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ABSTRACT

The performance of four global models, together with two scenarios of climate change, was evaluated in five
municipalities of the State of Alagoas, for precipitation, minimum and maximum temperature. The input data of the
model were obtained through the conventional meteorological stations of the National Institute of Meteorology
(INMET), arranged between 1961 and 2016. Estimation of corn yield was obtained through the theoretical model which
relates losses in productivity and water deficiency during the phenological phases of the crop. A post-processing
tfechnique of global climate model outputs (statistical downscaling) was used, thus, a better visualization in fime and
space. The precipitation and temperature series were used for the period 2021-2080 estimating the yield losses of
maize, comparing to the historical average values of the period 1961-2016, evaluating the impacts of possible climatic
changes on crop yield. The scenarios have valuesof losses very close to and indicate a prediction of increased
productivity loss in the period 2021-2080 for Agua Branca, P&o de AcUcar and Palmeira dos indios, and decrease of
losses, that is, increase of productivity, for Maceié and Mainly Porto de Pedras. This result is directly associated to the
predictions of rainfall reduction in the interior of the State, encompassing the cities of Agua Branca, P&o de AcUcar
and Palmeira dos indios, a slight increase in precipitation for Maceié and a more significant increase in precipitation
in Porto de Pedras.
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Intfroduction increase in PET associated with the already known
high spatial-temporal variability of the precipitation,
can further damage the agricultural activities,
especially those of in unirrigated areas.

This research will focus on five municipalities in
the State of Alagoas: Agua Branca, P&o de Acucar,
Palmeira dos indios, Maceié and Porto de Pedras.
The first specific objective will be the application of
an agrometeorological model duly calibrated to
the soil and climatic conditions of the region,
proposed by Doorenbos and Kassam (1979), to
quantify the average vyield loss for maize in the
period 1961-2016.

The second specific objective will be to analyze
precipitation and temperature forecasts for
municipalities from two future climate change
scenarios, using statistical downscaling techniques
for predictions of four GCMs, for the period 2021-
2080.

According to the specific objectives, the main
objective of this work will be to investigate the
variability of losses in maize production from

Subsistence agriculture is still practiced on a
large scale in all states of the Northeast, especially
in the small cities of the semi-arid interior. Low or no
technology makes this  activity extremely
susceptible to climatic adversities such as drought
(ALVES; REPELLI, 1993). The most recent surveys
involving observed climate change (HAYLOCH et
al., 2006; SOLMAN et al., 2008; SKANSI et al., 2013)
and projected under various scenarios of future
emissions from Global Climate Models (GCMs)
(CHOU et al., 2014; FRANCHITO et al., 2014), shows
growing concern about the consequences of
climate change in relation to the loss in yield of
subsistence crops grown in the Northeast region.
These studies show that there is a predominantly
positive trend in the increasing temperatures,
directly causing an increase in Pofential
Evapotranspiration (PET). In the Northeast, which has
most of its area inserted in the semi-arid climate, the
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precipitation forecasts and PET for future climate
change scenarios, from the average of the models
(ensemble), verifying which cities and mesoregions
of the state will experience, according to the
climatic conditions, favorability or not to the loss of
productivity.

Material and Methods

Meteorological data

The daily meteorological data used in the survey
were provided by the INMET, period between 1961
and 2016. The stations of Agua Branca and P&o de
AcuUcar are located in the hinterland of Alagoas,
Palmeira dos indios, in the harsh Alagoas, Maceid
and Porfo de Pedras, in the east of Alagoas. The
metadata of the stations are in Table 1.

Table 1. Code, name, latitude, longitude and
alfitude of the five INMET meteorological stations in

methodology is fested and compared with the
observed productivities in order to verify its
accuracy and precision before being applied to
future climate change scenarios.

As future scenarios are generated only for
precipitation and maximum and minimum
temperatures, the calculated PET for 2021-2080 used
the methodology proposed by Hargreaves and
Samani (1985), which only requires temperature
data and solar radiation (Equation 3). In this case,
the incident solar radiation is given by: Rs
RO*KT*(Tmax-Tmin)0.5, where RO is the extraterrestrial
atmospheric solar radiation tabulated for bands of
latitudes of the northern and southern hemispheres
(ALLEN et al., 1998), KT is an empirical coefficient
calculated from atmospheric pressure data with
values given by Samani (2000) of 0.162 for regions
within the continents and 0.19 for coastal regions,
Tmax and Tmin are the maximum and minimum
daily temperatures.

