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Abstract Agricultural production risk is getting increasing attention in the science and the policy domain
due to its strong connection with food security and its potential to trigger systemic risks. Particularly in
semi-arid regions, weather and environmental conditions can seriously affect agricultural production.
Brazil stands out exceptionally as it has one of the most populated semi-arid areas globally. Nevertheless,
risk assessment of crop production for these regions is lacking, but essentially needed for policy and risk
management purposes. To fill part of this gap, this paper provides first estimates of crop yield risk for the
semi-arid in Brazil on the municipality level from an empirical perspective. It was found that many highly
vulnerable municipalities are located in states such as Cear4, Piaui, Pernambuco, and Paraiba. These
hotspot regions may be prioritized in terms of public investments in order to help them decrease current
and future vulnerability related to crop production. Especially climate change impacts may worsen the
situation considerably in the future and should be included already in current adaptation strategies.
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1. INTRODUCTION

Agricultural production risk is getting increasing attention in the science and the policy domain due to
its strong connectance with food security and its potential to trigger systemic risks. For example, extreme
weather events can destabilize markets and have the potential to trigger local or regional food crises. This
can result in humanitarian crisis, national or regional instabilities as well can lead to mass migration.
Recent examples include the 2010 Pakistan flood events which led to a sharp decrease in rural incomes
and a large increase in food insecurity as well as the 2011 drought event in East Africa, which affected
more than 13 million people. While already today global crop production lags behind growth demand
(World Economic Forum 2017) the situation will likely worsen in the future due to population growth and
climate change. For example there is an expected increase in demand of 60 percent by 2050 due to rising
population and growth of the middle class (Alexandratos and Bruinsma 2012). Additionally, climate
change impacts on yield can be expected to worsen not only in poor and food-insecure countries but also
the key exporting breadbasket regions including North and South America (WRI 2013).
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Particularly in semi-arid regions, weather and environmental conditions can seriously affect
agricultural production. Such regions are generally characterized by low levels of rainfall and high levels
of evapotranspiration, affecting water supply for crops, livestock as well as human consumption. Of the
total land area around the world, total semi-arid zones are about 15 percent (United Nation 2015a). In
Latin America, similarly to Africa and Asia, 15-25 percent of the population lives in semi-arid areas,
mostly in small isolated rural communities (Ella 2011). Brazil stands out exceptionally here as it has one
of the most populated semi-arid areas globally, e.g. more than 22 million people living there with almost
40 percent in rural areas (Ibge 2012) which depend mostly on rainfed agriculture for their subsistence.
Worryingly, rainfed agriculture in the Semi-Arid of Brazil (SAB) has been frequently affected by adverse
weather conditions in the past which caused high stress on farmers and the rural population in general.
According to Marengo (2008) during 100 years, on average 18 to 20 drought years can be expected and
the twentieth century was one of the driest years ever, registering 27 drought years in total. Most severe
drought events resulted in heavy crop failure and high food insecurity in those rural areas; according to
official statistics (Ibge 2013) SAB shows the most critical conditions of the country in terms of food
security, and 38 percent of the population experienced restrictions in dietary needs.

In this context, agriculture production in semi-arid areas is of high relevance from a social point of
view, especially for family farming, which is an important segment within the agriculture sector in Brazil.
The definition by the Brazilian Family Farming Act (Law n. 11.326) is that it is an agricultural producer
which is directly responsible for farm management, using mainly family labor and earn a substantial part
of the total family’s income from agricultural activities (Lindoso et al. 2014). About 89 percent of farms
in the SAB are family farms (Banco do Nordeste 2010) and this segment is the one which is most affected
by drought events, partly because of their few resources for adaptation. Special focus on these areas is
therefore given by the Brazilian Government as well as civil society (Brazilian Government 2013;
Fonseca et al. 2014). Nevertheless, current estimates of crop production are focusing on average yields
and do not provide risk based estimates on the municipality level. As IPCC ( 2012) pointed out, there is
an urgent need to provide estimates of the likelihood of extreme events and its consequences.
Furthermore, the need for such estimates is also prominently featured in the Sustainable Development
Goals which recommends setting up and developing baseline estimates where they do not exist yet to
monitor progress and to address gaps in current data collection (see, SDG, point 57) (UN 2015b). This
can also be related to the Sendai Framework for Disaster Risk Reduction (UNISDR 2015) which
emphasizes the need to collect and share data for monitoring and the continuous evaluation of adopted
disaster risk reduction strategies.

The analysis in this paper should fill part of this gap by providing first estimates of crop yield risk for
the SAB in Brazil on the municipality level from an empirical perspective. Special attention is given on
the most critical factors for crop vulnerability which is defined here in accordance to the IPCC (2012)
definition of vulnerability as the propensity and predisposition to be adversely affected. This should
support the Brazilian government in identifying appropriate policies, including investments in mitigation
options and emergency relief actions, to help communities to recover from and prepare against drought
events. In doing so, three different “perspectives” on crop risk are introduced and seen as relevant for
various decision makers within the region. The first perspective focuses on the range of possible crop
yields, the second perspective emphasizes on minimum crop yields while the third perspective centers on
risk of crop yields and includes a stress threshold representing crop resistance (as crops are usually
tolerant to a certain level of water deficit). The introduced perspectives should be beneficial for
stakeholders and policy makers to help them to prioritize emergency and preparedness actions on the
most vulnerable municipalities in the SAB.

