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Preface

BRAMAR Project - Water Scarcity Mitigation in North-East Brazil

Preface

This book was written as a culmination of the joint efforts and results of many researchers involved in
BRAMAR project. BRAMAR was a research project aimed at strategies for mitigating water scarcity in
North-East Brazil and was funded both by the German and the Brazilian ministries of research. As some
might know, it is a long way from the first concept of an international research project until its end.
Along the way, many people have helped to shape BRAMAR's results and finally also to shape this very
book you are reading now.

First of all, we want to thank the German Ministry of Education and Research (BMBF) and Project
Management Agency Karlsruhe (PTKA) within Karlsruhe Institute of Technology (KIT) as well as the
Brazilian Ministry of Science, Technology, Innovation and Communications (MCTIC), through its Water
Resources Fund (CT-HIDRO), the Funding Agency for Studies and Projects (FINEP) and the National
Council for Scientific and Technological Development (CNPq). The project would not have been possible
without them. The Paraiba Technological Park Foundation (PaqTc) provided the operational support for
the project.

We acknowledge the CT-HIDRO's Management Committee for supporting the Project application.
Among the several people who supported BRAMAR application we can mention

Prof. Dr. José Almir Cirilo, Dr. José Monserrat Filho and Dr. Sanderson Leitdo. Lia Santiago de Falco,
FINEP analyst, was an important partner during the project execution. Additionally, we gratefully thank
Dr.-Ing. Bernd Rusteberg (Rusteberg Water Consulting), Prof. Dr.-Ing. Christian Kazner (Bochum
University of Applied Sciences), Prof. Dr. Janiro Costa Régo (UFCG), and Marcos Airton de Sousa Freitas
(National Water Agency, ANA) for conceiving the project.

During the active project phase many researchers have contributed their part and we are extremely
thankful for it, as well as for all the partner institutions’ support. However, it was only with the help of
the numerous students that carried out research in the field, that we were able to achieve these
results. Besides that we highly appreciate the work of Anna Abels and UIf Pedro Schulze-Hennings
(RWTH Aachen University), who have played a crucial role as BRAMAR project managers.

Regarding this book, we are deeply indebted to all its authors and editors for the effort they put into it.
Additionally, we are thankful for the huge help and support of Vera Kohlgriiber (RWTH Aachen Universi-
ty) who did a great job in revising and keeping all the feedback and communication together. A special
thank you alse goes to student assistant Cindy Ayumni Nagamine Komesu (RWTH Aachen University)
who spend many hours revising the texts, too.

Now that the book is finished, we hope that it proves to be valuable not only for the scientific commu-
nity, but also for interested civilians and decision-makers who have to deal with water scarcity in a
comparable situation both in Brazil and other parts of the world.

Univ.-Prof. Dr.-Ing. Johannes Pinnekamp

Prof. Dr. Carlos ¢

Prof. Dr. Iana Alexandra Alves Rufino



Foreword

BRAMAR Project - Water Scarcity Mitigation in North-East Brazil

Foreword

Water resources managers find themselves facing a diverse array of challenges, no matter where they
are based. Climate change is a mutual challenge both in Germany and Brazil, with its effects on water
resources being numerous and mostly detrimental to sustainable management. Climate change also
leads to a higher frequency of extreme weather events like heavy rains or the prolonged drought that
has struck semi-arid North-East Brazil in the recent past. Despite North-East Brazil’s continuous
struggle for water, increasing pressure is also being put on the scarce water resources not only due to
droughts, but also because water demand continues to grow within its cities, like it is the case in many
areas of Germany as well. The demand for strategic and integrated water resources management has
surely risen due to the aforementioned challenges.

The velocity of some of these changes, paired with a high uncertainty about their development and
interactions, is making it increasingly difficult to decide which path to adopt in order to make sustaina-
ble choices in water resources management. To provide answers to the many open questions on hand,
research naturally plays a vital role as there is a clear need for more information and management
tools that enable decision-makers to do their job. The complexity of integrated water resources
management problems, which touch numerous fields of study, is naturally a major challenge in itself
and thus calling for multidisciplinary research collaboration across the globe.

BRAMAR project is an answer to this call as it brings together researchers from Brazil and Germany;
with backgrounds in all fields of water resources and environmental studies. There was however one
thing that united all of them: Their will to identify sustainable solutions to water scarcity in North-East
Brazil. Together, they formed a deeper understanding of water availability in terms of location and
volume as well as structural and non-structural water management measures in the project’s case
study areas. Collaborative research projects such as BRAMAR are a motor for sustainable development
as the various angles taken by the participating researchers propel innovative thinking and selution-fin-
ding. The output can be found in this book. It is, however, more than just the mere results described in
the following chapters, as personal development, capacity building and relations go far beyond the
bare numbers. In light of the academic and personal value created in BRAMAR, the importance of
international research cooperation does become visible once again.

