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Key messages
Drought has been a major concern in Northeast of Brazil for centuries with
major socio-economic and environmental impacts, especially in its semiarid lands.
Nowadays, droughts are lasting longer and getting more severe, affecting various
sectors of society, and becoming one of the major challenges in water management in
Northeast of Brazil.
1. Lack of coordinated collaboration among not only Federal and States
governments, but also among institutions within their own jurisdiction,
create difficulties to design a drought management plan with short and
long term goals, as well as to implement the planned mitigation
measures, if they exist, when droughts develop, making it very difficult for
society to cope successfully with the occurrence of an event.
2. Climate change studies suggest the frequency, severity and duration of
droughts are likely to change in the future, which in combination with
traditional, and very often unsustainable, economic development plans for
the region, may result in a situation where the far-reaching impacts of
drought are very likely to increase across states, municipalities,
communities, watersheds and economies.
3. Emphasis on infrastructure overshadows the importance of preparedness,
such as contingency plans for specific sectors. Infrastructure should be
viewed as part of the solution, but it may become a problem if we do not
take into account the climate change scenarios in the engineering design.
4. Current efforts focus on the development and establishment of a
proactive drought management system to replace the old and ineffective
system based solely on reactive response and highly dependent on
infrastructure solutions.

1) Case study
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The Context - During an election year, the Governor of São Paulo, highly concerned
with the political costs of a possible water crisis and worried with the possibility of having
to make unpopular decisions, has denied for months the possibility of having to face water
shortages or rationing. The Secretary of Water Resources, in an attempt to reassure the
population, said that the drought would not threaten the water supply. The president of
SABESP, São Paulo’s publicly traded water and wastewater management company,
ratified his superior, saying the company was fully prepared for the drought.
Unfortunately, that was not the case, and after the elections, SABESP started another
campaign, but now to reduce water losses and improve water conservation. But it was
already too late, and the Governor was forced to ration water in the capital and
metropolitan region.
Without mentioning the year of the event and the actors involved in the short passage
above, an average Brazilian citizen, during the 2012-2018 period1, would have mistakenly
thought that the passage described the water crisis she or he was facing at the moment
of reading. The short narrative of the first paragraph, which seems to be atemporal
because of its commonality with other stories during times of drought, describes an event
that took place during the Mayoral election year of 1985. The solution adopted by the
Government of São Paulo at that time was to resort to the Cantareira Reservoir System,
which was built in the early 1970s to supply water to the Metropolitan Region of São Paulo.
Less than thirty years later, the water crisis of 2014-2015 has been triggered by the low
levels of the Cantareira System, the solution of the 1985 crisis.
The 2014-2015 problem also took place in the midst of an election campaign, but for
President and Governor, and although it closely resembled the 1985 water crisis, decision
makers seemed to be unaware of the mistakes made in the past, and started making
decisions that suffered from the same flaws of the previous crisis: lack of transparency in
the communication with the population. The Cantareira System reached its dead volume,
or rather its "strategic reserve" or "technical reserve", euphemisms used to disguise the
lack of preparedness to such critical events. At some point, without admitting that water
rationing was being practiced, water managers started a rotation of service outages by
providing different sectors of the city water only on a given number of days per week.
All this effort to avoid disclosing the magnitude and gravity of the already installed water
crisis is due to the great difficulty politicians have in taking on the problem in front of
society, particularly in election years. In the 2014-15 crisis, a greater difficulty arose: the
electoral dispute was highly polarized between the parties of the President and the
Governor of São Paulo, both running for re-election. This led to an exchange of
accusations about the responsibility of the problem experienced by the population.
After the re-election of both the President and the Governor, new actors of renowned
technical excellence were chosen to occupy the posts of Secretary of Water Resources
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and President of SABESP. Then, another campaign phase has begun to convince the
population that there was no way the drought the population experienced could had been
predicted2 and that they had been prepared to face the worst scenario, although they kept
avoiding terms such as rationing to describe the water shortages experienced by the
population. Despite these nuances, the strategies adopted in response to the crisis were
characterized as good policies, such as the diversification of water sources to meet the
needs of the Metropolitan Region of São Paulo, reduction of pressures in the supply
system, and the bonus program for those who saved water, with major impacts on demand
reduction.
The drought also hit the Metropolitan Regions of Rio de Janeiro and Belo Horizonte during
the same period, both located in the Southeast of Brazil, like São Paulo. The Northeast
Region was already facing a long- lasting drought from 2012 until 2018. The crisis in the
Southeast was not only hydrological but also humanitarian. Therefore, it would require
long-term vision and an effective drought preparedness program. To a certain extent, it
can be said that the problems listed for the Southeast were also observed throughout the
country and, therefore, are themes and challenges of a national nature.
In the Northeast of Brazil (Figure 1), on the other hand, a region much more used to
experience droughts, the heavy investments made in water infrastructure along the 1990s
and in the early 2000s were perceived as a definitive and effective response to the impacts
of droughts, but the recent multi-year drought (2012- 2018) proved otherwise. Today it is
evident that improving infrastructure is only part of a much broader set of measures to
ensure water security, including the assessment of vulnerabilities and the planning for
specific contingencies of each sector and systems.
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Over this period, major cities were affected by water scarcity.
Although the authors doubt anyone even considered the forecast issued then, the forecast indicated 25%
of chance of a rainy season below the average. This probability is very significant, especially considering
the very low level of the Cantareira System when the forecast was issued.
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Figure 1: Location of Northeast Region (shaded area) and semiarid (orange) of Brazil.
(Data from Fundação Cearense de Meteorologia e Recursos Hídricos – FUNCEME,
Fortaleza, Ceará, Brazil, 2015. Based on IBGE, 2007; MMA, 2007).