The paper is organized as follows. Section 2 provides background information of the case study in
Brazil (Section 3) and current drought adaptation options applied. Afterwards, Section 4 presents the
methodology employed, while Section 5 presents the corresponding results. Finally, Section 6 discusses
the results in a broader context and ends with a conclusion and outlook to the future.
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2. DROUGHT ADAPTATION IN BRAZIL

As already indicated, one of the most vulnerable regions in Brazil are rural semi-arid areas (Simdes et
al. 2010). Agriculture potential in the Semi-Arid in Brazil (SAB) is strongly limited due to generally
insufficient rainfall (Krol and Bronstert 2007). Indeed, the most severe droughts since the beginning of
colonization in the sixteenth century happened in SAB, they are quite common and affecting mainly
family farming and food supply (Marengo et al. 2016). Especially for those families who depend on
agriculture for their subsistence, the reduced harvest usually results in a substantial reduction of food
supplies available during the next year. Similarly, the loss of crops not only generate debt (e.g. to buy new
seeds), but also means that households cannot make any debt repayments already outstanding (Morisson
2010), eventually leading to vicious poverty cycles.

While it is true that meteorological droughts are one of the natural disaster types which cannot be
prevented, one nevertheless can adapt to it. Actions towards adaptation have increased in its importance
and are now in the center of the international agenda along with climate mitigation (Lindoso et al. 2014).
For example, adaptation is one of the main focus areas of the IPCC’s Fifth Assessment Report (ARS)
which suggests adaption and mitigation actions given climate change projections should be identified for
several parts of the world (Magrin et al. 2014). For SAB, AR5 restates that droughts will intensify along
the 21% century in some seasons and areas due to reduced precipitation and/or increased
evapotranspiration and these effects could affect crop yields, local economies and food security (Magrin
et al. 2014). Additionally, some researchers on AR5 suggest that water scarcity for agriculture will also
have important social impacts such as potential full-scale migrations in the SAB (Krol and Bronstert
2007; Krol et al. 2006). As future adaptive practices, genetic advances, suitable soil and technological
management strategies are suggested to induce an increase in some crops’ yield despite unfavorable
future climate conditions (Magrin et al. 2014). The current situation in the SAB is however connected to
large weather variabilities, water deficiency, low adaptation capacity and poverty. Hence, the Brazilian
government has implemented some adaptation policies and emergency relief actions to help communities
to recover after and prepare for drought events (Figure 1).

Such operations can be quite costly. For example, during the last drought year in 2012/2013 total
expenditures for emergency operations were about US$ 5 billion. This included assistance to insurance
companies, giving emergency loans, providing assistance in well drillings and general recovery measures
(Brazilian Government 2013). Additional adaptive practices are developed by the Brazilian Agricultural
Research Corporation (Embrapa), a state-owned company in Brazil. They provide assistance to improve
agronomic practices, as well as indicate the infeasible locations and seasons for different crops, e.g.
through agricultural risk zoning. However, not only the government is taking adaptation actions, civil
society organizations as well have formed a coalition known as the ASA (Articulacdo do Semiarido
Brasileiro) which implemented since 1999 the "Programme for One Million Cisterns". The goal is to
build one million of cement cisterns for storage of rainwater collected through gutters attached to roofs of
houses (Fonseca et al. 2014). Even though many adaptive practices have been applied in the SAB recently,
they were not enough to avoid losses in the agriculture sector, which is an indication that a more targeted
planning could be beneficial to enhance adaptive capacity and, consequently, decrease vulnerability. As
discussed, identifying some key dimension of vulnerability of crop production as well as risk of
experiencing low crop yields on a more detailed spatial scale for SAB may be a crucial step towards the
goal of a more targeted planning of current and future investments in adaptation options.
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Figure 1. Adaptation policies and Emergency relief action in SAB.
Courtesy: Nobre 2014.Source: Brazil 2013.

3. CASE STUDY AREA

The selected case study area, namely the SAB region is in the Northeast of Brazil (see Figure 2). It is
the second most populated region in Brazil and its climate is classified as Bsh climate according to the
Koppen classification, i.e. a hot semi-arid climate. The region coincides with the poorest regions in Brazil
presenting on average 40 percent of the population living below the poverty line and also has the worst
social and economic indices, e.g. the Human Development Index is around 0.59, about 50 percent of the

total population has no income or depends on government benefits and about 30 percent earns up to only
US$400 per month (Ibge 2012).

Climate wise, crop vulnerability in the SAB has a strong climate component, e.g. weather and climatic
variables are very important for crop production. The weather in SAB is characterized by annual average
rainfall up to 800 mm, solar average radiation of 2800h/year, average temperature between 23° to 27°C,
evaporation of 2000mm/year and relative humidity about 50% (Moura et al. 2007). However, the
distribution of rainfall over the year and its temporal and spatial variability increase the risk of crop losses
for rainfed agriculture due to dry spells. Furthermore, weather variability is seen as one of the main
threats to crop production in this region and is influenced by geographical position, topography, surface
characteristics and meteorological systems (Marengo et al. 2011). Other determinants to climatic
variability on annual and interannual scales are the El Nifio-Southern Oscillation - ENSO and Tropical
Atlantic Dipole. Both phenomena’s are caused by oscillation of Sea Surface Temperature (SST) in the
equatorial Pacific and tropical Atlantic, respectively. The warm ENSO phase, called El Nifio and the
positive Dipole cause droughts in SAB due to change on the atmospheric circulation pattern (Moura and
Shukla 1981; Ropelewski and Halpert 1989; Serra 1941). Some research already tried to link such
phenomenon with crop production and found some relationship for SAB (Martins 2012; Silva et al. 2002;
Berlato et al. 2005). Unsurprisingly, due to the recurrent droughts in SAB agriculture is not composed by
miscellaneous crops. The most important cultivated crops in this region are maize and bean which is
therefore also the main crops looked at in this article. Both crops are used as staple food for the
population as well as silage to feed animals and as green manure and for soil protection. As will be seen,
due to recurrent droughts, maize and bean show large differences in productivity on an inter-annual scale,
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including a complete failure during severe droughts. The average productivity in the semi-arid region of
Brazil is around 650 kg/ha for Maize and 342 kg/ha for Bean (in 2014), which is well below the national
average of 5100 kg/ha (maize) and 832 Kg/ ha (bean) (Ibge 2015).
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Figure 2. Case study area: Brazilian semi-arid (yellow shaded).