Univ.-Prof. Dr.-Ing. Ernst M. Schmachtenberg
Rector of RWTH Aachen University



Foreword

A SUCCESSFUL PROJECT

Foreword

This book, which I am pleased to introduce, is about the experience of a successful project:

the BRAMAR PROJECT - Strategies and Technologies for Water Scarcity Mitigation in Northeast of Brazil.
The outreach of this project is on the states of Paraiba, Pernambuco and Rio Grande do Norte, with
Brazilian coordination by professors from the Federal University of Campina Grande - UFCG.

It is unnecessary to mention how great opportunity is a project like this, applied to the Brazilian
Northeastern region. The close involvement of local, national and international institutions can attest
by itself the relevance and the urgency of the actions developed: at the UFCG, the Civil Engineering
Department (Water Resources group), the Agricultural Engineering Department, The Minning and
Geology Department and the Center for the Sustainable Development of the Semi-Arid; at the national
level, institutions such as INSA, UFC, FUNCEME, UFERSA, UFPB, IFPB, UFRPE, USP; agencies such as ANA,
AESA, APAC and companies such as CAGEPA and INTRAFRUT; at the German side, two companies and
three universities. This current partnership confirms a continuity of an international cooperation
between the UFCG and German institutions originated in the 1970s.

This large-scale project involved approximately one hundred researchers from partners entities and
institutions, working on basically three action lines: Hydrology and Water Resources - monitoring and
modelling, groundwater exploitation, hydrological studies, water distribution, access and rationing,
rainwater use, information and decision making systems, managed aquifer recharge; Wastewater
Reclomation - reuse of wastewater in agriculture and the urban environment - including the develop-
ment and improvement of technologies for those purposes; and, finally, the dissemination of the
produced knowledge through courses, lectures and tutorials.

The dynamics of project planning and execution embraced different activities of local knowledge,
research, innovation and extension, promoting a lively diclogue between the institutions and the
communities involved; a two-way dialogue that research and academic extension must always
achieve: getting familiar to and learning from the several institutional and community-level experien-
ces from outside university; conveying to those environments the academic contribution that we achie-
ve through the research process.

The maturity of an experience like this, now consolidated in this publication, gives us the opportunity to
know better what the university does and can do in its own expertise area, which is the systematisa-
tion, production and outreach of knowledge, to the most diverse communities, entities and institutions
of our society.

Congratulations to all the professors and researchers involved in a so large-scale project; in particular,
all the centres, all the units and all the laboratories of all the institutions that contributed to the
success of this project, for such a comprehensive, necessary, timely and, why not to say, generous
initiative. May the success of this action stimulate equally ambitious new projects and their equally
successful achievement.

Vicemnario Simoes
Rector of Universidade Federal de Campina Grande (UFCG)
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Introduction

1.1 Challenges of the Study Region North-East Brazil

North-East Brazil is largely characterized by a
semiarid climate and high vulnerability to
droughts. Most of the nine federal states of the
region present high evapotranspiration through-
out the year, with rainfall being concentrated
during few months. Water scarcity may be con-
sidered the major obstacle for sustainable devel-
opment of the region.

During the next few decades, due to climate
change impact and socio-economic development,
water availability is expected to decrease, while
water sector demands will increase significantly,
resulting in constantly increasing water deficits.
Further challenges with regards to the sustainable
development of water resources relate to the huge
water losses of surface water reservoirs due to
high evaporation rates, the fact that large aquifer
systems are restricted to the coastal region, the
groundwater overexploitation during dry periods.

The latter of these, result in decreasing groundwa-
ter tables and seawater intrusion as well as water
pollution due to insufficient or non-existing waste-
water collection and treatment.

Water deficits resulting from non-sustainable wa-
ter resources development are the main reason
for water-related conflicts, especially due to
strong competition between the different water
users.

In North-East Brazil, regulations for sustainable
water resources development are still lacking, e.g.
in the area of wastewater reuse and the conjunc-
tive use of surface and groundwater resources.
Water management instruments as stated in the
Brazilian national and state legislation, such as
water permits, water charge and water resources
quality improvement are not fully implemented
yet.

1.2 BRAMAR Conceptual Approach and Main Research Objectives

The BRAMAR project was conceived to help miti-
gate water scarcity in North-East Brazil. The col-
laborative German-Brazilian research and tech-
nology development project in the water sector,
BRAMAR is entitled

“Strategies and Technologies for Water Scarcity
Mitigation in Northeast Brazil: Water Reuse, Man-
aged Aquifer Recharge and Integrated Water Re-
sources Management”

The bilateral project was funded by the German
Federal Ministry of Education and Research (BMBF)
and the Brazilian Ministry of Science, Technology
and Innovation (MCTI). It involved more than
20 project partners, consisting of universities, re-
search centers, Brazilian national and federal In-
stitutions, industrial partners, consulting and
technology development firms as well as other
stakeholders.

