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EXECUTIVE SUMMARY

J. Marengo, T. Ambrizzi, E. Assad, Mendiondo, E. B. Pereira, R, Schaeffer, E. Rangel, U.
Confalonieri, R. Alvala, R, Rodrigues, M. Barata, E. Haddad, J. Feres, P. Nobre, S. Chou, A.
Amorim, S. Dias, M. Bustamante, P. Artaxo, A. Szklo, S. Margulis

Main results of the INCT MC Phase 2 by compnent from Year 2

This Executive Summary shows the results up to Year 2 of the INCT MC Phase 2. Different
from the Report of year 1 we have included this summary and the contributions of all
components of the projechdnot just the FAPESP funded. Sinthe project was submitted in

2014 and approved in 2017, some objectives have changed or new objectives have been
included Futhermoresome new partnerships have also been established.

E.1. Food security

The most important results obtained in the INRIT Phase 2 subomponent agriculture, in

2019, was to finalize the organization of spatial data, relating to land use, and simulate the water
balance for all Brazil, in a regular grid of 25 km, for the years 288, 20052015, 2020

2030 and 203@040,using the HADGEMZES model. In thease of the mapping of land use

the class of interest is anthropishgvingsubclass, agriculture and pasture, which are already
separated. Thus, to verify if there will be a reduction of food supply by 2040, the estimate will
be made in the polygons that involve the class anthropism. In the result of the water balance, the
mapsof the water deficit already indicate which areas will be most affected by the increase in
temperature and reduction of rainfall. In general, 85% of crop productivity depends directly on
the greater or lesser water deficiency in the @igure E.1). Ma partners ;e EMBRAPA,
UNICAMP/CEPAGRI INPE EMBRAPA,UNICAMP/IE, LAPIG/UFG e UFV.

2006 - 2015 |

2021 - 2030 ¥ 2031-2040 |°

B 10w water deficit B intermediate L_IMedium DHigh
-Very high water deficit.

Figure E.1 Maps of water deficiency for the periods 12865, 20062015, 20212030 and 203@2040
(Embrapa Informatica Agropecuaria 2019)




Key publications:

Pugliero, VS, Zanetti, MR, Assad, ED (201Bjagnéstico ambiental: quantificagdo do passivo em app
hidrica nos municipios da caatinga na Bacia do S&o Francisco, I SIMPOSIO DA BACIA
HIDROGRAFICA DO RIO SAO FRANCISCODesafios da Ciéncia para um novo Vel@hico, Il
Simpdsio da Bacia Hidrogréafica do Rio Sao Francis8a 6 de junho de 20X8\racaju, Sergipe

E.2.  Water security

The synergy and dialogue among researchers of with all Brazifitassand foreign institutions

is shown in Figure .1 These achievements were developed through strategies of: (1)
organization of international and national meetings, workshops and management activities, (2)

new cofunding of grant projects for interdisciplinary, intersectorial and interinstitutional
dialogueforear i ng knowl edge around I NCT MC Phase 2606s
building inside and outside the | NCT Phase 20
groups and CEPIDs), (4) submission of new grant proposals and publicatioraothooing

manuscripts in peeteview journals with editorial boards, (5) identification, selection and

retention of earhc ar eer scientists promoting | NCT Phase
cooperation with USP INCLINBndCNPq Group; (6) following and updatirtige internal time
tabl e. Therefore the most relevant achievement

outreach and dialogue with decision makers and stakeholders around water security at
municipality and river basin scales (2620935).

For scence, a new South American runoff modelling paper introduced ashiiyed database

for all I NCT Phase 206s water security groups,
demonstrative pilot projects. F dyr Plapp @NSHc vy t he
ANA) was finally released; with achievements and questions previously formulated by INCT

MC Phase 206s water security researchers. Final
206s water security gr oup sncefforarew $chodl ofdAdvBiced z i | i an

Studies on Water & Society Under Change (CAPES EAE). This dialogue has accelerated
interdisciplinary dialogue through a series of Lectures, Workshops and Seminars on Socio
Hydrological Observatories for Water Security (SMS) for the PNSH 2012035, also
engaging other | NCT MC Ph ackssingitbtons.sThéwokmgso nent s
developed by USP, INPE, CEMADEN, UFPE, FUNCEME, UFCG, UFRGS, ANA.