RETc
PETc

vd= (1-25) s ky + 100 (1)

0_408A(Rn_6)+w

the State of Alagoas.
Station Station Latitude Longitude Altitude
Code name (°) (°) (m)
82989  Agua Branca -9,28 -37.90 605,3
P&o de
82990 Acucar -9,75 -37,43 19,1
Palmeira dos
82992 Indios -9.45 -36,70 2749
82994 Maceid -9.70 -35,70 64,5
Porto de
82996 Pedras -9.18 -35.43 50,02

T+273
A+y(1+0.34U2)

ETP

(2)

PET = 0.0023 * (T‘Wg + 17’78) * RO * (Tmax - Tmin)o'5 (3)

Where,

Yd is the final penalization;

Rn and G are the net radiation and heat flow in the
soil (MJ/m2/day);

Tavg is mean daily temperature (°C);

U2 is the average wind speed measured at 2m
height (m/s);

Agrometeorological Model

The agrometeorological model uses the water
balance of the crop, relating the productivity
depletion to the sensitivity of the crops to water
stress, in the various stages of development of the
plants according to Equation 1 (DOOREMBOS;
KASSAM, 1979). These models suggest that water
consumption is expressed by the ratio between Real
Evapotranspiration of Crops (RETc) and the Crop
Potential Evapotranspiration (PETc), thus quantifying
the effect of available water in the soil over the
decrease of final yield. The PET was calculated by
the Penman-Monteith method estimated
according fo the procedures proposed by Allen et
al., (1998), in Bulletin 56 of the FAO (Equation 2). A
RETc was calculated through the sequential ten day
(decendial) water balance of the crop.

The relative penalization (%) was estimated by
the model for an average cycle of 120 days of
maize crop, being compared with the derived
production data from the production data series
and municipal planted area of the Aggregated
Database (kg/ha), IBGE Automatic Recovery
System SIDRA (IBGE,2010). The penalization
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Ais the latent heat of evaporation of water equal to
2.45 (MJ/kg);

A is the slope of the vapor
temperature curve (kPa/°C);

y is the psychrometric constant (kPa/°C);

(es - eaq) is the air vapor pressure deficit for
measured reference height and 900 is a coefficient
for the reference crop (kJ-1KgK°d-1).

The CAD used for the municipalities of Agua
Branca, P&o de AcUcar and Palmeira dos indios
was related to an average soil texture between
clayey and sandy, of 60mm. For the stations of
Maceid and Porto de Pedras located in the coastal
strip used a CAD of 43.2mm relative to a sandy soil
texture. The productivity series were then composed
of the weighting among the three planting dates
proposed by the Federal Government for the State
of Alagoas: 20/04, 20/05 and 20/06. It is estimated
that between the three dates, 25% of producers will
try to produce on the first date, 50% on the second
date and 25%  on the third date
(http://www.mda.gov.br/sitemda/secretaria/saf-
garantia/sobre-o-programa).

pressure versus
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Statistical Downscaling

Statistical Downscaling (SDS) is a post-processing
technique of the outputs of MCGs, that allows to
redesign the forecasts with low spatial resolution, on
average of the order 250km, the local scale of
meteorological stafions (NGUYEN et al., 2006). This
technique was developed out of necessity to have
more detailed information in the time and space of
the numerical forecast products of time and climate
(WILBY; WIGLEY, 1997; HALL et al,1999). This
technique has the potential of detaiing and
assessing the climate risk for specific issues on a
regional scale, in general, deterministic methods
that assume a relationship between large scale
climate variable such as precipitation and
temperature (WILBY et al., 2004).

A Staftistical Downscaling Model (SDSM) should
be established that relates the predictions on local
scale, such as precipitation and the maximum and
minimum daily temperatures and large-scale
predictors such as mean sea-level pressure and
surface vorticity (WILBY; DAWSON, 2007). The
established relations are then applied to simulated
circulation by MCG, in order to generate local
weather forecasts, motivated by the assumption
that MCGs are more efficient in simulating
atmospheric circulation on a large scale than in
simulating surface climate variables (MURPHY; 2000,
MARAUN et al., 2010). In this study, the selected
SDSM was the analogous method, which compares
the large-scale atmospheric circulation simulated
by an MCG with each of the historical observations,
and the most similar pattern with the observations is
chosen as its equivalent (ZORITA et al., 1995, ZORITA;
STORCH, 1999).