Main project goal was to support the implemen-
tation of Integrated Water Resources Manage-
ment (IWRM) in the semiarid and coastal areas of
North-East Brazil as response to the above-stated
water related challenges in order to contribute to
the sustainable development of the region. At the
core of the IWRM concept is the integrated man-
agement of all available water resources on riv-
er-basin level within a participative planning and
decision-making process. Based on the overall
project goal, the main scientific and technical ob-
jectives of the project were

* to contribute to the recovery of groundwater
levels, groundwater protection and quality im-
provement of coastal and inland aquifer sys-
tems of North-East Brazil by studying measures
for controlled groundwater recharge (Managed
Aquifer Recharge: MAR);

11
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.

to increase the water availability and efficiency
of water use in water-scarce North-East Brazil;

to foster water pollution control by improved
wastewater infrastructure and water reuse;

to identify opportunities for wastewater reuse in
municipalities, industry and agriculture and to
test and promote suitable technologies for their
implementation;

to promote water reuse in all areas, e.g. munic-
ipalities, agriculture and industries;

to provide guidelines and methodologies and
develop an expert system for water planners
and decision-makers to support decisions with
regards to IWRM implementation; and

to mitigate water scarcity and avoid water-re-
lated conflicts in North-East Brazil through the
joint management of all available water re-
sources, taking climate change impacts into
consideration.

The project partners also investigated how viable
it is to implement new water technologies in the
study region and how well these technologies and
results can be transferred to similar regions. The
IWRM measures and water technologies studied

in BRAMAR have been evaluated based on a set of
indicators, which are stored in the database of the
so-called BRAMAR Information and Decision Sup-
port System (BRAMAR-IDSS) and may be filtered
and accessed by water planners and deci-
sion-makers as performance matrices.

BRAMAR research activities were grouped in ten
work packages (WPs). The research concept of the
BRAMAR project, including all WPs and their inter-
actions, is presented in Figure 1.1,

WP1 studied regional socio-economic develop-
ment as well as climate change under different
scenarios, quantifying their impact on sector wa-
ter demands and water availability, This informa-
tion served as input for the assessment of water
budgets and as boundary condition for hydro(geo)
logical modelling under WP2. Different hydrologi-
cal and hydrogeological models have been ap-
plied in order to study the behavior and gain a
deep understanding of the water resources sys-
tems in the study region. Based on this knowledge
and models, the conjunctive use of surface and
groundwater by Managed Aquifer Recharge was
studied (WP3). WP4 and 5 focused on the treat-
ment and reuse of wastewater in order to improve
water quality and availability. In WP6, all informa-

WP 2
Water Budgets & g
Hydrol. Modeling

Case Studies

t

WP 9 Knowledge Transfer and Dissemination

Figure 1.1: BRAMAR project structure

12
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tion related to the characterization of the Case
Study Areas (CSA), as well as the laboratory and
field studies in the CSA, were collected and inte-
grated in the project database of the BRA-
MAR-IDSS. WP8 focused on the development of a
practical approach for IWRM implementation,
taking the gained knowledge into account. Due to
the technological project character, WP8 gives
special attention to the evaluation of structural

13 BRAMAR Case Study Areas

Figure 1.2 presents North-East Brazil (in blue) as
well as the BRAMAR project region with the so-
called Case Study Areas (CSA). As can be seen
there, five CSAs were identified to be studied in
depth. The CSAs were chosen because they repre-
sented the typical conditions in both the semiarid
and coastal region of North-East Brazil. This guar-
antees that the results can be transferred to and
used in other similar areas. The activities of the
German partner institutions focused on the CSA of
Joao Pessoa and Sumé in the federal state of
Paraiba (black dots).

Case Study Area Jodo Pessoa - The “Technological” Site

Jodo Pessoa is the capital of Brazilian federal state
Paraiba and has about 800,000 inhabitants. The
main part of the considerable annual precipita-
tion, around 2,000mm, is concentrated in the
rainy season between March and August. During
those months considerable amounts of surface
water runoffis lost to the sea. The main sources of
fresh water to be supplied are surface water accu-
mulated in the watersheds of Gramame and Abiai
and groundwater from the large coastal aquifer
system. The aquifer system suffers from over-ex-
ploitation, especially during dry or drought peri-
ods, requiring a much better groundwater moni-
toring and a better control with regards to the
concession of water rights. Due to insufficient
sanitary infrastructure, seawater intrusion and
the decreasing groundwater table, the pollution
of surface- and groundwater is constantly
increasing. Adequate IWRM response measures
and technologies are required to attend to the in-

IWRM measures and innovative water technolo-
gies based on a set of indicators. The above-men-
tioned BRAMAR-IDSS was developed in WP7. Both
work packages are closely linked to each other,
since the expert system was designed to support
decision-making with regards to IWRM imple-
mentation. To round things off, WP9 and 10 fo-
cused on the Transfer of Results and Project Man-
agement, accordingly.

creasing sector water demand and to protect the
coastal water resources.