New methods of interdisciplinary Y

communication among INCTMC2's partners with

open lectures and schools launching a strategic

dialogue with stakeholders around the Brazilian
Water Security Plan (PNSH, 2019-2035)

{ New water security tests,

ranging from carbon dioxide
removal (CDR) at micro-scale to
continental runoff simulations
1 with open database for
. boosting synergism among

%, INCTMC2's groups

S

N

\\

Novel alliances for co-financing }

0182019%,
achievements of
INCTMC2 water

secul
subcomponent ..

research with high impact on
policy around INCTMC2's water

security goals envisaging the
future innovation of climate-
resilient startups and jobs
(2019-2025)

Figure E. 2. Mai n achi eve me rsécsrity subcornplorent in ROC82019.C P has e

Climatesensitive & LULC scenarios (1990, 2010 & 2035) showed not only recovering water
yield fluxes but also restoring water quality regimes, if feasible Ecosystsed Adaptation
strategies were applied at headwatefsCantareira System, contributing with Sao Paulo
Metropolitan Region Supply System (Figure E.3)
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Figure E.3. SyntheS|s chart of case study of the Upper Jaguafbasim (dralnage areaD 302 km2). (a)
Localizationof the drainage areastla Cantareiraystem; (b) LULC conditions for scenarios S1 (1990),

S2 (2010) and S2CEbA (2035); (c) comparison of water yields simulated for conditions of S1, S2 and
S2CEDbA; (d) water yield scenarios compared with Hatnaual regime of S2CEbA scenario; (e)
comparison bduration curves of flows for S1, S2 and S2CEbA conditions; (f) duration curvesN® 3

loads for S1, S2 and S2CEbATafarelllo et al 2018

Key publications

Macedo MB, Ferreira do Lago CE, Mendiondo EM (2019) Stormwater volume reduction and water
quality improvement by bioretention: Potentials and challenges for water security in a subtropical
catchment, Science of the Total Environment 647 (2019) %28

Taffarello D, R Srinivasan, G Samprogna Mohor, J Bittencourt Guimardes, M CalijuriM&hiondo
(2018) Modeling freshwater quality scenarios with ecosydiased adaptation in the headwaters of the
Cantareira system, Brazil, Hydrol. Earth Syst. Sci., 22, #6823, 2018

E.3.  Energy security

Trends analysis studies were carried out orfrfguency of occurrence of extreme wind speed
events in the state of Santa Catarina. dlbjective is to investigate trends in the frequency of
extreme winds and their impact on the state's electrical system. Oneaghtbeements of this
ongoing studywas to understand how combined events of téghperature and lulls limit the
dispatch of transmissidmes. Another achievement was the improvement in the estimation of
the solar energy resource in tropical regions from the BRASRIsatellite model, uag an
unprecedented statistical approach. The study significantly improved the results of the incident
solar radiatiormodel for the rainy and dry seasons in Brazil. As for the solar radiation forecast,
substantial advances in the implementation of theFv8Blar model and the vectorization of
satellite images were achieved as part of the development of a new integrated solar energy
forecastingnethod in degraded areas (Figure E.4). Preliminary observational evidence of
cloudiness and the effect of lake éze on Brazilian reservoirs pointed to possible gairtisen
exploration of wind and solar energy in a hybrid combination with hydroelectricity.
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Figure E.4.Potential of Solar Electric Energy estimated in degraded areas (produced with data from
Lima etal., 2019)
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Figure E.5. Overlapping regions above Q3 percentile for wind and solar power complementarity in Brazil.
(Goncalves, et al., 2019)

Significant improvements made in the various Integrated Assessment Modelling tools
developed and used by the team at COPPE, which were well reflected in the vast list of
publications in peereviewed, international journals during the period. In parti¢tker Brazil
LandUse and Energy Systems (BLUES) model and the JFEitahomy Assessment (TEA)
model, a global computable general equilibrium (CGE) model, were finalized and now are fully
operative, providing two unique tools in the country for modellimgpate mitigation pathways

with very high granularity for both energy and lamk technologiesThe groups at
CCST/INPE and COPPE/UFRJ, together with partners from UNIFESP worked in various
aspects of energy sources and variability.