4

After this initial introduction, whose goal is to remind all of us that the problem goes well
beyond the technical aspects of drought management, we continue with a brief
description of the physical and socio- economic characteristics of the Brazilian Northeast,
with focus on its semiarid region, whose citizens have been exposed to a myriad of
impacts as a result of long and severe droughts that happened and are expected to happen
more frequently and severely in the future.
Physical description - The Northeast region of Brazil is well known for its severe and
prolonged droughts, which helped build its national image of a land where water is scarce,
even though water scarcity is a challenge faced by many other regions in Brazil.
Even though 1583 is the year of the first record of drought in the region (Campos, 2014),
these events only began to be systematically registered in the 19th century. The first
occurrences were noted in connection with their associated impacts, while more recent
ones are based on meteorological observations. Among these historical events are the
droughts of 1877-79, 1888-89, 1898, 1900, 1903, 1915, 1919-20, 1931-32,
1942, 1951, 1953, 1958, 1970, 1979-83, 1987, 1992-93, 1997-98, 2002-03, 2010 and the
most recent one,
2012-2018.
The average annual precipitation in the region is around 750 mm/year, not a small value
when compared to other arid and semiarid lands in the world, but the annual amount is
concentrated in a short wet season of three to five months with large spatial heterogeneity
and a highly intense rain events. Its location near the Equator and the relatively low
cloudiness observed in most of the year explain the substantial number of sunshine hours
(around 3,000 hours/year), high temperatures all over the year, and low relative humidity
in the countryside, which result in a rate of evapotranspiration around 2000 mm/year and
negative water balance during most of the year. Besides, the semiarid land, which covers
about 60% of the region, has developed from crystalline rocks, resulting in shallow and
poorly permeable soils that are subject to erosion and present limited crop production. All
these factors combined result in intermittent rivers that flow during only 2 to 3 months of
the year.
An average precipitation for the whole region, computed over many years, provides a
misleading picture of the situation. The Northeastern region frequently faces sequences
of dry and wet years. The spatial- temporal climate variability observed in the region is
strongly related to large-scale atmospheric circulation and ocean-atmosphere interactions
in both Atlantic and Pacific oceans (Molion and Bernardo, 2002; Kayano and Andreoli,
2009). In the Southern part of the semiarid land, the wet season spans from November to
December and precipitation is caused mainly by cold fronts that interact with local
convection processes. In the Northern part of the region, the wet season is concentrated
in the period between February and May and is closely linked to the position of the
Intertropical Convergence Zone (ITCZ). Although the El-Niño Southern Oscillation
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(ENSO) phenomenon plays a very important role in the region (Hastenrath and Heller,
1977; Kousky et al., 1984; Ropelewski and Halpert, 1987; Aceituno, 1988; Kayano et al.,
1988; Kiladis and Diaz, 1989; Rao and Hada, 1990; Uvo et al., 1998; Kayano and
Andreoli, 2007), the Atlantic Ocean has also a relevant contribution to the observed
annual precipitation variability (Markham and McLain, 1977; Hastenrath and Heller, 1977;
Moura and Shukla, 1981; Hastenrath, 1984, 2000; Wagner, 1996; Andreoli and Kayano,
2007).
Socio-economic description - This section with a description of the socioeconomic
aspects of the region was based on a compilation of the information provided in CGEE
(2016). In 2010, there were more than 34 million people living in areas either susceptible
to desertification or severely impacted by droughts in the region. During the period 19912010, the region has experienced a 22% increase in population, with a 49% increase in
urban areas and a 12% reduction in the rural parts of the region, suggesting a
considerable internal migration. Most of the approximately 1,400 municipalities in the
region have observed a reduction in population due to migration and reduction of birth
rates.
The region’s older population, which has increased during the 1991-2010 period,
contributes to poverty reduction because of pension and other social security benefits,
which may represent something between ⅓ to ½ of the household income, depending on
the municipality. Although the dependence ratio, a metric defined as the number of people
either age zero to 14 or over the age of 65 and the population aged 15 to 64, has
diminished , it is still quite high, approximately 0.57.
The average Human Development Index (HDI) in the region was equal to 0.595 in 2010,
below the average national level of 0.727, even though it has almost doubled during the
1991-2010 period. No municipality had an HDI larger than 0.800. Despite the significant
improvement in education over the years, most metrics still show the education in the