It should be noted that although rainfed agriculture in the semi-arid has low economic relevance for
the Brazilian economy, the region is very important from a social point of view because of the large low-
income population living there and its high dependency on production of maize and bean for subsistence.
Besides the low productivity, semi-arid crop yield ranges up to 48 percent from one year to another; for
example, yield loss was about 80 percent because of the 2012 drought (Conab 2012). This yield
variability threatens the sustainability of the communities in this region. For example, according to
Medeiros (2013), consequences of droughts and crop losses extend to breakdown of families and social
relationships, in part by forced migration to other areas (inside or outside the semi-arid region) in order to
search for new job opportunities. While the adaptation options discussed in Section 2 can lessen the
indirect impacts, however, as discussed, prioritization in regions is needed for better targeting most
exposed municipalities. In the next section, details of the data used and methodology applied in the case
study region is given.

4. DATA USED AND METHODOLOGY APPLIED

Maize and bean vulnerabilities were assessed via environmental (soil types and number of dry days
during the cropping season) conditions, as most other options such as irrigation as well as fertilizer use
can be excluded for the SAB as discussed above. The relevant data was taken from official institutions
from Brazil such as Brazilian Institute of Geography and Statistics (Ibge), Center for Weather Forecasting
and Climate Research of the National Institute for Space Research (Cptec/Inpe), Northeast Real Time
Monitoring Programme (Proclima/Cptec/Inpe) and the Soil and Terrain Database for Latin America and
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the Caribbean (Dijkshoorn et al. 2005). Table 1 provides a summary and description of the variables used.

Table 1. Description of the Variables

Variable Unit Description Period Source
Crop Yield Kg ha Produced amount of maize and 2005-2012 Ibge

bean per area
Number of day Number of days with rain below  2005-2012 Proclima
Dry Days Imm
Soil Textural  adimensional Soil textural Class 1981 Dijkshoorn et
Class 2001 al. 2005.

The data was analyzed at the municipality and sub-regional level. If data on the sub-regional levels
was available, we separated also the areas which presented the same soil characteristics. Table 2 presents

the numbers attributed to each State and soil condition used for the analysis.

Table 2. Numbers attributed to each State and Soil Class.

aljt:il:)l:::d State alt\lt:ili)lll:::d Soil textural Class
1 Piaui (PI) 1 Clav
2 Ceara (CE) 2 Sandy Clay
3 Rio Grande do Norte (RN) 3 Sandy Clay Loam
4 Paraiba (PB) 4 Sandy Loam
5 Pernambuco (PE) 5 Loamy Sand
6 Alagoas (AL) 6 Sand
7 Sergipe (SE) 7 Clay Loam
8 Bahia (BA) 8 Loam
9 Minas Gerais (MG) 9 Silty Clay
10 Silty Clay Loam
11 Silty Loam
12 Silt

As indicated, our methodology applied here is essentially an empirical one. Our underlying
assumption in regards to the vulnerability of agricultural production in the SAB is the dependency of crop
yields to weather, especially water deficit during the year. While this is a simplified assumption it may
hold true in our case study as all areas are essentially rainfed only and water deficit is the major threat for
crop yields. To account for increases in productive area for a given municipality over years, crop yield in
kilogram per hectare is used as the dependent variable. Furthermore, soil conditions as well as sub-
regions are used as dummy variables (see Table 2). The data on the municipality level was analyzed
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descriptively (e.g. mean and variation) as well as based on a classic panel regression approach. In more
detail a fixed effects model with robust standard errors was used in our case (see Hsiao 2014).

Using this Panel regression approach, the vulnerability of crop yield based on three different
perspectives was assessed, including range of potential crop yields, minimum crop yields and stress
threshold related yields. In more detail, the first perspective focus on the range of crop yields possible.
Therefore, the difference between best and worst outcomes in terms of crop yield for each municipality
was selected as the dependent variable. The second perspective looks at minimum crop yields and
therefore minimum yields in each municipality were selected for the analysis in order to evaluate the
possible worst outcomes (in terms of crop yield). The third perspective is on risk of crop yields and
includes a stress threshold to represent real crop resistance (as crops are usually tolerant to a certain level
of water deficit). Here we considered the stress threshold as 10 dry days (based on the literature and
empirical investigations, one could also interpret this as a very extreme event happening), and we
therefore focused on years which had more than 10 dry days within the rainy season. Each one of those
perspectives is showing a different dimension of vulnerability to crop production in SAB, useful for
different audiences of decision makers. The results of each perspective are shown via the (statistical)
significance of parameters to crop yields, e.g. we assume that non-significant results are an indication that
for the given region there is no vulnerability (in regards to the independent dimensions such as soil
condition or number of dry days) to crop production. Given there is significance found, the (normalized)
coefficients of each region are compared with to evaluate which regions are more vulnerable. In a final
step, the probability of falling below a given crop yield threshold level was estimated which provides
additional information about risk across regions. Again, referring to the IPCC (2012) definition of risk,
also here risk is defined as the product of the probability that some event will occur and the adverse
consequences of that event (IPCC 2012). A gamma distribution for number of dry days (this distribution
is also commonly used to model cumulative rainfall, see Husak et al. 2007) was selected to estimate the
event probabilities for each perspective.