Key publications

Simioni T, R Schaeffer (2019) Georeferenced operagifigiency solar potential maps with local
weather conditions An application to Brazil, Solar Energy 184 (2019) 8355



GonzalezMahecha RE, AFP. Lucena, A Szklo, P Ferreira, AIF Vaz (2@@limizaton model for
evaluating orsite renewable technologies with storage in zero/nearly zero energy builEmegy &
Buildings 172, 506516.

Li maJLEF R Mar tR.B8€;A. R Gon- aA \PePs Santos e E. B. Pereiralhe seasonal
variability and trends for the surface solar irradiation in northeastern region of Brazil. Submitted to
Sustainable Energy Technologies and Assessments (2019)

Nobre, P.; Pereira, E.B.; Lacerda, F.F.; Bursztyn, M.; Faddad, E. A. and Ley, D. (2019) Solar smart grid
as a path to economic inclusion and adaptation to climate change in the Brazilian Semiarid Northeast (in
press) doi: 10.1108/1JCCSBB-20180067

Goncalves, A. R; Casagrande, M. S. G.; Costa, R. S.; Martins, F. R.; Lima, F. J. L.; Pereira, E. B.
AssessingComplementarity of Wind and Solar Resources for Hybrid Projects in Northeastern Brazil.
Proceedings of 6° International Congress of Energy Meteorology, Copenhagen, 2019.

E.4. Natural disasters impacts on physical infrastructure in urban areasand urban
development

The results obtained in the scope of the-submp onent ANatur al Di sast e
Infrastructur e, and Ur ban Devel opment o of t h
understanding of the physical mechanisms that lead to extreme evesggeial regions in

Brazil, their impacts on hydrography and vegetatidimospheric blocking remotely forced by

tropical convection over the Indian and Maritime Continent prevents the establishment of the

South Atlantic Convergence Zone during austral semrAs a consequence, severe dius

occur in westentraland southeastern Brazilhese droughts can cause water shortages such as

the event that occurred in S&o Paulo city during the summer of 2013/14 and energy shortages

such as the event during 20(Moreover, the droughts also impact food supplies. Therefore,

they threat our water, food and energy secufibe samemechanism also leads to marine heat

waves over the South Atlanttbat affects coastal urban zones through disruption of fisheries

and guaculture In southern Brazil, there has been a change on the causes of extremes of
precipitation. This mechanism also leads to marine heat waves over the South Atlantic.

In Northeast Brazil, th impacts of extreme precipitation in the water availgbdf the pilot
reservoir pointed out that seven drought events were identified for Castanhao drainage basin
the State of Cearduring 19812017, with a cumulative duration of 176 months. Regarding
severity, this was approximately 130 (Sum of SPI). st severe drought events occurred
between 1982 and 1994, with a cumulative severitys@f The droughts events in this period
were associated with El Nifio events (108283 and 19921993). The statistical performance
(Nash = 0.72 and RMSE =88n3, eqivalent to 1%) indicates the good quality of the
simulation, pointing the possibility of the usage of this method for the simulation of the
evolution of the storage level in tlgastanhdo reservoir (Figure E.@his preliminary study
highlights the fragity of this system in providing water resources in order to efficiently meet
the demands of the region during the long dry periods. In this context, the hydrological
projections of this study can subsidize the management and strategic planning of water
resources. Considering the climate changes projected for the Northeast of Brazil (Marengo et
al., 2019), with less frequent and smaller quantities of rain, as well as the increase of the
temperatures, it is necessary to increase the resilience, includingeshanpopulation habits

and the capacity of answers of the metropolitan region of Fortaleza, fundamental aspects to face
future challenges.

Long-term trends of precipitation were obtained for the main river basins in Brazil (Figure E.6)

and the prelimiary conclusion is that the trends in precipitation are consistent with streamflow,

showing the important role of climate variability and change on streamflow. This analysis also
provides an evaluation of susceptibility of cities to extremes of precipitatid streamflow.
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data;grayline represents the simulation using the observed rainfall and evapotranspiration; purple and
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From Figure E.7it is recognized that over the last decade, hydrometeorological extremes have
become more fregunt and intense in Brazil, with records of significant socioeconomic impacts
and losses of human lives in Brazil, leading to the need of strengthening of disaster risk
management at local levels. In 2010, the number of people affected by natural dis&sters

was about 96 million in contrast to recently period, when approximately 123 million were
affected by direct or indirect damages. During the last decade, more than half a million people
have been made homeless by landslides and floods mainlyxpgyessive part of affected
people is in the Southeast region, which accounts approximately 66% of the total disasters
occurred in the country. In terms of cost, events such as landslide in Rio de Janeiro (e.g.

mountain range in 2011) totaled approximatel$ 2 billion with at least 780 million for
rebuilding.