region is worse than the nation’s average. Only 68% of children under the age of five
attended preschool, while only 62.9% of the young people (age 15-19) attended 10-12th
grades in 2010. The expected number of school years for people of age 18 was 9.0 in the
region and 14.2 in the country as a whole. In that same year, most of the municipalities
in the region had a literacy rate between 60 and 80%, while the country had an average
literacy rate of 90%. A similar pattern is observed with respect to health, where it is
possible to see significant improvements over the last twenty years, but still behind
average national levels. For instance, the region experienced an improvement of the
deaths of children of age one year or less per 1,000 live births, from 70-80 in 1990 to 1932 in 2010. But it is still larger than the nation’s average of 16.7 deaths per 1,000 live births.
During the same period, life expectancy also rose from 59.3 to 70.8 years, while in Brazil
the average is 73.9 years.
The household income per capita in the region in 2010 was US$164.00 (exchange rate of
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US$1.00 = R$1.75 in August, 2010) in 2010, 36% of the nation’s average value, resulting
in very high vulnerability to the occurrence of droughts. 40% (65.3 %) of the individuals
were considered poor (vulnerable to poverty) because they lived in families in which the
household per capita was less than US$80.00 (R$145.00) per month. Between 1991 and
2010, the proportion of those who are poor and vulnerable to poverty fell 48% and 28.5%,
respectively. The reduction in poverty levels was largely due to an increase in income
transfer programs, such as Bolsa Família, and social security. About 42% of households in
the region were benefited by such programs.
Governance - Most of the measures adopted by Government over the past to deal with the
occurrence of drought in the region can be characterized as a reaction to the occurrence of
a severe drought. Investments in the so-called hydraulic solution, such as constructions of
dams, canals, pump stations and wells were, and still are, the most common measure
adopted by Government and the decision is often made during and after the occurrence of
long and severe droughts that result in large social and economic impacts.
Magalhães (2017) provides a detailed description of this process, which includes not only
investments in water infrastructure, but also the creation of different federal institutions to
deal with droughts and their impacts in the region. The Inspectorate of (Public) Works against
the Drought (IOCS), created in 1909 having the U.S. Bureau of Reclamation as a model, is
the first example, and this institution is still responsible for the management of dams and
reservoirs in the region, but now under a different name (DNOCS). In the 1940’s and 1950’s,
the inclusion of socioeconomic development in the list of measures to reduce vulnerability to
drought resulted in the creation of important institutions, such as CODEVASF, responsible
for the development of the São Francisco River Basin and created based upon the
Tennessee Valley Authority of the United States (TVA), Banco do Nordeste (1952), which is
in charge of financing economic activities in the region, and SUDENE (1959) to promote
development of the region and ameliorate drought impacts. In the 1990’s, the country
reformulated the legislation concerning water management, with a strong incentive of
participation of society in the decision making process, and the creation of mechanisms to
manage water supply and demand. This change also allowed states to develop and
implement their own water resources management systems.
Besides the measures described above, which are designed to reduce vulnerability, during
the occurrence of a drought, the government needs to take some emergency measures to
alleviate the suffering of those that are impacted by the event (Magalhães and Martins,
2011). Federal and state governments have been using a myriad of emergency measures
that are listed and briefly described in the sequence. More details can be found in Gutierrez
et al. (2014) for National (Brazil) and State (Ceará) levels.
Some measures are taken to provide water for human consumption and/or production:
(1) use of tank trucks to transport water from a reservoir or deep well to those in need who
live far from these sources of water;
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(2) construction of rainfed water cisterns;
(3) recovery and construction of wells;
(4) construction of dams, canals and pumping stations;
(5) construction of deep wells with large flows in sedimentary deposits.
Some other measures are specifically designed to help farmers: (1) "Garantia-safra"
(harvest guarantee), which is a grant given to farmers that lost at least 50% of their
production; (2) "Bolsa-estiagem" (drought allowance), a benefit given to small farmers; (3)
subsidy to reduce the price of maize for animal feed; (4) expansion of credit to farmers,
traders and industry sector; (5) renegotiation of farmers’ debt.
2) Drought Characteristics
a. Frequency and severity of droughts