The climate change scenarios A1B and A2 were
used to generate the precipitation series, maximum
and minimum temperatures for the period 2021-
2080, from the following MCGs: ECHAMS-OM, of
Max Planck Institute for Meteorology, Germany;
HadGEM2-ES, of Meteorological Office Hadley
Centre, United Kingdom; BCM version 2, of Bjerknes
Centre for Climate Research (BCCR), University of
Bergen, Norway; and CNRM-CM3 of National
Center for Meteorological Research of France.
Reanalysis data of the precipitation and
temperature variables of the project ERA40 (UPPALA
et al., 2005) and of the NCEP/NCAR (KALNAY et al.,
1996), are used to find the best relationship of these
variables with those of large scale for different
atmospheric levels provided by MCGs, due to the
patial resolution of 2.5 ° of MCGs. Subsequently, this
equation can be replicated to the surface stations.
For precipitation, the predictive variables of MCGs
were the meridional component of the mean wind
velocity at the 850 hPa level, zonal component of
the mean wind velocity at the 850 hPa level, specific
humidity at the 850 hPa level, pressure at the mean
sea level, geopotential af 500 hPa and temperature
at the 850 hPa level, from the ERA40 project
reanalysis. For the temperatures, the respective
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predictor variables selected were: specific humidity
at the level of 850 hPa, pressure reduced to mean
sea level, geopotential at 500 hPa and temperature
at the level of 850 hPa, of the reanalysis of the
NCEP/NCAR.

The application of the method of analogues is
divided into two stages: training (75% of the data,
relating to the reference period 1961-1990) and tests
(25% of the data, for the period 1991-2000). The
training phase is calibrated using the fraining data,
while the test phase is validated between the
simulations made for this period and the
corresponding observations. The test data are not
used in the calibration phase, so the coefficients
obtained for the analogue method in the
calibration phase can be extrapolated to new data
sets from the scenarios of the models for the horizon
2001-2080.

For the fraining period, we test the ability of the
models fo represent the observed climatology of
the reference period 1961-1990. The validation
phase obtains relevant statistical parameters, such
as the probability density functions between
observations and predictions, dispersion diagrams
with the Pearson correlation coefficient, using the 1-
stfudent test (MENEZES, 2010) to analyze their
stafistical significance, and gg-plot graphs to fest
the normality of predicted and observed data. The
time scale used is daily and decendial (10 days),
combining with the same time scale used by the
agrometeorological model.

Relation of Yield to Future Scenarios

After the process of scale reduction of MCG
projections by the tfechnique of statistical
downscaling, the series of precipitation and
temperatures for the period 2021-2080 were used to
derive estimates of vyield losses of maize, for an
average cycle of 120 days, which was compared to
the historical average values of the period 1961-
2016, in order to evaluate the impacts of possible
climatic changes on the yield of this crop.

Results and Discussion

Agrometeorological Model Applied to the Period
1961-2016

Relative vyields and consequent productivity
losses were obtained for corn with a mean cycle of
120 days for the five municipalities of the state of
Alagoas, whose penalization depends only on the
relationship between RETc and PETc. These
productivity estimates were validated with annual
productivity data provided by IBGE between 2000
and 2010. According fo the data from the IBGE in
those 11 years, the average productivity in Agua
Branca was 368 kg/ha, in P&do de AcUcar of 448
kg/ha, Palmeira dos Indios 522 kg/ha and Porto de
Pedras 629 kg/ha. No information for Maceid.

Online version ISSN: 2447-0740 | http://www.geama.ufrpe.



As the vyield/loss is estimated in percentage
values and the one made available by IBGE in
kg/ha, to associate these values, the coefficient of
maximum technological efficiency (Ap) and the
adjusted water deficit factor (ky*) for each
municipality were calculated during the calibration
process of the yield model. These parameters allow
to simulate, with more precision, the yield for each
year. First, a yield estimate is obtained for each
municipality, without taking into consideration the

maximum fechnological vyield (Ap) and the
adjusted water deficit factor (ky*). Then, by
calculating the technological potential

productivity, by correcting vield trends over time,
the accuracy of both low and high yield estimates
isimproved and the percent yield loss values can be
approximated to the values observed by the IBGE,
calibrating the model and finding the values of Ap
and ky*. In some cases, where the water stress
factor does not become very relevant and the
value of ky* remains equal to 1 (MONTEIRO et al.,
2013, MONTEIRO et al., 2017).