Young et al (2019) shows thatthe primary concern of decision makers in Brazil is related to
flood and landslide, which is almost equally divided between them. Flskds pointed out by

77% of respondats as the most frequently evaaddressed in planned measures followed by
landslides (Figte E.§. Flood tends to be larger in sealed urban areas beuwsilskess water
storage capacity and more rapid runoff, wieel rises quickly during storsnwith higher peak
discharge rates tharegetated areat the same way, landslides can be triggered by heavy rain
mainly in the mountains where excessive runoff and interruption of tributadesrs due to
barriers such as stones, tree trunks, briddéss naturaldisaster affects people living in

vulnerable areas and is one of misfortaingt kills more people in the country, particularly in
SoutheasBrazil.
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Figure E.7- Longterm trends of precipitation: (a) Mean annual precipitation, (b) seasonality of mean
precipitation, (c) maximum annual precipitation, (d) annual mean duration of dry spells. Diamonds with
black contours in (a) and (b) and colored circles in (c) @hdhow trends statistically significant at the
95% confidence level according to MaKendall test.(Chagas 2019)
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Participant institutions are CEMADEN, UNICAMP, UFSC, FIOCRBZ, ANA, Secretariade
Agriculturafamiliar e CooperativismédVAPA, SUDENE

Key publications

Cunha AP, V Mrchezini,DP Lindoso,D Pereira, S &to, RCS Avala, (2019) The challenges of
consolidation of a droughrelated dsaster risk warning system taa&il. Sustainability in Debate, 10, 43
76.

Marengo JA, AP Cunha, WR Soares, RR Torres, LM Alves, SSB BitdCuartas, K Leal, G Ribeiro

Neto, RCS Alvala, AR Magalhaegq19) Increaseisk of drought in the semiarid lands of northeast brazil

due to regional warming above 4 °c. In: carlos a. nobre: Jose A. Marengo; Wagner R. Soares, (Eds.).
Climate Change Risks frazil. 1st EdSpringer International Publishing, 2019, p. 4810

Young AF, JA MarengpoJOM Coelho, GB Scofield, CC de Oliveira Silvab, CC Prieto (2019) The role of
naturebased solutions in disaster risk reduction: The decisiaker's perspectives on urbasitience in
S&o Paulo state, International Journal ifaBter Risk Reduction, 3201219


https://doi.org/10.1007/978-3-319-92881-4_7

ChagasV.B.P. (2019) Mudancas nos regimes de chuva e vazao no Brasil, de 1980 a2P095.159p.
Dissertacdo (Mestrado em Engenharia AmbientalPrograma de PéGraduacdo em Engenharia
Ambiental, Universidade Federal de Santa Catarina,
2019.pttp://www.labhidro.ufsc.br/Artigos/dissertacao_vinicius)pdf

E.5. Impacts on Brazilian ecosystemsdn view of changes inand useand biodiversity.

Deforestation rates have declined substantially across the Brazilian Legal Amazon (BLA) over
the period from 200@013. However, reductions in fire, aerosol and carbon dioxide have been
far less significanthan deforestation, even when accounting for taterual variability in
precipitation. Our observations and analysis support a decoupling between fire and deforestation
that has exacerbated forest degradation in the BLA. Basing aerosol and carbon dioxide
emissions on deforestation rates, without accounting for forest degradation will bias these
important climate and ecosystdmalth parameters low, both now and in the fuiiFigure

E.9. Recent increases in deforestation rate since 2014 will enhance degcadation,
particularly during drought conditions, increasing emissions of aerosol and greenhouse gases.
Given Brazil's committed Nationally Determined Contribution under the Paris Agreement,
failure to account for forest degradation fires will paintaésd picture of prior progress and
potentially have profound implications for both regional and global climate. The main partners
are USP, UNB, INPE, UFAM, and Max Planck Institute from Germany
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Figure E.9 Carbon dioxide emissions from all fire emission classes from-2027. (a) CO2 emissions
averaged over the main biomass burning months (Au@uasiber) on a 0.25 degrees pixel grid. (b) Time
series and trends in carbon dioxide emissiofigom PRODES eéforestation areas jointly with the fire
related carbon dioxide emissions from the Global Fire Emissions Database {zHED#4en thin blue
and red lines represent linear trends in Figure b.