As it has been said before, the region has been suffering with droughts for centuries. The goal
of this section is to provide a brief description of droughts in the recent past, describe the most
recent and longest drought that hit the region in the period 2012-2018, and supply some
findings regarding both trends in drought indices and climate prognostics for the region,
including possible impacts in different sectors of the economy.

Brito et al. (2018) provides an analysis of duration, frequency and severity of droughts that
hit the region in the period 1981-2016. Their analyses, based on the 12-month Standardized
Precipitation Index (SPI-12) and the Vegetation Health Index (VHI), show that almost the
entire region has observed at least 10-15 drought events3 during the 1981-2016 period, with
some areas in the Central-South part experiencing 20- 25 events during these 36 years.
These events vary in terms of duration and severity. In the first twenty years (1981-2001),
droughts were more localized and not very long when compared to the remaining years,
although some regions have experienced short but severe droughts. For instance, during the
period 1986- 1991 (1991-1996), the south-southeastern (central-eastern) part of the region
experienced severe droughts with 40-50 months in duration. Later, in 1996-2001, the
northeastern part of the region observed short (20- 30 months) but severe droughts. The last
fifteen years (2001-2016) presented a more widespread occurrence of droughts, especially in
the period 2011-2016, when all states experienced the worst drought in decades. In this last
quinquennial, more than half of the area experienced very severe droughts with more than
50 months in duration.
A more recent study (Pontes Filho et al., 2020) presents a statistical analysis of the 2012-2018
drought with focus in the 12 hydrographic regions of the state of Ceara. Using a methodology
based on Copulas, they carry out a bivariate frequency analysis employing two
characteristics: duration and severity. They conclude the 2012-2018 has the highest mean
bivariate return period in the record with long persistence, substantial severity and large
spatial coverage. The mean return period when both duration and severity are taken into
account for the 12 regions within the state was 240 years, with a maximum value of 499
estimated for Serra de Ibiapaba, located in the west part of the state. For the sake of
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comparison, the 1951-1956 and 1978-1983 droughts had a mean return period of 145 and
135 years, respectively. In terms of duration (severity) only, the 2012-2018 drought is
associated with a return period of 169 (141) years, with a maximum of 465 (275) years for
the Baixo Jaguaribe region (Alto Jaguaribe region in the south part of the state).
Figures 2 and 3 illustrate drought events for the state of Ceará. Figure 2 presents the
dynamics of the SPI (1-36 months) over the years and one can see the occurrence and
compare the duration and severity of some droughts that hit the state in the period 1974-2020.
Figure 3, on the other hand, provides an idea of the inter and intra-variability of the regionallyaverage monthly precipitation, as well as the respective climatological values, in the state of
Ceará during the period 2007-2020. Figure 4 provides an idea of the spatial variability that
occurs in a normal year year for the state. For February to May of 2018 (main rainy season),
this late figure shows negative deviations for the central region of Ceará state, where are
located the most important reservoirs. This high spatial variability can be observed even in
rainy years.

3

Drought starts when SPI-12 < -1 for two consecutive months and ends when SPI-12 > 0.
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Figure 2: Standardized precipitation index from 1 to 36 months, from 1973 to 2020.
Source: FUNCEME (2020). Note: The warm colors represent periods of drought in the
state of Ceará.

Figure 3: Intra- and inter-year distribution of rainfall for the state of Ceara for the 20072020 period. The years in which the rainy season (Feb-May) was below, near, and above
the average are presented in red, gray, and blue, respectively. The monthly climatology
is presented in black at the right side of the figure. Source: FUNCEME (2020).
Projections from global climate models have broadly indicated increases in drought for
the Northeast. However, few studies have detailed the potential impacts of a warmer
world specifically on the climate, hydrology, and socioeconomic conditions of Northeast
Brazil (e.g. Martins et al, 2013; SAE, 2015). The evaluations show that broadly, the
Northeast Region would experience reductions in mean annual precipitation combined
with increased mean annual evapotranspiration, ultimately suggesting an increased
likelihood of droughts over the coming decades in the region. These increases would lead
to reductions in surface runoff and flow. These findings show greater future water scarcity
in the basins, with important impacts on water allocation, as highlighted by significant
10

percentage reduction in guaranteed flow rates.
b. Recorded and expected direct and indirect socio-economic and environmental

effects
When a drought hits the region, many different impacts are felt due to the lack of water
for human consumption, rainfed and irrigated agriculture, and livestock. The economic
losses due to the reduction in agricultural and livestock production is very important for
the region as a whole, especially for the most vulnerable, but there are other social and
environmental impacts that are also substantial, such as increase in unemployment rate,
raise of hunger level in more vulnerable communities, growth of the number of cases of
water-related diseases due to the poor quality of water supplied to the population,
migration of the most affected and vulnerable people from rural areas to large urban
centers, and aggravation of land degradation (Magalhães, 2017).

Figure 4: Rainfall Deviation (%) for the
period February to May of 2018. Although
the total precipitation for the state in the
period was very close to the
corresponding average for the period, the
semiarid region is marked by a high
spatial variability of rainfall. Source:
FUNCEME.
The 2012-2018 drought led to devastating widespread impacts on water storage,
agriculture, livestock, and industry (CGEE, 2017). In the of 2016, solely in the state of
Ceará, 39 out of 155 monitored reservoirs completely collapsed (empty), another 42
reached their minimum operating water level, which means water was accessible only with
a dedicated pumping system in place, and 52% of the State’s municipalities experienced
water supply interruptions. In December of 2018, the water stored in the state’s reservoirs
represented only 10% of the total storage capacity, estimated to be 18.6 billion m3.
Although water stored in reservoirs doubled from December 2018 to December 2019, the
main reservoirs in the state (Banabuiú
= 7.65%, Orós = 8.44%; Castanhão = 5.01%) remained at critical levels, mainly due to
the rainfall deficits over their basins during the normal years of 2017-2019. Given the
critical situation, the Water Resources Management Company (COGERH) implemented
very strict water allocation rules in 2019, assigning 75% of the water stored for human
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consumption, 16% for agriculture and 7% for industry.
c. Civil unrest and conflicts