To illustrate the importance of these parameters
in the simulation of yield, the graphs in Figure 1 show
the curves, between 2000 and 2010, yield estimate
versus the yield observed in the municipalities of
Agua Branca and P&o de AcUcar, respectively.

Then, for each municipality, we obtained the
average relative yield loss for the whole period 1961-
2016, shown in Table 2, respecting the weight of
0.25; 0.50; 0.25 for the three dates in sequence. The
results indicated in Figure 1 served to validate the
agrometeorological model, giving the average
estimates of losses in percentage terms for each
municipality shown in Table 2.

Figure 1: Estimated yields (red lines) and observed
(blue lines) of maize in the cities of Agua Branca (on)
and Pdo de Acucar (below), in kgha-1. The green
line is the technological potential yield trend and
the black line is the observed yield tfrend. Values of
the absolute mean error (ME, in %), determination
coefficient (r2) and correlation coefficient (r)
between simulations and observations are shown in
the right and left lower corners of the figures,
respectively. The values of r are statistically
significant at the 95% level by the t-student test.
_Estimated and observed maize yield in
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Estimated and observed maize yield in
P&ao de Acucar (AL) between 2000 and 2010
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Table 2. Yield losses estimated for the three dates
recommended for planting and final weighted loss
per municipality. The values are relative to the
average for the period 1961-2016.

Average Average Average

loss on loss on loss on
the 1st  the 2nd  the 3rd
Station date date date Weighted
name (20/04) (20/04) (20/04)  Average Loss
Agua
Branca 48% 49% 65% 53%
Pdo de
Acucar 75% 76% 85% 78%
P. dos
indios 48% 76% 68% 50%
Maceid 31% 76% 51% 30%
Porto de
Pedras 39% 46% 63% 49%
Calibration and Validation of Statistical

Downscaling for Present Climate

The stafistical downscaling technique was
applied to the precipitation series, maximum and
minimum temperatures for the period 1961-2000
(1961-1990 for training and calibration and 1991-
2000 for validation). The first way fo verify if the SDSM
was well adjusted is to identify its ability to simulate
climatology for a reference period, which coincides
with the 1961-1990 calibration period.

In Figure 2, it is shown for each municipality how
the SDSM employed ensemble of models,
represents well the annual rainfall cycle. For Agua

Branca, Figure 2a shows that the models tend to
overestimate precipitation in the driest months of
the year between August and February and tfo
underestimate precipitation in the rainy months
from March to July. In PGo de AcuUcar the models
underestimate precipitation in the first two months
tending to overestimate from July to December
(Figure 2b). In Palmeira dos indios, the tendency of
the models to overestimate precipitation from
August to April and to underestimate it in the May-
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July quarter is the rainiest of the year (Figure 2c). In
Maceid the average climatology of the models only
underestimates rainfall in the quarter from March to
May (Figure 2d). Porto de Pedras is the municipality
where the magnitude of the climatologically
differences of the models is more significant in
relation to the one observed, mainly in the
underestimates from April to July that can surpass
100mm (Figure 2¢e).

For the maximum and minimum femperatures
(Figures not shown) the average climatology of the
models is even closer to that observed than
precipitation. In the coastal cities of Maceié and
Porto de Pedras, the models overestimate the
observed climatology of maximum temperatures
during the rainy season of the year, from April to
August. For the minimum temperatures, the models
tend to underestimate the observations in almost
every month of the year for the cities of Agua
Branca, P&do de Acucar, Palmeira dos indios and
Maceid, except for Porto de Pedras, with the
climatology of the models overestimating the
observed in practically every month except
December.