Biomass estimates for the Amazon biome, which comprises alnadktoh the country
(4,196,943 km2), were based primarily on the forest inventory from the RadamBrasil project
and IBGE previous vegetation map. RadamBrasil covered nine plant physiognomies, which
account for approximately 90% of the Amazon biome. The a&mstockof other 20 plant
physiognomies in the biome (not covered by the RadamBrasil inventory) was estimated based
on values found in the scientific literatur&he figure summarizes the processes 208 used to
generate regional biomass estimates @& Almazon biome. RadamBrasil plots had their basal
area and biomass calculated. Inverse distance weighting (IDW) interpolatas then
performed to generate a continuous surface of basal area for the entire Amazo(Higonee

E.10

1C
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Figure E.10 Processe used to
produce regional biomass estimates
the Amazon biome. AGB indicate
above ground biomass: BCF, bi
correction factor, IDW: inverse
distance weighted (Bustamante et
2018)
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Weinzierl, M Wendisch,H Ziereis (2018) Aerosol characteristics and particle production in the upper
troposphere over the Amazon Basin. Atmospheher@istry and Physics, 18, 9261, 2018.

Bustamante, MMC, JSO Silva, RZ Cantinho, JZ Shimbo, PVC Oliveira, MM Santos, CA Nobre (2018)
Engagement of scientific community and transparency in C accounting: the Brazilian case for
anthropogenic greenhouse gamissions from land use, lande change and forestinvironmental
Research Letterd 3(5), 055005.

E.6. Health and climate change

For the second yeaf the INCT MC Phase,2he part of the project related to the drought and
health index, analyzed the main variables related to vulnerability in theasiehtiegion. The
studied area, treated as a pilot, included 65 municipalities in the states of Pernambuco, Piaui and
Bahia. Factor analysis showed that five factors explained 85.99% of the variance. The
configuration of the variables in each factor allowed to classify them in the following
dimensions: i) social & health infrastructure (factor 1); (ii) demographics and infectiou
diseases (factor 2); iii) environmental health (factor 3); iv) dengue (factor 4); and v) water
availability and health (factor 5). The second factor includes the variables related to the
demography and infectious diseases dimension. It is positivedyedel for instance, to the
variable American visceral leishmaniasis (AVL). The construction of the Vulnerability bfdex
Drought and Health (VIDH) was based on the results obtained in the factorial analysis. The
loads obtained in each factor were consdeo assemble the regression equations and generate
the values of the indices. In Piali American Visceral Leishmaniasis is an important public
health issue. The above studies are complimentary and point to the process of AVL expansion
in Brazil and theales of climate and social vulnerability in this process.

11



FigureE.11shows the area of potential expansiohwizomyia longipalpisvector of American
Visceral Leishmaniasis (AVL), in southern Brazil, where the climate will be more favorable to
its occurence in the middle of the XXI century, according to both climate change scenarios
(RCP 4.5 and RCP 8.5). For the AVL vectors, the state with the largest expansion area was
Santa Catarina (25.3% of the territory will gain climatic suitability for theorsah the future)

and with a larger area of contraction in Amazonas (53.3% of the territory will lose climatic
suitability for the vectors in the future). The potential distribution areas of the vectors in these
current scenarios were overlaid with thetgudial distribution areas of the respective human
diseases, ACL and AVL . For AVL, about 68% of the potential distribution of the disease was
overlapped by the potential distribution laflongipalpiswith the remaining 32% indicative of

gaps in the ocavence of these vectors in the North and South regions. These shortcomings may
represent a lack of field studies or insufficient published dMain partners are FIOCRUZ,
UFMG.