Main Research ldeas

On the one hand, the site was selected to study
the applicability of conventional and advanced
wastewater treatment technologies and adapted
schemes for domestic, public and industrial
wastewater reuse under urban conditions in the
coastal region. On the other hand, CSA Jodo Pes-
soa seemed to be appropriate to study the poten-
tial and viability of Managed Aquifer Recharge
(MAR) implementation by using excess surface
water for controlled groundwater recharge and
underground water storage. Joao Pessoa and Re-
cife were treated as “Twin” case studies since the
research at both sites complemented each other
towards MAR implementation.

Case Study Area Campina Grande -

The "Semiarid Urban Use" Site

Campina Grande is Paraiba’s second-largest city
with a total of 400,000 inhabitants. It has faced a
number of severe water crises during the recent
past and, therefore, urgently requires adequate
IWRM response measures and adaption strate-
gies for extreme drought periods. In 2016, the
collapse of the water supply was just prevented
through the construction of an extra pumping
systern in the main surface water reservoir (Epi-
tacio Pessoa/Boqueirdo) to extract water from the
dead storage.

13
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Main Research Ideas

The ongoing water crisis is an excellent opportuni-
ty to study new water allocation schemes and
emergency response measures, including the re-
allocation of water to different users, and to ana-
lyze the joint management of external water to
be transferred from the Rio Sao Francisco (PISF
Project) and local water resources. The perfor-
mance of managers, water users, public power,
press and population in the face of the water sup-
ply crisis in Campina Grande should be analyzed in
this context, too.

Case Study Area Sumé -

The “Rural and Semiarid Conjunctive Use’ Site

The rural CSA Sumé is representative for hundreds
of similar water resources systems inside semiarid
North-East Brazil. The small city has some 17,000
inhabitants that rely on a small, frequently nearly
depleted surface water reservoir for water supply.
At the same time, a small shallow groundwater
aquifer is used by farmers’ private wells for agri-
cultural irrigation. Increasing pollution due to un-
treated or insufficiently treated wastewater and
water resources scarcity, also due to frequent
drought events are the main challenges.

Main Research Idea

Conjunctive management of scarce surface-wa-
ter, groundwater and wastewater resources of a
typical semiarid water resources system as part of
IWRM Implementation.

Regions

W North

. Nort-East

. Central-West

. South-Eost
South

Case Study Area Mossord - The "Low-Tech Water Reuse’ Site
Rio Grande do Norte’s capital Mossord (around
250,000 inhabitants), as well as the regional in-
dustry, are growing rapidly due to intensive petro-
leumn exploration. A pool of 80 industries has be-
come established within less than two decades.
Besides petroleum exploration, irrigated agricul-
ture is a strong socio-economic factor. The main
challenges to water resources management in
the region are water pollution by non-treated do-
mestic and industrial effluents and decreasing
groundwater tables, which are caused by exten-
sive groundwater use for irrigation, increasing
seawater intrusion into coastal aquifers.

Main Research Idea

Develop and test low-cost wastewater reclama-
tion schemes for water reuse in irrigated agricul-
ture to control water pollution and contribute to
conflict prevention.

CaseStudy Area Recife - The “Urban Managed Aquifer Recharge”
Site

The water resources system in the capital of the
federal state Pernambuco is Recife and very simi-
lar to the system at Jodo Pessoa. Recife was built
on the estuarine area of Capibaribe river and other
small rivers that share the same estuary. Histori-
cally, water supply for Recife’s 1,500,000 inhabit-
ants has been mainly based on these surface wa-
ter resources. Nevertheless, increasing water

Pernambuco Recife

Alogoas

Figure 2.2: North-East Brazil and the location of the BRAMAR Case Study Areas
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deficits during the past years has caused an
over-exploitation of the coastal aquifer system.
The over-exploitation of groundwater - regardless
of difficulties in recharging the aquifers - has se-
verely depleted the potentiometric levels and in-
creased the vulnerability to seawater intrusion.

Main Research Idea

Develop response strategies based on Managed
Aquifer Recharge (MAR) with surface water re-
sources for groundwater level recovery, seawater
intrusion and pollution control, based on ade-
quate groundwater monitoring.