Even with a negotiated water allocation process implemented in the region, during this
multi-annual drought (2012-2018) several water conflicts have been registered in the
states. For the most part, these conflicts are local, which means they are related to a
specific water system or reservoir. Pinheiro (2002) classified the typology of the observed
conflicts during droughts in the region according to three classes: 1. Financial
Compensation; 2. Conservation of Water Resources, and 3. Control of Water Resources
Use. The most common typology is associated with the last class and the conflicts are
related to illegal water abstraction, illegal construction of hydraulic works along the river
and reservoir water releases. Figure 5 shows the conflicts occurred in the Medium
Jaguaribe hydrograph region in Ceará between 2012 and 2015. In some of these conflicts,
law enforcement was requested to secure defined releases in the water allocation process.
Also, in 2017, still feeling the long-term effects of the multi-annual drought, the Water
Resources Council of the state of Cearáoverturned a decision made by the Medium
Jaguaribe basin committee, since it did not observe the limits for local use defined by the
water agency. This limit in water use was imposed in order to secure the needed water
transfer to the Metropolitan Region of Fortaleza. This created resentment from local users
with the agency as they felt they were being overlooked in relation to the Metropolitan
Fortaleza (RMF), where no water saving efforts had been implemented. In fact, the
reduction of consumption for the RMF was achieved through the use of measures such
as increasing water tariff and reducing pressure in the water distribution network.

Figure 5: Location map of conflicts in
the basin between 2012 and 2015
(Adapted from Almeida, 2015).

Final thoughts on the 2012-2018 drought - The drought that hit Northeastern Brazil
during the 2012-2018 period exposed several problems that made it difficult to provide a
concerted and adequate response. Martins et al. (2016a) discuss this point and present
a list of such problems: inadequacy of institutional capacity (e.g. lack of qualified human
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resources); myopic view of the problem in the political arena due to very short-term
perspectives (e.g. lack of transparency4 and media); infrastructure vulnerability (e.g.,
insufficient reservoirs built to ensure ever-increasing demands); logistics (e.g.,
decentralized storage of corn for distribution); weakness of institutional articulation
between administrative spheres (e.g., drought mitigation programs designed in a
disarticulated manner).
It also became evident during the event the role that social protection and drought relief
programs played in terms of mitigating the social effects of a drought, such as exodus,
looting, hunger, among others. These social effects were not felt in the region, except for
the conflicts described before, although there was a fear that they could occur eventually
during this period by the combined effect of the drought and the economic crisis.
The crisis of the magnitude of the 2012-2018 drought provides an opportunity for drought
policy to get the spotlight into the political agenda, creating an opportunity for better
structuring and preparing the sector to face droughts. It remains, therefore, to take
advantage of this learning.
3) Existing and Potential Management/Mitigation and Adaptation Options

The heavy investments in water-related infrastructure in previous decades (1990-2010)
have given the false sense of a definitive solution to tackle droughts, regardless of their
severity, at least in terms of water security. However, this latest multi-annual drought
made it clear that the solution should not only be based on improving infrastructure, but
also on identifying vulnerabilities and planning specific contingencies in each sector and
for each specific water management system.

This recent long drought has led to a dialogue in Brazil concerning how to improve drought
policy and management (Martins et al, 2016a). The need for a better coordinated
government response to the occurrence of droughts, involving all three administrative
levels (federal, state, and municipal) not only in a short-term reactive form, but also a
longer-term proactive one, has led Brazil to push for a more structured and proactive
National Drought Policy observing the cycle of disaster risk management (Figure 4). The
idea then was to work using a three-pillars framework as shown in Figure 5 (Wilhite et al.,
2005). The information is presented within the three pillars in the format of the analytical
framework categories i.e.,
(1) monitoring and early warning/ prediction; (2) vulnerability/resilience and impact
assessment; and (3) mitigation and response planning (Gutierrez et al., 2014).
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Figure 4: The cycle of disaster risk management. The typical reactive and crisis
management emphasis of droughts is noted in red on the bottom half of the figure,
whereas the paradigm shift needed toward more proactive risk management and drought
preparedness is noted in the top half of the figure in blue. Source: Figure provided by
Donald Wilhite, University of Nebraska, Lincoln.

Times of political transition can affect drought response due to public finance. In 2013, for
example, the new elected Mayor did not have access to the resources available to respond
to the ongoing drought initiated in 2012 (Martins and Magalhães, 2015).