5. RESULTS

We start with some overall information of crop yields based on the time-series (Table 1). Figure 3
presents mean and standard deviations of maize and bean yields for the respective regions (States). As
one can see, the mean (represented by circles) is small in most states which can be attributed to
irregularity of precipitation during the crop season, poor soil conditions as well as the low technologic
levels adopted for farming there. The standard deviation (represented by bars) is very large in most of the
states and shows the potential large year by year variations in crop yields. These observations are in line
with the previous discussions in section 2 and 3, i.e. low average crop yields but high annual variability.
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Figure 3. Mean and Standard Deviation of maize and bean crop yield for each State comprised by SAB.

The significant dimensions for each sub-region as well as the estimated coefficients and the fit of
the model to data via the panel regression approach can be found in Appendix A. Here we present the
results from a geographical point of view for our aforementioned perspectives as this indicates better the
regions with high vulnerability. To start with, Figure 4 shows the municipalities were crop production
was found to be significantly (p-value <0.05) vulnerable to number of dry days and soil conditions. This
does not necessarily mean that the other areas are not actual vulnerable, additional information on these
regions or selecting larger thresholds for the p-value can eventually lead to an increase of areas (see
Appendix A).
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Figure 4. Vulnerability of maize and bean crop production according to three perspectives. 1% perspective is
on range of crop yields, 2" perspective is on minimal yields and 3" perspective on thresholds.

For example, the municipalities which showed significant vulnerability accounted to 68, 54 and 77
percent of all municipalities, considering the 1%, 2™ and 3™ perspectives, respectively. Note, the analysis
was performed for all three perspectives and showed different vulnerabilities for maize and bean yield.
This is due to the different resistance of each of the crops to water deficit and the different dimensions of
vulnerability considered. It should be noted that most of the municipalities which did not showed any
vulnerability are in the southern part of the region, i.e. farther away from the Equator line. The high
percentage of total municipalities which showed their agriculture production affected by dry days and soil
condition in all the three perspectives also signifies the extension of vulnerability in that region and the
influence of environmental conditions for agriculture.

In a next step and in order to compare vulnerability of crop yields to the weather and soil variables for
different municipalities the beta coefficient from the regression results (see Appendix A) was
standardized as well as categorized for comparison reasons. Vulnerability in Figure 5 ranges from 0 (light
orange), meaning no vulnerable, to 1 (dark orange), indicating the highest vulnerability. Again, Figure 5
shows the vulnerability in SAB for all three perspectives.

As can be seen, the most vulnerable areas are in the Northern part. Even though in the southern part
there are some municipalities with high vulnerability, whereas the latitude increases (in absolute values)
the amount of high vulnerable municipalities also drops down. While the results above are on the sub-
regional level, in order to compare our results with other indices developed in our study area, also the
states are looked at, mainly since most studies used state level information to delimit their analysis. As
one can see in Figure 5, the highest indices of vulnerability can be found in the region of Piaui (PI), Ceara
(CE), Pernambuco (PE) and Paraiba (PB), showing only small variation depending upon the perspective
and crop analyzed.

The vulnerability of crop production corresponds directly to the food security of the respective
communities. For example, there is a strong agreement between those states which presented highest
vulnerability and the states which presented the highest Food Insecurity Indices. For example, according
to the official statistics about Food Security in Brazil (Ibge 2013), Piaui (PI) presented the second worst
Food Security Index. Only 44 percent of the total population experiences no problems with food supply,
while the Brazil average is about 77 percent. Ceard (CE), Pernambuco (PE) and Paraiba (PB) are also
below Brazils’ average having a Food Security Indices of 64, 74 and 63 percent, respectively.
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Figure 5. Vulnerability of maize and bean production according to the three perspectives.

Furthermore, if the Vulnerability Index is compared with a Crop Loss Index, it also shows good
agreement. For example, Piaui (PI) had in 2002, the last year the Crop Loss Index was assessed, the worst
Crop Loss Index: about 52 percent of crop loss for maize and 42 percent of crop loss for bean (Ibge 2004).
These results suggest that, the vulnerability condition has been present since a considerable time and the
community and the government have not yet applied an efficient response in order to lessen the
vulnerability of those regions.

Finally, in a last step, for those municipalities which showed significant vulnerability in crop
production according to Figure 4, a probabilistic risk analysis was additionally performed in the following
way: First, municipalities in sub-regions were grouped according to its State and soil condition.