15
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Climate Change and socio-economic Scenarios

21 BRAMAR Case Study Areas (CSA): Main Driving forces, Pressures, Impact, and actual

Water Demand

Five representative case studies have been cho-
sen in the semiarid and coastal region of North-
East Brazil. The case studies are Jodo Pessoa,
Sume and Campina Grande in Paraiba (PB) as well
Mossordé in Rio Grande do Norte (RN) and Recife in
Pernambuco (PE) (Figure 2.1). They feature typi-
cal situations according to the river basin areq,
climate, population, water users and conflicts,

211 Methodology: DPSIR and Water Demand

DPSIR - Driving force-Pressures-State-Impact-Responses

Socio-Economic development appears as one of
the main driving forces of changing natural sys-
tems and society, so it is fundamental to under-
stand the main causal relationships, pressures,
impact and responses. This knowledge allows us
to analyze the scenario (current situation) and to
identify - with greater clarity - the effects of new
forces such as climate change. Indicators can be
used to measure these relationships and ele-
ments. Originally the DPSIR (driving force-pres-
sures-state-impact-responses) methodology
was called PER (pressures-state-responses) and
according to OECD (1993) it is based on a concept
of causality: human activities exert pressure on
the environment that changes the quality
(“state”), society responds to these changes,

Regions
B vorth
B nNort-Eost
B central-west
B south-Eost
South

water resources and aquifer system, and related
water problems.

In the following sections, we present a brief de-
scription of the methodology used to characterize
the case studies, which focused on a diagnosis of
the water issue of the case studies, by identifying
the main pressures, impact, management meas-
ures and demand.

adopting environmental, economic and sectoral
policies (“social response™). These characteristics
form a feedback loop and influence each other,
especially through human activities. (Figure 2.2).
DPSIR has been widely applied in the manage-
ment of water resources (HAMOUDA et al., 2009;
KAGALOU et al.,, 2012; HENRIQUES et al., 2015;
PIRES et al., 2017).

Traditionally, the main response to the impact on
water resources and water demand is the expan-
sion of the supply, through an increase of supply
systems, water basin transfers, or wells.

Alternatively, water resources management can
be considered as the main response to the impact
on water resources, in the perspective of sustain-
able development, seeking to guarantee water in

Rio Grande do MNorte

Pernambuco

Alagoas

Figure 2.1: Case study areas: Jodo Pessoa, Sumé, Campina Grande, Mossoro and Recife
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Climate Change and socio-economic Scenarios

quantity and quality appropriate to the uses. The
Brazilian water resources management model
(Water Act 9,433/1997) was designed to be im-
plemented in a participatory and decentralized
way with the participation of the government,
water users and civil society. The SINGREH (Na-
tional Water Resources Management System) is
composed of the National Water Resource Coun-
cil, State Water Resource Council (for each Brazil-
ian state), National Water Resource Agency (ANA),
Water Agencies in each state and River Basin
Committees (RBC). There are five water resources
management instruments to be implemented by
the SINGREH: river basin plan, system for classify-
ing bodies of water according to their quality, wa-
ter rights, bulk water fees, and water-resources
information system.

Water Demand

In this study, water demand was considered for
urban supply (including commercial and industri-
al demand), livestock and irrigation purposes. For
the calculation of the water demand, data from
the Brazilian Institute of Geography and Statistics
(IBGE) were used referring to the population, live-
stock and agricultural culture of each municipality.

Driving force

h
demographic activities that
and economic stress the J
changes in environment
societies and which are !
corresponding manifested in
changes in changes in
lifestyles environmental

conditions
8 3
J1
V

The population census (IBGE, 2010) and per capi-
ta consumption by the number of inhabitants
(PERH-PB, 2006) were used to estimate the de-
mand for urban and rural supplies. To determine
the demand for livestock, the demand coefficient
suggested by PLIRHINE (Integrated Water Re-
sources Plan for the Nort-East Brazil) was applied,
which takes a constant average consumption of
50 L/head/day for each BEDA (Bovine Equivalent
to Water Demand) unit into consideration. To cal-
culate the BEDA, the values of the herd were
adopted according to the IBGE livestock produc-
tion (2013A).