4
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Figure 5: The three pillars of drought preparedness that support a paradigm shift away
from reactive crisis management and toward more proactive approaches to drought
events. Source: Gutiérrez et al., 2014.
Drought Prediction - Developing reliable forecast systems that are able to either describe
the future spatial- temporal development of a drought that is already in place or identify
the onset, severity and spatial extension of a future drought in a region that is in a state
of normality is a very important step to establish a drought risk management plan. There
are many examples of such attempts in the world, such as in North America (Steinemann,
2006; Shafiee-Jood et al., 2012; Wood et al., 2015), Europe (Cancelliere et al., 2006;
Lavaysse et al., 2015; Prudhomme et al., 2015; Werner et al., 2015), Austrália, including
attempts in the Brazilian Northeast (Souza Filho et al., 2003; Sun et al., 2005; Canamary
et al., 2015; Pereira et al., 2015).
The potential benefits of such systems for drought risk management are obvious. Climate
forecast systems can provide value information, albeit uncertain, on several aspects of a
drought, giving managers and decision makers time to put in place the necessary and
previously planned measures, which can reduce the economic, social and environmental
damages due to the occurrence of a drought. We continue with a brief description of the
development of such systems for the Brazilian Northeast.
In the late 1990s, some meteorological institutions in Brazil, including the CPTEC/INPE
and FUNCEME, were committed to develop a climate forecast system for the region. Such
efforts culminated in the first climate outlook forum that took place in Fortaleza in 1999.
In the early 2000s, the idea that the use of climate precipitation forecast could be
beneficial for water resources management was getting strong and the State of Ceara
decided to make the needed investments so FUNCEME could take its first steps in the
path of climate numerical modeling. In 2001, the International Institute for Climate and
Society Research (IRI), Columbia University, and FUNCEME jointly pioneered a truly
operational system to downscale the climate forecasts provided by the Global Climate
Model (GCM) ECHAM4.5 run at IRI. Over the years, different numerical and statistical
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climate forecasts systems have been developed for the region and their forecasts
presented during the outlook forums, but little attention was given to them. In fact, the
official climate outlook forum for the region was a result of the consensus of experts until
January of 2012.
In January of 2012, during the discussions that normally precedes the issuing of the
consensus forecast for the February-May season, Martins (2012) presented the
motivation for the implementation of urgent changes in the climate prediction system in
face of so many lost opportunities in previous years of effective use of information by
various user sectors. Martins (2012), analyzing the Consensus forecasts between 2001
and 2012, issued in January for the rainy season of Feb-May, showed, among other
results, that in 80% of the times the consensus forecast indicated that the most likely
category was the middle tercile (“around the average”), which was far off, probabilistically
speaking, the observed categories over the same period. The proposed changes were
then heading towards an objective system based only on numerical climate model
forecasts and their respective performance in previous years. Among the arguments
used, it was listed:
➢ Complexity of the problem, in this case, seasonal climate prediction;
➢ Poor understanding of basic concepts of probability and statistics;
➢ Involvement of the forecasting team with the final user. The state met services'
professionals work on both climate and weather forecasts. They receive calls from end
users regarding weather forecasts and, depending on the degree of desperation of the
user, they are compelled to give hope regardless what the forecast system is indicating;
➢ Political agenda of the moderator conducting the meeting, who may try to impose his
or her vision on the discussion group;
➢ The experts' group produces forecasts only for areas where the models have forecast
skill, not indicating any information for areas where the numerical models have no skill;
➢ Negotiation process to reach the consensus may lead to forecasts quite conservative.
There is a tendency to hedge the forecasts towards highest probabilities on the normal
category, presumably to avoid misinterpretation as the forecasting being in error by two
categories. This was also identified in other Outlook Forums (Mason and Chidzambwa,
2008);
➢ Forecast format unsuitable for the decision making process - need for specific products
for each user sector;
➢ Or a combination of the above.