10
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Afterwards, a gamma distribution was estimated based on past observations of number of dry days in the
particular sub-region. To decrease the absolute range of crop yields for the different perspectives all crop
yield values were transformed to logarithmic scale. In more detail, for the first perspective the difference
between natural logarithmic of highest crop yield and natural logarithmic of lowest crop yield for each
municipality was used. For the other two perspectives the exponential function was used. We identify
each sub-region using two numbers, for example 13 means, State 1 and Soil condition 3 (see Table 2). For
each one of the three perspectives, the exceedance curve of the gamma distribution and also the
corresponding table with risks in terms of exceeding a given threshold level (on the right-hand side of the
Figure) is given. In Figure 6 for example the threshold was defined as having more than 20 dry days.
Consequently, the risk (in terms of probability) that in a given year in a given sub-region more than 20
dry days will be observed is shown and additionally the consequence in terms of decrease in crop
production for all three perspectives given (see Appendix B for the second and third perspective).

. Crop

o.é Sub-region P(x>20) Loss
e 13 1M%  91.7%
X 8-2 14 63% 91.1%
§ 0.4 23 71% 87.8%
o3 24 55%  85.1%
O-é S i 27 68% 82.4%
0O 10 20 30 40 50 60 70 80 90 33 61% 75.7%
43 79% 86.4%

X (Range Dry Days) . .
—13——114 23 24 27 53 83% 14.7%
33 43 53 83 91 83 55% 85.3%
91 19% 77.1%

Figure 6. Risk analysis for maize (1% perspective)

In Appendix C the risk analysis for bean production can be found too. Interestingly, as one can see in
Figures B1 and C.1 (Appendix B and C), different crops can have different risks and consequences for
yields. For example, for maize and the first perspective, sub-region 13 shows that with 71 percent
probability one can expect more than 20 dry days annually and expected crop loss would be about 90
percent. In the same sub-region, but now for bean, the risk is much larger (about 79 percent) but crop loss
lower (86 percent). For the 2™ perspective, taking the sub-region 13 again as an example, the probability
is around 80 percent and minimum crop yield of about 125 kg/ha for maize can be expected. For bean the
risk is larger than for maize (about 90%) and the minimum crop yield could be the half of the minimum
crop yield expected for maize (66.4 kg/ha). Both expected yields (for bean and maize) are insufficient to
feed the families who depend on this production for their subsistence.

As indicated, in the third perspective a stress threshold was included and only years with more than 10
dry days in its rainy season were included in the analysis. The probability of a certain year to have more
than 20 dry days in its rainy season is about 80 percent for maize and bean. However the consequences
are very different. While maize can have a yield of about 387 kg/ha, with 20 dry days in the complete
season, bean production can be expected to be around only 192 kg/ha. Also here, despite maize and bean
present different productive potentials, the expected yields are below the required amount to feed families.
Summarizing, the consequences on crop production have ranged from only small losses till complete crop
failure. Nevertheless, those consequences on crop production, presented in Figure 6, B1.2 and C, could

11
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become even worse if one considers the projections of dry days in the future. According to Polade et al.
(2014) the frequency of dry days per year for Brazilian Northeast trends to increase to about 20 more dry
days per year, over the period 2060-2089, relative to the historical period (1960-1989). Hence, the
estimates presented here can be used to perform some sensitivity tests about the potential consequences in
terms of agricultural production for the respective municipalities in the SAB for future climate which will
be discussed in more detail next.

6. DISCUSSION

This paper focused on the vulnerability and risk of crop production. In the analysis soil textural classes
and number of dry days represented some reasonable variables for determining crop production
vulnerability and risk. Based on the analysis, hotspot areas were identified which may help to prioritize
those municipalities most in need to decrease current and future vulnerability. In addition, the risk
analysis may help policy makers to choose the correct municipalities to apply actions towards mitigation
and adaptation to rainfed agriculture in a more complex setting taking both probabilities of weather events
as well as corresponding consequences into account. Surprisingly, many municipalities showed strong
dependency on climate related variables which is in accordance to similar studies done on the state level.

Considering climate change as a fact and already affecting several regions over the world (Magrin et
al. 2014) many studies have designed indices with the objective to indicate the degree of future
susceptibility or vulnerability to climatic extremes in a given region (Baetting et al. 2007; Confolarieri et
al. 2009; 2014). For example, Baetting et al. (2007) has shown that the Northern (Amazon) and
Northeastern regions for Brazil were considered as “Hotspots”, because of the high magnitude of the
expected changes in future climate. Also, the National Institute for Space Research (INPE) in Brazil has
focused on projecting changes in climate for several Brazilian regions (Marengo et al. 2009; Marengo
2009; Marengo et al. 2011; Chou et al. 2012). Using Regional climate models, those studies have found
an increase in air temperature and reduction in precipitation, resulting in increased evaporation, reduction
in water storage in the soil and deficits in the water balance. Considering the B2 scenario, the regional
warming could reach 2-3°C, up to the end of the XXI century. Regarding the A2 scenario the regional
warming could reach up to 4°C and negative rainfall anomalies were expected to be around 2.4 mm/day
(Marengo et al. 2007; Ambrizzi et al. 2007). This would cause a worsening of the aridity and therefore
will cause an increase in vulnerability.