Figure 2: Monthly precipitation climatology of
observations and ensemble models for the period
1961-1990 for (a) Agua Branca, (b) Pdo de Acucar
(c) Palmeira dos indios, (d) Maceié and (e) Porto de
Pedras.
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C) Comparison between the observed climatology and the models
Palmeirados indios (1961-1990)
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9) Comparison between the observed climatology and the models
Porto de Pedras (1961-1990)
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For the validation period 1991-2000, three graphs
with different statistical parameters calculated for
the aggregate precipitation of 10 days, for Agua
Branca, Pdo de Acucar, Palmeira dos indios,
Maceid and Porto de Pedras are shown (Figure 3).
The graph to the left shows the probability density
function (PDF) of the observed and predicted data,
in order to analyze the similarity of the distributions
and infer the quality of the predictions. Within the
graph there is the calculated PDFscore value, which
serves to precisely measure the degree of overlap
between observed and predicted empirical
probability density functions, and the closer to 1 the
better the functions are adjusted. In the center,
there is a scatter diagram between predicted and
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observed values, inside it can be seen the value of
r. On the right, a Q-Q plot plot of predicted and
observed percentiles that suggests the degree of
normality of the estimated percentiles. If the
configuration of the points on the graph
approaches a straight line the assumption of
normality is sustainable and can be put under
suspicion if most points deviate from linear behavior.

In all the graphs of Figure 6, we can see the
correlation between the predicted PDFs and
observations, both for the behavior of the curves
and for the calculated values of PDFscore, whose
lowest value was 0.94 in Agua Branca, Maceié and
Porto de Pedras, and the highest 0.95 in PGo de
AcUcar and Palmeira dos indios. From the scatter
diagrams, it can be seen that most accumulated
values lie within a range of up to 100 mm. The ability
to predict the extremes better or not significantly
reflects the r values, even if the other graphs and
measurements indicate confidence in using the
predicted data. In this validation period (1991-2000),
aggregates of 10 days correspond fo 360 deciles.
For this size n = 360, the correlations are statistically
significant at the 99% confidence level if they are
greater than 0.21. From the 5 stations, all values of r
were higher than 0.30, in Agua Branca (r=0.32), P&o
de AcuUcar (r = 0.34), Palmeira dos indios (r = 0.42),
Maceid (r=0.45) and Porto de Pedras (r=0.41), and
it can be stated that all the forecasts are statistically
significant in relation to the observations.

The Q-Q plot graphs of all stations show that the
empirical  percentiles  calculated  for  the
observations and predictions generate straight lines
very close to the diagonal line, indicating a perfect
quantile distribution. In many cases, the exireme
values are highlighted and due to the inefficiency
of their predictions, they dictate the deviation of the
empirical lines, but without placing under suspicion
the hypothesis of normality of the distributions of the
calculated percentiles.

Figure 3: In the sequence, probability density
functions and PDFscore values on the left, scatter
diagrams and r values in the center, and QQ-plot
distributions on the right, for observed and
predicted precipitation accumulated (mm) in 10
days for the period 1991-2000, for Agua Branca, P&o
de AcuUcar, Palmeira dos indios, Maceié and Porto
de Pedras, respectively.
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Similar to the results of Figure 3, for the maximum
and minimum temperatures (figures not shown), the
statistical analysis of the validation period of the
SDMS showed a higher predictive potential for these
variables, recalling that the predictors were the
same as the precipitation, with the exception of the
zonal and meridional components of the wind. The
values of r for the maximum temperatures were
higher than0.30, in Agua Branca (r = 0.81), P&o de
Acucar (r = 0.92), Palmeira dos indios (r = 0.84),
Maceid (r=0.81) and Porto de Pedras (r=0.82), and
the minimum temperatures were also higher than
0.30, in Agua Branca (r = 0.75), P&o de Acucar (r =
0.77), Palmeira dos Indios (r = 0.75), Maceié (r = 0.48)
and Porto de Pedras (r = 0.60).

Estimates of Maize Productivity Losses under
Future Climate Change Scenarios.

After the SDSM calibration and validation, the
respective estimates of yield losses for the 2021 to
2080 harvests were calculated with  the
agrometeorological model in the five cities studied.
The main input data of the model, precipitation and
PET, came from scenarios AIB and A2 for
productivity estimates, according to the same
planting dates and their respective weighting for
annual loss values.
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The Al scenario represents a future of very fast
economic growth, low population growth and rapid
infroduction of more efficient technologies. There is
cultural and economic convergence with the
substantial reduction in regional differences in per
capita income. The Al scenario unfolds in three
alternative directions of technological change in
the energy system: the intensive use of fossil fuels
(ATFIl), non-fossil sources (A1T) or a balance
between sources (A1B). A2 scenario portrays a
more heterogeneous world. The underlying theme is
to strengthen regional cultural identities, with high
population ratios and less interest in rapid economic
growth (SRES, 2010).