So that water demand for irrigation could be cal-
culated, crop evapotranspiration (ETc) was con-
sidered for each type of crop and, in the end, the
ETc of all crops grown in the municipality was
added. The values of Kc were taken from the liter-
ature. The reference evapotranspiration adopted
was the arithmetic mean between the maximum
and the minimum reference evapotranspiration
value empirically verified in a standard year in
Paraiba. The data for calculating the demand for
irrigation water were taken from the IBGE produc-
tion surveys (2007 and 2013B).

hag

* Environment s Effects in
+Changes in human health
condition of and
environment ecosystems,
resource
availability
and
biodiversity
| ~

g g

Responses

status or impact

+ Measures taken to address the driving forces, pressures,

Figure 2.2: DPSIR: Driving-Force-Pressures-State-Impact-Responses
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21.2 Jodo Pessoa: The “Technological™ Site

The city of Jodo Pessog, capital of the state of
Paraiba, is located on the coast of Paralba, has an
area of 211.47km?, with 160.76 km? of gross area
distributed in 64 neighborhoods and 49.69 km? of
area with environmental preservation. In 2015,
the city had an estimated population of 791.400
inhabitants (IBGE, 2010), of which less than 0.4 %
is rural. The city is characterized by urban sprawl
and the growth of economic activities such as
tourism and services, without reducing the indus-
trial activities concentrated in the industrial dis-
trict of the city.

These characteristics impose pressures and im-
pact on water resources and make it necessary
for public managers, water users and civil society
to implement structural and non-structural re-
sponses (Figure 2.3). While these responses in-

Driving force e m
= Demographic «Water demand

growth (urban and
industry)
= Socio-economic + Pollution of
development water
«Deforestation

»Use and +Expansion of
occupation of soil the urban area
«Wastewater
discharge
(domestic and
industry)
R TN

Responses

+Collection and treatment of wastewater

*National and state water resources policies

«Instruments of water resources management: Water basin plan (State,
Paraiba basin, Gramame basin), water rights, bulk water fees, water-
resource information system, system for classyfing water bodies

«River Basin Commitees (Paraiba river and South Coast)

«\Water Executive Agency of Paraiba (AESA)

«Expansion of the supply system

creased the water supply for the population, the
demand was neither questioned, nor were ration-
al water-use practices encouraged, such as the
reuse of water - the object of this study. By imple-
menting technological alternatives for the use of
water from wastewater treatment plants (WWTP),
such as WWTP Mangabeira, decision makers
could meet the demand for less noble uses and
relieve pressure and impact on water resources.

The greatest pressures are related to population
growth and socio-economic development, and
consequently the increase in water demand for
effluent supply and dilution. The main responses
established are increased supply and manage-
ment of water resources. The need for improving
this management was observed, highlighting the
management systems and the integration of de-

e
«Water sIncreased water
availability demand
(superficial and «\Water conflicts
groundwater) =Lowering the
groundwater
=Water quality level
»Saline intrusion
«Water quality
problems
*Contamination of
groundwater
- | —

Figure 2.3: Driving-Force-Pressures-State-Impact-Responses - CSA Jodo Pessoa
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mand (reuse) and supply Managed Aquifer Re-
charge (MAR) alternatives.

In Jodo Pessoa city the demand for water is
5.52m’/s and is almost entirely for urban supply
(99%), while the remaining 1% is for irrigation.

213 Campina Grande; The ,Semiarid Urban Use" Site

The city of Campina Grande is located in semiarid
Paraiba, 120km from the capital Jodo Pessoa. The
municipality has a territorial area of 594,179 km?,
with approximately 96 km? of urban area. It en-
compasses a population of 402,912 inhabitants,
of which 95.33 % comprises the urban population
and 4.67% the rural population (IBGE, 2013a).
Campina Grande is one of the largest and most
important cities in the interior of the North-East,
as well as the second largest municipality in the
state. It exerts great political and economic influ-
ence on the surrounding cities (PEREIRA and
MELO, 2008).

Driving force

«Water demand

*Demographic

g
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growth (urban, agricult
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«Socio-economic »Pollution of
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«Use and discharge
occupation of soil (domestic and
industry)
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the urban area

g

«\Water rationing

+Basin comitee (Paraiba river)

«National Water Agency and Water Executive Agency of Paraiba

«Suspension and reduction of water rights (irrigation and urban supply)
«Expansion of the Supply System

«Water transfer from San Francisco River Basin J

«National and state water resources policies
«Instruments of water resource management. Water basin plan (State,
Paraiba basin); water rights; water resource information system

The captations to meet these demands are dis-
tributed in the Paraiba River Basin (Grama-
me-Mamuaba reserveir), Abiai-Popocas River Ba-
sin and, the Paraiba-Pernambuco Basin System
(groundwater).

The city has been facing serious water problems
since the end of the 1990s due to two major
droughts (1998-2000, 2012-2017) and the ina-
bility of the water resources management sys-
tems (federal and state) in dealing with the situa-
tion (REGO et al., 2015). Figure 2.4 presents the
DPSIR analysis for Campina Grande.