Considering A2 and B2 scenarios as mentioned above, Confolarieri et al. (2014) designed a composite
vulnerability index to climate change in the Brazilian Northeastern Region. Although this study took into
account a larger number of indicators, some agreements between the most vulnerable regions in our study
and the index developed by Confolarieri et al. (2014) can be found. For example, the general vulnerability
index (IVG) showed that Ceara (CE) and Pernambuco (PE) states were considered to be most vulnerable
as they presented the higher IVG values under both climatic scenarios. Ceard (CE) and Pernambuco (PE)
also presented high values of vulnerability but, under current climatic condition, as one can see in Figure
6. The agreement of these studies indicate that the current and future assessments could be
complementary, increasing the confidence of results and helping stakeholders to detect hotspots and
applying efficient adaptation and mitigation actions taking into account the current and future
vulnerability. An iterative risk management approach with updated information on a continuous basis and
an ensemble of different modelling approaches and risk measures may provide a viable way forward to
target this complex issue on the policy level (Schinko et al. 2016).

It should be noted that many studies have presented different methodologies to assess vulnerability of
crop production over the world. Some by quantitative crop modeling approaches, such as Challinor et al.
(2010); Fraser et al. (2013); Simelton et al. (2012) and others by indicators such as Antwi-Agyei et al.
(2012); Lindoso et al. (2014); Xu et al. (2012). Contrary to these studies this paper highlighted the risk
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component (in terms of probability of low crop yields) and focused on the full spectrum of possible crop
outcomes. States with highest vulnerability risk indices were Ceara (CE), Piaui (PI), Pernambuco (PE)
and Paraiba (PB). Those states are also presented in other studies as critical in terms of vulnerability
according to future climate (Confolarieri et al. 2014), food security (Ibge 2013) and crop loss (Ibge 2004).
Regarding actual adaptation measures using the results found, several observations can be made. For
example, in case of food shortages, migration is the main mechanism by families to guarantee food
security, and our results could allow stakeholders evaluate several sub-regions in SAB and apply policies
to reduce the need for rural to urban migration. Confolarieri et al. (2014) point out some policies such as
the conservation and provision of water resources and government-sponsored temporary jobs to reduce
the intensity of rural migration. It should be noted that although the Brazilian Government has applied
some actions towards to adaptation, additional policies could be applied in order to subsidize crop
insurance, agricultural risk zoning, sustainable soil management and improvement of risk management
strategies. The results presented in this work can be seen as one part of the adaptation puzzle and may
help policy makers to formulate more specific adaptation policies to decrease the vulnerability of small
households whose livelihoods depend mostly on rainfed agriculture.

Furthermore, stakeholders may use the probabilistic risk analysis to estimate the effects of droughts in
each region and to prioritize emergency actions on the most vulnerable municipalities. For example, the
risk (in terms of probability) for more than 20 days without rain and estimated consequences in terms of
crop loss can be used for emergency planning. The intensity of these consequences on crop yield and,
consequently, on population, could determine the urgency and the kind of actions required. Even though
there is long experience in Brazil with emergency drought actions, advance planning is required because
the spatial and temporal patterns of droughts in the regions differ from one event to the other;
consequently, to meet the requirements of local communities it is necessary to adapt fast to current and
changing circumstances. Hence, in a next step, other components of vulnerability such as those related to
sensibility and adaptive capacity will be incorporated to improve the analysis and setting priorities. An
iterative risk management approach may be beneficial in that regard.
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Table A.1. Statistical parameters from Panel Regression considering maize production