For motivations linked to the personal political agenda, which is usually accompanied by
one or more of the first three causes, there is little to be done to improve the system in
this scope, since the motivation is not only technical. With these motivations in mind,
FUNCEME started using in Jan/2012 a forecast system based only on numerical models
and from then on to invest heavily in improving the model-based forecasting system,
attracting national actors to the initiative.
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The directors of CPTEC/INPE and INMET, understanding the need for change, welcomed
FUNCEME's proposal (Martins, 2012) and decided to form a Working Group to define the
methodology of combining models of the three institutions to reach the tercile
probabilities, now in an objective fashion. It went operational in July/2012, initially only
with the climate models from INMET and CPTEC/INPE being added to the new system.
FUNCEME started in the beginning of this same year to setup an independent climate
forecast system that included the ECHAM 4.6 Global Climate Forecast Model (GCMs)
and the regional climate models, forced by the first: the Regional Spectral Model (RSM
versions 97 and 2008) and the Regional Atmospheric Model System (RAMS vs 4.4).
Previous to Jan/2013, the RCMs of FUNCEME were forced by ECHAM4.5 runs supplied
by International Research Institute for Climate and Society (IRI) in the context of a
collaboration project between the two institutions. Today the FUNCEME’s runs are part of
the National Multi-model Ensemble initiative that includes the national climate statistical
model by INMET, three GCMs’ runs by CPTEC/INPE and the ECHAM 4.6 run by
FUNCEME.
The importance of this forecast system for droughts is also evident in rainy years such as
2008 and 2009, as they can modulate the operation of reservoir systems that guarantee
water for various uses for several years. In particular, 2009 imposed a difficult decision
between just following the existing flood control plan for the largest reservoir in the state
(Castanhão Reservoir) or making use of the climate and weather monitoring and
forecasting systems to maximize the water storage in the end of the rainy season. In that
year, the latter was implemented and the extra water storage in the reservoir allowed us
to have guaranteed water for the Metropolitan Region of Fortaleza, the 4th largest city in
the country, during the entire period of the multi-annual drought 2012-2018.
The use of these climate forecast products in the decision making processes of water
resources and agricultural sectors, both highly sensitive to climate variability, is not direct
or trivial. In order to internalize the potential value of these forecasts, it is imperative that
user-oriented products are created so sector- specific information is provided at the most
appropriate moment.
With the water resources and agricultural sectors in mind, FUNCEME has developed two
products based on the information that are available in the operational climate forecasts.
One provides monthly and seasonal inflow forecasts for the largest reservoirs in the state
in order to assist the water allocation process that takes place at those sites. This climate
streamflow forecast system became operational in 2006. The other product, not
operational yet, aims at forecasting maize yields for different regions of the state of Ceará
based on the forecast of wet and dry spell statistics.
The climate streamflow forecast system uses a variety of linked models. Seasonal climate
forecasts provided by the General Circulation Model ECHAM 4.6 are used to feed two
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regional atmospheric models, the Regional Spectral Model (RSM) and the Regional
Atmospheric Modeling System (RAMS), that provide an ensemble of monthly and
seasonal regional precipitation forecasts for the State. These precipitation forecasts are
then interpolated into a finer resolution grid to estimate the monthly-averaged basin
precipitation. A bias-correction procedure is applied to these forecasts so they can be
used by a conceptual lumped hydrological model to generate an ensemble of monthly and
seasonal streamflow forecasts for several sites within the State (Reis et al., 2007). These
inflow forecasts issued in January are presented during the meetings that take place in
the beginning of the year to revise the water allocations that were established in July of
the previous year for each reservoir in the region, when the wet season ends and the
storage of water is known. In January, new decisions can be made and these forecasts
are presented to decision makers and stakeholders.
The forecast of maize yield is based on the idea that maize yields can be affected by both
wet and dry spells. The strategy is to forecast a drought index, which is a weighted average
of the lengths of the forecasted dry or wet spells using the scheme introduced by Sun et
al. (2005, 2007). Then, use the forecast of the drought index to predict the maize yield
based on empirical relationships obtained from historical records. An evaluation study
(Pereira et al., 2015) showed that the wet and drought indices computed with the climate
precipitation forecasts were able to describe the spatial-temporal variability of the observed
wet and drought indices in the state. Moreover, it was shown the index based on wet
spells was highly correlated with the maize yields over the Sertão Central region, the
driest and poorest in Ceará. These results are very reassuring and show that there is more
relevant information in the climate precipitation forecasts than were previously thought,
and the use of a new drought index based on dry or wet spells can be used to assist
decision makers in the agricultural sector.
During the climate outlook forum that took place in January of 2015, there was some
evidence, based on long-term forecasts of sea-surface temperature, that the drought that
had been hitting the state since 2012 could persist in 2016. Despite the large uncertainty
contained in this sort of prediction, decision makers in the Government were interested to
discuss the issue more carefully because the situation at that time was already critical.
They took the possibility of having two more consecutive years of drought very seriously
and decided to act preemptively by preparing a very large bidding process that ended up
being key to mitigate the impacts of droughts in the following years. The construction of
about 6,000 wells wouldn’t have been possible if the Government had not listened to the
climate information available. Although this can be viewed as a successful example of the
use of climate information to make relevant decisions, it is very reasonable to suppose
the communication between scientists and policy and decision makers would not be so
effective if at the moment of the decision the impacts of the drought were not noticeable.
Drought monitoring - The context of the 2012-2018 period has stimulated a dialogue
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already known within the country to improve drought policy and management. The need
for a more articulated state response to droughts, involving all of its administrative spheres
- federal, state and municipal - and not only in the form of an emergency response to