The graphs in Figure 4 show, for each station,
estimates of the annual losses of the ensemble of
models in relation to scenario A1B. The increasing
trend of annual losses for Agua Branca, P&o de
Acucar, Palmeira dos indios and Maceid (Figure 4a,
4b, 4c, 4d) is a growing frend. Porto de Pedras
(Figures 4e) is the only city where the models points
to a negative trend of decreasing annual corn yield
losses, especially in the second half of the analyzed
period, from 2051 to 2080. The graphs in Figure 5 are
analogous to those in Figure 4, but for scenario A2,
observing the same frends as scenario A1B

Figure 4: Percentage estimate of maize yield loss for
AlB scenario for the period 2021-2080 of the
ensemble of models with the respective frend line,
for (a) Agua Branca, (b) P&do de Acucar, (c)
Palmeira dos indios, (d) Maceié and (e) Porto de
Pedras, respectively.
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(C) Estimation of annual maize yield losses for the A1B scenario
in Palmeira dos Indios (2021-2080) - Ensemble models
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Figura 5: Percentage estimate of maize yield loss for
A2 scenario for the period 2021-2080 of the
ensemble of models with the respective frend line,
for (a) Agua Branca, (b) Pdo de Acucar, (c)
Palmeira dos indios, (d) Maceié and (e) Porto de
Pedras, respectively.

(d)

Estimation of annual maize yield losses for the A2 scenario
in Maceio (2021-2080) - Ensemble models
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(C) Estimation of annual maize yield losses for the A2 scenario
in Palmeira dos Indios (2021-2080) - Ensemble models
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The summary of the average annual losses of the
period 2021-2080 is compared to the average
values observed for the period 1961-2016 (Table 3).
It can be noticed that in Agua Branca, P&o de
AcUcar and Palmeira dos indios there is an in
increase in the values of losses until near the end of
the century. For Maceid, in spite of the positive
increasing trend observed mostly in the second half
of the series of losses in the two scenarios, the
average values of the losses decrease by
approximately one percentage point in relation to
the observations. The decrease of the most
significant productivity losses are observed for Porto
de Pedras. In summary, the scenarios have values of
losses very close to the two scenarios and indicate
a prediction of increased productivity loss in the
period 2021-2080 for Agua Branca, Pdo de AcUcar
and Palmeira dos indios, and decrease of losses,
that is, productivity increase, for Maceié and mainly
for Porto de Pedras.

This result is directly associated to the predictions
of rainfall reduction in the interior of the State,
including the cities of Agua Branca, P&o de AcUcar
and Palmeira dos indios, a slight increase in rainfall
for Maceid and a more significant increase in rainfalll
in Porto de Pedras (Figures Not shown).
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Table 3. Average yield loss observed in the period 1961-2016, and estimated ensemble models for future
climate change scenarios A1B and A2 for the period 2021-2080.

Average loss predicted by the

Weighted Average Loss

models for scenario A1B, period  Average loss predicted by the models

Station name Observed 1961-2016 2021-2080 for scenario A2, period 2021-2080
Agua Branca 53% 71,3% 70,3%
Pdo de Acucar 78% 85,6% 84,5%
P. dos Indios 50% 63,5% 63,8%
Maceid 30% 29,9% 28,4%
Porto de Pedras 49% 27.1% 26,3%

Conclusions

(1) The agrometeorological model used to
estimate the vyield losses of maize in five
municipalities in the State of Alagoas was validated
with data from IBGE production for 2000-2010,
showing that it is efficient in estimating productivity
in a region with low technological potential.

(2) The statistical downscaling method used to
generate future precipitation and temperature
scenarios for INMET meteorological statfions in
Alagoas demonstrated extreme ability in simulating
the annual cycle of these variables. The
climatologies obtained by the models agreed well
with the observations of the period 1961-1990. For
the validation of the model with 10 days of
cumulative precipitation and average
temperatures, stafistically significant correlations
were obtained at the 95% level, higher for maximum
temperatures, minimum  temperatures and
precipitation, in that order.

(3) Future productivity scenarios for the period
2021-2080 were constructed for ftwo climate
change scenarios, A1B and A2, for four MCGs, with
data from the stafistical downscaling technigue.
The average loss estimates of maize productivity for
this future period was compared to the average of
the observations of the period 1961-2016, indicating
trends of increase of relative losses in Agua Branca,
P&o de AcUcar and Palmeira dos indios, and
reduction of losses in Maceidé and Porto de Pedras..
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