
UN
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E

Fig. 6. Cattle herd size distributio
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The corresponding average distribution of these classes in each
department and their respective values for the indicator income per
cow in the dry and wet season were used to calculate the average
yearly performance of the dairy enterprises per department. This
regionalization approach was suitable to compare the profitability of
milk production in departments. Based on the presence of cattle herd
sizes, the income per cow of the average farm in this department was
calculated and the dry season length was considered.
n in departments for 1993.

c factors and income indicators for milk production in Honduras,
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As it can be read from Fig. 7, the central part of Honduras showed
incomes between 20 and 40$ in the areas with 4 to 5 months of dry
season, but dropped to 0 to 20$/cow/year in much of the Northern
part of Francisco Morazán. For most of the mountainous areas of e.g.
Olancho and Yoro, which had between 3 and 6 months of dry season,
the model estimations were between 20 to 80$/cow/year. In the
North along the Caribbean or in the east of Olancho, incomes per cow
rose to values between 80 and 120$/cow/year, while in small areas
income may reach up to 130$. Although Gracias a Dios is one of the
areas with most rainfall in Honduras, the income level of livestock
keepers was estimated low, because of a very high share of very small
farms in the population.

4. Discussion and Conclusions

Dry season length was calculated from evapotranspiration gener-
ated with the method of Thornthwaite (1948). The weather
simulation software, MarkSim (Jones, 2001) provided the tempera-
ture and rainfall input data. Temperatures were corrected with station
data. The resolution of the dry season assessment is one month.
Experienced local experts agreed with the final dry season map
produced, although it tends to over and undershoot in extreme
conditions, like in the wettest and driest parts of Honduras, which
cover comparatively small areas (less than 4%

^
of the area).

With the income regionalization maps we localized gradual
changes from low to high income for herd size and performance
classes on country scale. Model results showed clear impacts of the
dry season length on the income per cow per year.

When based on herd size classes, income indicators had the
inevitable disadvantage of comparatively high standard deviations
(Table 3). The standard deviations represent a measure for the
representativeness of mean values (Bamberg and Baur, 2002). It
showed that within each herd size class, there were farms with higher
and lower incomes, as compared to the mean. The reason why the
classification in herd size classes was used despite the high variability
of the indicator was that herd size can be easily assessed in the field
and is easily understood by farmers, extension workers and policy
makers. Income from milk per cow per year of extra large farms was
UN
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EC

Fig. 7. Income distribution derive
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similar to the values for positive deviances under all climatic
conditions. However positive deviances had higher income per cow
than farmswith less than 100 cattle where dry seasonwas up to seven
months long (Pb0.05). These conditions covered 96%

^
of Honduras.

Medium size farms earned more than small farms where dry season
was six months and shorter (85%

^
of Honduras). Small and very small

farms were the most hit by a long dry season.
The classification on performance yielded more representative

mean values and was more precise for regionalization. Performance
indicators are beneficial tools for assisting effective decision making
aimed at improving business performance (Wilson et al., 2005). The
disadvantage of the performance indicator used was that it was not as
quickly accessible in the field when compared to herd size.

Dry season impact on income for low performers was greater than
for medium performers where the dry season length exceeded six
months (Pb0.05), i.e. on 16.5% of the territory of Honduras. Very low,
low and medium performers had lower incomes than top performers
under all observed dry season lengths (Pb0.01). On 96% of the area of
Honduras (up to 7 months of dry season), medium low and very low
performers had lower incomes than positive deviances (Pb0.05).

For the regionalization of average income
^
/cow/year per department,

the paper made use of the available data and demonstrated the
methodology, estimating total livestock population for 2005 from
annual growth rates in the post-Mitch period. Since the agricultural
census data (SECPLAN, 1994)were old it wouldmake sense to apply the
method again once a new census becomes available. When the average
herd size composition of departments was considered, regions with a
high share of small herd sizes showed low incomes per cow.

The regionalization of positive deviances (in Fig. 5) showed the
state of farms that were developing towards more intensive cattle
management and better use of forages. Sharp dry season income
drops (44–53%), as observed on farms with more than 20 cattle could
be avoided with a better use of forage technologies and intensifica-
tion. The even sharper income drops on farms with less than 20 cattle
could be mitigated through adequate low-cost measures that need to
be based on as much as possible farm produced feed. One
recommendation is the subsidized introduction of well-adapted
improved grasses (e.g. B. brizantha cv Toledo) and their conservation.
d for departments for 2005.

c factors and income indicators for milk production in Honduras,
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Another possibility would be the improvement of maize stover with
Lablab purpureus as a legume (Lentes et al., 2007).

Interpreting the maps on the performance classes as stages of
intensification, it can be demonstrated to farmers and policy makers
how much and where in Honduras an upward movement between
performance classes is likely to increase income per cow. Intensification
of production is an important solution for resource-poor farmers (Peters
et al., 2001) and for a self-sufficient milk production in Honduras.

The adoption of new crops and improved technologies is
constrained substantially where the availability of working capital is
limited (Van Keulen, 2007). Financial bottlenecks are important
constraints for adoption of forage technologies and genetic improve-
ments of the herds on small and very small farms. These farms lack of
capital at the end of the dry season and their priority is to secure
subsistence crop production. Without an increase of working capital it
is unlikely that resource poor farms in such a situation invest in
forages of better nutritive value and their conservation during the
rainy season, because their crop production requires the investment.
Without investments or efforts for intensification, these farms will
remain on low-income levels. More off-farm employment would help
alleviate the lack of capital since the additional income could be
invested in more capital-intensive technologies (Van Keulen, 2007).
Such opportunities are rare and usually far from being available to the
rural poor in Honduras. Nevertheless some innovative and motivated
individuals undertook low-cost efforts and improve slowly.

On farms with more than 20 head of cattle, the probability for
changewas higher. These farms are able to accumulate some capital to
reinvest in the farm e.g. in forages, their conservation or in cow breeds
with better genetic potential for milk production.

The resource use efficiency of farms was related to the length of
the dry season and the technological level of the farms. Where the dry
season was very long, farmers with low technological level generated
little to reinvest and were thus cash constrained. A higher level of dry
season adaptation was required to sustain production and income
with increasing dry season length.

The climatic data used for this paper are estimations for long-term
averages derived from the past. It is however known (e.g. from farmers
experience and a few climate stations, where measurements are done)
that precipitation and temperatures and also dry season length is
variable between years. Long-term climate change scenarios for
Honduras show trends of increasing temperatures and decreasing
precipitation (IPCC, 2007). In the decadal climate risk index for 1998–
2007 of Harmeling (2008), Honduras is listed as the most vulnerable
country, followed by Bangladesh and Nicaragua. Taking these factors
into account, themaps produced in this paper can also be interpreted as
vulnerability maps for climate change and natural disasters. Those
farmers that are already seriously affected under average dry season
conditions are more vulnerable to climate change and natural disasters.
Those farmers that aremore efficient under average climatic conditions
are more resilient to the effects of natural disasters and climate change.
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