Statistical parameters maize

Sub 1* Perspective 2" Perspective 3" Perspective

Region | p-value B Bs r? p-value B Bs r> | p-value B Bs r?
13 0.000* | 0.018 | 0.750 | 0.205 | 0.000* | -0.02 | 0.862 | 0.24 | 0.000* | -0.06 | 0.54 | 0.465
14 0.000* | 0.021 | 0.875 | 0.444 | 0.020* | -0.02 | 1.000 | 0.31 | 0.000* | -0.05 | 0.48 | 0.341
17 0.419 - 0.000 - 0.489 - 0.000 - 0.095 - 0.00 -
21 0.175 - 0.000 - - - 0.00 - 0.304 - 0.00 -
22 0.092 - 0.000 - 0.185 - 0.00 - 0.090 - 0.00 -
23 0.000* | 0.021 | 0.875 | 0.340 | 0.000* | -0.02 | 0.690 | 0.27 | 0.000* | -0.03 | 0.34 | 0.248
24 0.000* | 0.019 | 0.792 | 0.746 | 0.020* | -0.01 | 0.345 | 0.25 | 0.060 - 0.00 -
25 - - 0.000 - - - 0.000 - 0.759 - 0.00 -
27 0.001* | 0.024 | 1.000 | 0.736 | 0.030* | -0.02 | 0.690 | 0.69 | 0.012* | -0.03 | 0.26 | 0.169
28 - - 0.000 - - - 0.000 - 0.038* | -0.02 | 0.23 | 0.482
31 0.350 - 0.000 - 0.354 - 0.000 - 0.000* | -0.11 | 1.00 | 0.707
32 - - 0.000 - - - 0.000 - - - 0.00 -
33 0.012* | 0.007 | 0.292 | 0.061 | 0.020* | -0.00 | 0.276 | 0.08 | 0.000* | -0.03 | 0.31 | 0.111
34 0.420 - 0.000 - 0.482 - 0.000 - 0.010* | -0.03 | 0.29 | 0.108
37 0.882 - 0.000 - 0.820 - 0.000 - 0.000* | -0.07 | 0.67 | 0.441
39 0.772 - 0.000 - 0.503 - 0.000 - 0.039* | -0.03 | 0.28 | 0.197
43 0.025* | 0.006 | 0.250 | 0.039 | 0.030* | -0.00 | 0.276 | 0.06 | 0.000* | -0.06 | 0.57 | 0.348
44 0.086 - 0.000 - 0.939 - 0.000 - 0.000* | -0.08 | 0.73 | 0.524
47 0.324 - 0.000 - 0.075 - 0.000 - 0.001* | -0.06 | 0.52 | 0.178
48 0.450 - 0.000 - 0.649 - 0.000 - 0.000* | -0.05 | 0.47 | 0.515
51 0.511 - 0.000 - 0.999 - 0.000 - 0.000* | -0.06 | 0.54 | 0.487
52 0.642 - 0.000 - 0.667 - 0.000 - - - 0.00 -
53 0.000* | 0.021 | 0.875 | 0.439 | 0.000* | -0.01 | 0.621 | 0.28 | 0.000* | -0.05 | 0.45 | 0.343
54 0.197 - 0.000 - 0.029* | -0.01 | 0.621 | 0.43 | 0.014* | -0.03 | 0.30 | 0.143
57 0.387 - 0.000 - 0.594 - 0.000 - 0.004* | -0.05 | 0.49 | 0.407
58 0.316 - 0.000 - 0.410 - 0.000 - 0.000* | -0.05 | 0.50 | 0.365
63 0.376 - 0.000 - 0.006* | -0.02 | 0.897 | 0.33 | 0.013* | -0.03 | 032 | 0.134
64 0.140 - 0.000 - - - 0.000 - 0.000* | -0.06 | 0.56 | 0.502
73 0.500 - 0.000 - 0.941 - 0.000 - 0.964 - 0.00 -
74 - - 0.000 - - - 0.000 - 0.194 - 0.00 -
77 0.204 - 0.000 - 0.654 - 0.000 - 0.719 - 0.00 -
81 0.521 - 0.000 - 0.961 - 0.000 - 0.000* | -0.04 | 0.39 | 0.192
82 0.943 - 0.000 - 0.172 - 0.000 - 0.162 - 0.00 -
83 0.001* | 0.007 | 0.292 | 0.062 | 0.004* | -0.00 | 0.310 | 0.05 | 0.000* | -0.02 | 0.25 | 0.093
84 0.110 - 0.000 - 0.696 - 0.000 - 0.000* | -0.04 | 0.35 | 0.207
87 0.727 - 0.000 - 0.474 - 0.000 - 0.000* | -0.03 | 0.33 | 0.180
91 0.045* | 0.020 | 0.833 | 0.113 0.197 - 0.000 - 0.840 - 0.00 -
92 0.448 - 0.000 - 0.109 - 0.000 - 0.937 - 0.00 -
93 0.980 - 0.000 - 0.101 - 0.00 - 0.373 - 0.00 -
97 0.287 - 0.000 - - - 0.000 - 0.512 - 0.00 -

*p-value <0.05

s standardized Beta

- Not enough data available
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Table A.2. Statistical parameters from Panel Regression considering bean production

Statistical parameters for bean

1% Perspective

2" Perspective

3" Perspective

Sub

Region [ value B Bs 2 | p-value B Bs 2 | p-value B Bs 12
13 0.000* | 0.012 | 0.750 | 0.1 | 0.000* | -0.01 | 0.57 | 0.1 | 0.000* |-0.04 | 0.60 | 0.4
14 0.488 - 0.000 | - 0.186 - 0.00 |- 0.000* | -0.04 | 0.60 | 0.3
17 0.507 - 0.000 | - 0.513 - 0.00 |- 0.666 - 0.00 | -
21 0.970 - 0.000 | - 0.820 - 0.00 |- 0.556 - 0.00 |-
22 0.891 - 0.000 | - 0.469 - 0.00 |- 0.021* | -0.01 | 0.15 0.2
23 0.000* | 0.016 | 1.000 | 0.3 | 0.000* | -0.01 | 0.53 | 0.2 | 0.000* |-0.01 | 0.19 | 0.1
24 0.000* | 0.014 | 0.875 | 0.5 | 0.006* | -0.01 | 0.42 | 0.3 | 0.018* |-0.01 |0.15 0.1
25 - - 0.000 | - - - 0.00 |- 0.852 - 0.00 |-
27 0.739 - 0.000 | - 0.400 - 0.00 |- 0.970 - 0.00 | -
28 - - 0.000 | - - - 0.00 |- 0.068 - 0.00 |-
31 0.123 - 0.000 | - 0.898 - 0.00 | - 0.102 - 0.00 | -
32 - - 0.000 | - - - 0.00 |- - - 0.00 |-
33 0.840 - 0.000 | - 0.899 - 0.00 |- - - 0.00 | -
34 0.002* | 0.011 | 0.688 | 0.4 | 0.007* | -0.01 | 046 | 0.3 |- - 0.00 | -
37 0.428 - 0.000 | - 0.200 - 0.00 | - 0.002* | -0.04 | 0.62 | 0.2
39 0.540 - 0.000 | - 0.225 - 0.00 | - 0.032* | -0.03 {039 |0.2
43 0.015* | 0.005 | 0.313 | 0.0 | 0.075 - 0.00 |- 0.000* | -0.05 | 0.71 0.3
44 0.506 - 0.000 | - 0.734 - 0.00 |- 0.000* | -0.07 | 1.00 | 0.5
47 0.948 - 0.000 | - 0.677 - 0.00 |- 0.009* | -0.04 | 0.53 0.1
48 0.258 - 0.000 | - 0.816 - 0.00 | - 0.000* | -0.04 | 0.56 | 0.4
51 0.542 - 0.000 | - 0.957 - 0.00 |- 0.216 - 0.00 | -
52 0.219 - 0.000 | - 0.284 - 0.00 |- - - 0.00 |-
53 0.000* | 0.013 | 0.813 | 0.3 | 0.000* | -0.01 | 0.46 | 0.2 | 0.000* | -0.04 | 0.50 | 0.2
54 0.777 - 0.000 | - 0.018* |-0.01 | 0.53 |04 | 0.089 - 0.00 |-
57 0.790 - 0.000 | - 0.694 - 0.00 | - 0.120 - 0.00 | -
58 0.255 - 0.000 | - 0.518 - 0.00 |- 0.001* | -0.04 | 0.55 0.3
63 0.011* | 0.015 | 0.938 | 0.2 | 0.004* | -0.02 | 0.80 | 0.3 | 0.078 - 0.00 |-
64 0.191 - 0.000 | - 0.127 - 0.00 | - 0.000* | -0.04 | 0.52 | 0.3
73 0.157 - 0.000 | - 0.101 - 0.00 |- 0.115 - 0.00 |-
74 - - 0.000 | - - - 0.00 | - 0.125 - 0.00 | -
77 0.437 - 0.000 | - 0.067 - 0.00 |- 0.507 - 0.00 |-
81 0.648 - 0.000 | - 0.938 - 0.00 |- 0.000* | -0.03 | 0.38 | 0.1
82 0.257 - 0.000 | - - - - - - - 0.00 |-
83 0.000* | 0.005 | 0.313 | 0.0 | 0.016* | -0.01 | 0.27 | 0.0 | 0.000* | -0.02 | 0.28 | 0.0
84 0.000* | 0.016 | 1.000 | 0.5 | 0.030* | -0.03 | 1.00 | 0.3 | 0.000* | -0.03 | 0.39 | 0.1
87 0.034* | 0.006 | 0.375 | 0.2 | 0.186 - 0.00 | - 0.000* | -0.02 | 0.34 | 0.1
91 0.637 - 0.000 | - 0.569 - 0.00 |- 0.694 - 0.00 | -
92 0.879 - 0.000 | - 0.166 - 0.00 |- 0.767 - 0.00 |-
93 0.819 - 0.000 | - 0.639 - 0.00 |- 0.278 - 0.00 |-
97 - - 0.000 | - - - 0.00 | - 0.264 - 0.00 | -