In Campina Grande water demand is 2.95m’/s,
divided between irrigation (62 %) and urban sup-
ply (38 %). It is worth noting that the irrigation has
been “suspended” due to the great drought expe-
rienced from 2012 to 2017,

—

«Water «Reduction of
availability the flow and
(Reservoir precipitation
Epitacio «Water shortage
Pessoa) _ Water conflicts

=Water quality «Low resemnvoir

«\ariability level
climatic «Water quality

«Drought problems

=Increased
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Figure 2.4: Driving-Force-Pressures-State-Impact-Responses - CSA Campina Grande
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214 Sumé: The "Rural and Semiarid Conjunctive Use” Site

The municipality of Sumé is located in the semiar-
id region of Paraiba and has an estimated popula-
tion of 16,700 inhabitants, 23.8 % in the rural area
and 76.2 % in the urban area. The main economic
activities are concentrated in services and agricul-
tural sectors. These activities put pressure on the
natural resources and impose a great demand for

215 Mossord: The “Low-Tech Water Reuse” Site

Massor¢ is located in the interior of the state of
Rio Grande do Norte, in the mesoregion of the
West Potiguar and microregion of the same name.
Its population was estimated at 284,300 inhabit-
ants in 2014, rising from 259,815 inhabitants in
2010. The municipality comprises 2,099.36 km?
with a resulting population density of 123.76 in-
hab/km?. The inhabitants are concentrated in the
urban portion which indicates an extensive rural
area (IBGE, 2010).

Driving force
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(irrigation)
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*Water rights
= Monitoring

irrigation and city supply, as well as for dilution of
domestic effluents (Figure 2.5). Thus water de-
mand is 0.24 m?/s, or 85 % of the demand for wa-
ter serves irrigation; 11% for human supply and
4% for livestock farming. The main sources that
supply this demand are the Sucuri River and its al-
luvium.

The evolution of the municipality, resulting from
the development of the oil industry, saline, fruit
growing, ameng others, implies problems and im-
pact resulting from theses processes, such as un-
controlled deforestation, irregular construction
and settling, lack of basic infrastructure, environ-
mental sanitation deficit, inequalities social, real
estate speculation, vulnerability and deterioration
of natural systems, problems with solid waste dis-
posal, water supply, visual pollution, population

»Basin committee (Paraiba river)
= Water Executive Agency of Paraiba
= Association of users (irrigation)

»Water *Increased water
availability demand
(Sucuru river «Water conflicts
and alluvium) W i

- Water quality "';?’ quaiy

- Variability probleims:
climatic = Lowering the

+ Drought groundwater

level
*Loss of
agricultural
production
= Water
shortage

«Water basin plan (State, Paraiba basin)
«National and state water resource policies

Figure 2.5: Driving-Force-Pressures-State-Impact-Responses - CSA Sumé
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mobility, effluent discharge along the Apodi /
Mossoré River, among others (TORQUATO, 2012).
In Mossord, water demand is 5.02 m?/s, or 94 %,
almost entirely for irrigation, 5% for urban supply

216 Recife: The “Urban Managed Aquifer Recharge’ Site

The city of Recife is located on the coast of the
state of Pernambuco. The municipality has a terri-
torial area of 218,435km?, and a population of
1,537,704 inhabitants, which is found entirely in
the urban area (IBGE, 2010).

When the socio-economic context is taken into
account, Recife is an urban cluster of great rele-
vance from the state and regional point of view,
and together with Salvador and Fortaleza, it com-
mands a relevant part of the economic life of the
North-East Brazil (FERREIRA, 2013). Since it basi-
cally has no rural population, the demand for the
use of water is almost completely for urban sup-
ply, whose predominant economic activity is the
provision of services. The water demand is

Driving force
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water
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8
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Responses
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+ National and state water resource policies

*Monitoring (groundwater and water quality)
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«Water Management Institute of Rio Grande do Norte (IGARN)

and 1% for livestock. It is worth noting that the
irrigation has been “suspended” due to the great
drought. Figure 2.6 presents the DPSIR analysis
for Mossoro.

5.78 m*/s. The supply of water in the city, as well
as in the entire Metropolitan Region of Recife, is
quite complex, consisting of a series of integrated
systems and complementary isolated systems.
Surface water sources are the Tapacurd, Gurjau
and Botafogo dams, as well as the Capibaribe Ip-
ojuca, Beberibe rivers, among others. Many mu-
nicipalities complement their supply through un-
derground springs and only two (Island of
Itamaracd and Itapissuma) capture water exclu-
sively in wells (ANA, 2010).

Here, it is difficult to maintain a satisfactory sup-
ply level and reduce the impact of high well drill-
ing by users in order to guarantee water availabil-
ity (Figure 2.7).
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(Mossoro river +\Water
and Aguifer shortage
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i conflicts
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Figure 2.6: Driving-Force-Pressures-State-Impact-Responses - CSA Mossoro
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2.2 Climate Change in North-East Brazil

2.1 General Aspects

Climate variability and change impact water re-
sources and need to be considered in their plan-
ning and management. The changes in the cli-
mate variables that form the hydrological cycle
are reflected in the river flows, in water availability
of reservoirs and in water demand. Besides these,
the situation of water sources can be further ag-
gravated by changes in water quality and urbani-
zation processes.