droughts, but also with a long-term perspective, led the Ministry of National Integration at
the beginning of this period to think about a more structured formulation of the country's
National Drought Policy (De Nys et al., 2016). In the past, it has been observed that this
conversation gains or loses relevance because of the drought cycle, with only some
incremental progress being made towards more proactive drought management. Initially,
due to the complexity of the issue, the government decided to concentrate efforts on the
first and most fundamental pillar of drought preparedness, the monitoring of droughts, as
well as three Drought Preparation Plans for manageable systems to establish proof of
concept (Pilots for Urban Supply, Water Resources and Rainfed Agriculture).
The monitoring model chosen was inspired by the drought management efforts in both
Mexico and the United States, which brings together information from federal and state
institutions to produce a single map, initially monthly, of drought conditions for the region
(Martins et al, 2016bc). This model requires intense articulation between state and federal
institutions, which is why it was decided to start initially with the Northeast Region, and
now expanding rapidly to the rest of the country. The participatory and collaborative
process represented a significant challenge to a country not so used to such concerted
initiatives, and to the integration of all the relevant regional databases, thereby permitting
calculation of different drought indicators, and brought together auxiliary products from
other information sources such as remote sensing.
The Drought Monitor went operational in July of 2014 with focus in the Northeast Region,
having then FUNCEME as Central Institutional and using Climate/Water Institutions
Network already established in the region (e.g. Northeast Outlook Forums started in
1999). In February of 2017, a Cooperation Agreement involving Federal University of
Ceará, FUNCEME and National Water Agency (ANA) was signed, transferring the leading
process to ANA with the support of FUNCEME and UFC. Figure 6 shows the type of actors
involved at the state level (Climate, Agriculture, Water and other institutions) and also the
changes in the leading role to guarantee the formal involvement of institutions at the
federal level.
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Figure 6: Drought Monitor process involving at state level institutions from (C)limate,
(A)griculture and (W)ater sectors and (S)takeholders/Users (Civil Defense, Environment
Agency and other stakerholders). The figure also shows the start and the current status
of the Drought Monitor, first having FUNCEME as Central institution from July of 2014 to
February/2017, when ANA assumed this role. Source: FUNCEME.
The Monitor, under ANA leadership, started to expand and other states are already in the
process (11/2018: Minas Gerais; 04/2019: Espírito Santo; 12/2019: Tocantins; 06/2020:
Rio de Janeiro). Currently, Goiás states are in the training phase, while others have either
accepted the invitation to participate in the initiative or are already in the diagnostic phase
(Mato Grosso do Sul, São Paulo, Paraná, Santa Catarina and Rio Grande do Sul). In the
same way as the process and the institutional cooperation that support it, the map (final
product of monitoring) aims to improve the definition and common level of awareness and
understanding regarding droughts, as well as to increase the efficiency and effectiveness
of public policy responses to assist the population.
Contingency Plans - The Drought Monitor reflects Physical or Natural Drought, while
water scarcity5, also intrinsically linked to manageable systems, should count on additional
information to the map. A pilot program was then established for the region with case
studies for the Urban Supply, Water Resources and Rain-fed Agriculture sectors, having
as its main goal to establish the connections between the Drought Monitor in its physical
dimensions (meteorological, hydrological and agricultural) and the Drought Preparation
Plan for the manageable systems. Although the Drought Monitor provides important
information for the plans, its information only is not sufficient for Drought Preparation
Sectoral Plans, since scale and specific characteristics of such sectors play an important
role in the elaboration of these plans.
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The plans served to demonstrate the use of concrete tools and strategies for proactive
drought management through the design and development of the Drought Preparation
Plans. The relationship between the Drought Monitor and the Preparation Plans depends
on how the physical drought, represented by the Monitor, is closely related or not to the
operational drought, indicated by the Preparation Plan. For example, this relationship is
much stronger in the Rain-fed Agriculture Preparation Plan, whose operational drought is
highly related to the drought indicated by the Monitor, than in the other plans
aforementioned.
The Northeast Pilot developed five case study preparation plans within three different
contexts or sectors (De Nys et al., 2016 for specific details on each plan): Water Utilities
(Jucazinho System/Pernambuco State, Metropolitan Fortaleza/Ceará State), Watershed
Planning (Piranhas-Açu Basin, Rio Grande do Norte/Paraíba States), multipurpose
hydrosystem (Jucazinho Reservoir, Pernambuco State); and Rainfed smallholder
Agriculture (Piquet Carneiro Municipality, Ceará State). These plans sought to make the
elements of drought preparedness accessible to decision-makers and demonstrate the
value of the paradigm shift to proactive drought management. The case study teams and
local partners sought to consolidate each plan in terms of design and its implementation
having the "three pillars" in perspective, making the links between the drought
categorization (D0-D4), in the context of specific policy and management actions,
triggered by these categories in the drought preparedness plans. As already mentioned,
for some cases of study the drought monitoring system should be tailored to the case of
study itself due to scale issues and because they involve aspects beyond the drought
natural phenomena.
The National Water Agency (ANA), Federal University of Ceará and FUNCEME, as a
follow up of the Drought Preparation Plans pilot efforts, initiated other cases of study in
the Northeast Region: 1. Urban Supply (Caicó and Sousa, Paraíba State); 2.
Hydrosystems (Engenheiro Avidos-São Gonçalo and Curema- Mãe D’água). The State
of Ceará, through its Agriculture Secretary and supported by FUNCEME,
It is important to distinguish between drought from water scarcity. Drought is a natural
phenomenon, while water scarcity is the lack of sufficient available water resources to
meet the demands of water uses within a region. The Monitor represents the drought
with natural causes, while intending to include also some information on the human
influence on water availability.
5
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implemented other six plans focused on the Rainfed smallholder Agriculture
(Quixeramobim, Campos Sales, Salitre, Sobral, Irauçuba and Tauá).
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