*p-value <0.05

fs standardized Beta

- Not enough data available.
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Appendix B:
1
0.9
0.8
0.7
0.6
X 05
x04
a 0.3
] 0.2
>
2 0.1
3 0
& 0 10 20 30 40 50 60 70 80 90
=
2 x (Dry Days)
k=]
& —_13 —14 —24
—27 33 53
—54 —63

ISSN: 2185-8322

Sub-region P(x>20) Minimum
Crop
(Kg/ha)

13 80% 125.1
14 62% 130.6
23 72% 162.9
24 55% 136.9
27 69% 205.4
33 69% 199.5
43 83% 119.2
53 90% 193.8
54 99% 558.4
63 69% 255.7
83 66% 171.1
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Figure B.1. Risk analysis for maize.
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3" perspective
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Figure B.2. Risk analysis for maize.
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Sub-region P(x>20) Crop
(Kg/ha)
13 79% 387
14 80% 374
23 79% 416
27 79% 391
28 83% 632
31 82% 327
33 85% 251
34 89% 225
37 93% 861
39 83% 505
43 86% 319
44 89% 522
47 82% 229
48 81% 463
51 91% 682
53 89% 562
54 94% 542
57 94% 835
58 91% 625
63 95% 393
64 90% 831
81 78% 708
83 81% 408
84 88% 541
87 87% 945
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Appendix C: Risk Analysis for Bean

Sub-region P(x>20) Crop Loss

1
0.9
08 13 80% 86.0%
5t 23 65% 80.6%
v0s 24 37% 77.9%
o &03 34 54% 75.3%
> 0.2
5 01 43 75% 86.7%
§ ’ 0 10 20 30 40 50 60 70 80 90 >3 5% 76.3%
g Ronge Dry Daye) 63 70% 69.3%
o x (Range Dry Days
7 83 56% 79.9%
—1 3 23 24 —34
—_—13 53 ——§3 ——83 84 72% 87.6%
—84 —87 87 64% 80.6%
Sub-region P(x>20) Minimum
1
8'2 Crop (Kg/ha)
§ 5t 13 89% 66.4
2 A0 23 68% 67.5
g3 T o3 24 45% 71.8
Q, 0.2
z 0.1 34 50% 190.4
'gg 0O 10 20 30 40 50 60 70 80 90 53 87% 153.5
x (Dry Days) 54 7424 345.2
—_3 23— 22 34 53 63 56% 197.7
- 63 83 - 83 71% 162.7
84 88% 1923

Figure C.1. Risk analysis for bean
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3" perspective

P{x) >X

—13
—53
—43

ISSN: 2185-8322

Sub-region P(x>20) Crop

(Kg/ha)

13 79% 192

14 80% 181

22 62% 173

23 79% 208

20 30 40 50 60 70 8 90 24 80% 230
x (Dry Days) 37 93% 518

14 23 ——37 48 53 39 83% 391
e e D SR
44 89% 403

47 82% 134

48 81% 204

53 89% 343

58 91% 380

64 90% 561

81 78% 382

83 81% 395

84 88% 449

87 87% 401

Figure C.2. Risk analysis for bean.
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