Impact on the economy, humans and ecosys-
tems should be considered to ensure water secu-
rity. Thus, there is a demand for information about
changes in climatic variables themselves and
about their impact on water systems (STAKHIV

Driving force
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*River Basin committee (Capibaribe River, Metropolitano Sul GL-2)
+Pernanmbuco Water and Climate Agency (APAC)

and STEWART, 2010). This is relevant information
both for a small water user, who needs the infor-
mation immediately, as well as for a deci-
sion-maker, who needs long-term information to
plan on how to meet demands and carry out ac-
tions of climate change adaptation and mitiga-
tion. Changes in climate have direct consequenc-
es on water resources and considerably increase
the degree of uncertainty in managing these re-
sources.

Extreme events (droughts and floods) cause signif-
icant socio-economic impact and, historically, so-
ciety has suffered from these events. There are
records of droughts in North-East Brazil, of their
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groundwater) «Water shortage
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Figure 2.7: Driving-Force-Pressures-State-Impact-Responses - CSA Recife
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impact and of government actions, for example,
that go back to the 16th century; the droughts
caused losses of agricultural productivity, migra-
tion, disease, hunger and even death (MARENGO
et al, 2017). The region’s vulnerability may be
worse in the context of climate change.

In 1988 the World Meteorological Organization
(WMO) and the United Nations Environment Pro-
gram (UNEP) established the Intergovernmental
Panel on Climate Change (IPCC). The IPCC was
created by governments to provide technical and
scientific information on climate change and to
support work on climate assessments. It is an in-
ternational body responsible for making available
Climate Change Assessment Reports (ARs) on a

52 Climate Models and Climate Change Scenarios

Future climate projections are simulated by cli-
mate models that represent the climatic system
through laws of physics and observations (BETTS
et al,, 2011). Global Climate Models (GCMs) divide
the terrestrial globe into a horizontal grid on an
order of 200km and divide the atmosphere into
vertical layers, which allows a user to process and
calculate the climatic variables. However, the
horizontal resolution in which these models are
simulated does not allow the necessary details
for impact assessment, for example in river ba-
sins. This can be done by Regional Climate Models
(RCMs), which are simulated with the boundary
conditions of GCMs, but on a more refined scale
(~50km). The RCMs perform a downscaling pro-
cess, which is a reduction of scale, in which the
results can be applied in hydrological modeling or
in climatic impact analyzes.

These models are simulated in large climatic
centers of the world that compile the necessary
data and have high computing power for data
processing. To facilitate access to data, documen-
tation, scenarios, validations and comparisons,
the Working Group on Coupled Modeling (WGCM),
under the World Climate Research Program

regular basis with the purpose of contributing to
planning and decision-making.

Depending on the vulnerability and characteris-
tics of a region, climate change can impact vari-
ous sectors deeply, and effective actions are
needed to address it consequences. On the other
hand, the process of modeling and studying
changes in the climate of a specific region as a
river basin still has uncertainties and needs to be
carefully considered. Although the methodology
for analyzing the impact of climate change on
strategic sectors, such as water resource, is not
recent (ARORA and BOER, 2001; KAY et al., 2006),
the involved models, scenarios, analyzes and vi-
sion of adaptation and mitigation were improved
with the release of the 5th IPCC Assessment Re-
port (ARS).

(WCRP), established the Coupled Model Intercom-
parison Project! (CMIP), which is a standard proto-
col for studying the simulations performed by cou-
pled Atmosphere-Ocean General Circulation
Models (AOGCMs, a more complete type of GCM),
The CMIP is in its 5th phase and offers simulations
of global models performed by different institu-
tions. The CMIPS disseminated great deal of
knowledge and make information accessible, both
of which can be used by academia and society.
With the same purpose, the Coordinated Regional
Climate Downscaling Experiment - CORDEX? pro-
vides data from RCMs at different timescales of
various climatic variables,

Future scenarios are generated by simulations of
climate models. According to IPCC (2000), scenar-
ios are appropriate tools with which users can
analyze how the driving forces influence the fu-
ture results of greenhouse gas emissions, evalu-
ate the associated uncertainties and thus improve
the understanding of the complex interactions
between the climate system, ecosystems and hu-
man activities. Future emissions of greenhouse
gases are the result of a number of factors such
as demographic, socio-economic and technologi-

1 https://cmip.lInl.gov/cmip5/; https://esgf-node.linl.gov/projects/cmip5/

2 https:/fesg-dn1l.nsc.liu.se/search/cordex/
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