A A

Lutzamyia longipalpis
Adequabilidade Climética
2050, RCP 8.5

Lutzamyia longipaipis
Adeguabilidade Climatica
2050, RCP 4.5

Il Estivel I Estivel
I Contracao I cContragao
I E:xpansao Il E:pansao

Figure E.10 Climatic suitability for Lutzomyia longipalpisthe main vector of American Visceral
Leishmaniasis according to the clirmathange scenarid®CP 4.5 (right) and RCP 8.5 (left{Bruno M.
Carvalho & Elizabeth Rangel, Instituto Oswaldo Cruz, FIOCRUZ )

Key publications:

Falcdo de Oliveira E, EAB GalathGd Oliveira, EF, RangeBMd Carvalho (2018) Ecological niche
modelling and predicted geographic distribution of Lutzomyia cruzi, vector of Leishmania infantum in
South America. PLoS Negl Trop Dis 12(7): e00068&tps://doi.org/10.137Tburnal.pntd.0006684

E.7 Economy andimpactsin key sectors

The most important result achieved by the group of the INCT MC Phase 2 during the second

year of the project is related to teveloping of a unique database at the municipality level to

be used by various modelling initiatives related to some of thgoory projects. It is now

possible to develop interregional inpuitput systems for various regional settings in Brazil to

be further used to calibrate CGE models. Such database is to be used in year 3 to calibrate a

mo d e | for Brazilds semiarid and a model to S«o
a study on the economic impacts of droughts méldeveloped; in thettar case, the model will

be integrated with hydrological models developed by the subcomponent Water Security. The
regionalization method has been tested and implemented in different countries Eifire

The work was developed in collaboration withRJEEMADEN, IPEA, and INPE.
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Figure E12 Applications of the regionalization method for different countries developed by the research
team (Brazil, Morocco, Mexico, Colombia, Greece).

D . Eshahamay, Eduardo A Haddd & Mchon L. L

Key publications

Haddal E, N LozaneGracia, E Germani, R Vieira, S Nakamura, E Skoufias, B Alves (2019) Mobility in
Cities: Distributional Impact Analysis of Transportation Improvement in Sdo Paulo Metropolitan Region
Regional,Transport Policy 73, 125142.

Vale, VA, FS Perolde, AB Chimeli (2018) International trade, pollution and economic structure:
Evidence on CO2 emissions for the North and the South.” Economic Systems ResearchlB0:1, 1

E.8. Modelling the earth systemand production of future climate scenariosto study
Vulnerability, Impacts and Adaptation

During the second year of activities of INIC?2, its modeling component has reached higher
levels of both technological and scientific achievements. Technologically, the Modeling
Component has reached the versidhdf its BESM coupled global climate model (with the use

of an upgraded version of the ocean model, MOM5 coupled to the newest version of CPTEC
global atmospheric model, BAM1.0). Scientifically, 1,000+ years long run of the BESM model
under the assumptiosf a warmer climate revealed the reduction, and eventual reestablishment
of the Atlantic Meridional Overturning Circulation (AMOC). Looking into the futuhe new
version of BESM2.9 is being used to compute the Brazilian scenarios for CMIP6, whose
preliminaryresultswerepresented at CMIP6 Model Diagnosis Workshop in Barcelona, Spain in
March 2019(Nobre et al. 2019 The climate change scenarios computed by the Modeling
Component of INCIMC2 are being utilized by several research groups in Brazil within INCT
MC2, as well as among other INCTs.

The Regional Earth System Model (RESM), based on the Eta Regional Climate gdadhg
developed in parallel with the BESM. The Eta hasrdstart fundbnality of the modetevised

in order to operate with the FMS coupbes used by BESMOther physics processes, such as
radiation, lanesurface, and dynamic vegetation, have bmmipled and updated in the Eta RCM
(Figure E.13). The modifications follow the new coding structure of the model.
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Figure E.13 Model
BESM + RESM strategy for the BESN

(BAM_MOMS6) + ( EtaRCM ) and RESM runs for this
component for future
clomate change
projections.

BESM BESM

(1961-2010) { 2010-2100)

|

Eta (1961-2010) Eta (2010-2100)

Key publications

Veiga SF, P Nobre, E Giarolla, V Capistrano, M Baptista Jr, Marquez, SN Figueroa, JP Bonatti, P
Kubota, CA Nobre (2019)The Brazilian Earth System Model dcatamosphere (BESMDA) version 2.5:
evaluation of its CMIP5 historical simulation, Geosci. Model., 12, 16181642.

Nobre P, EB Pereira, FF Lacerda, M Bursztyn, E Haddad, D Ley (2019) lar Smart Grid as a Path to
Economic Inclusion and Adaptation to Climate Change in the Brazilian Semiarid Northeast, International
Journal of Climate Change Strategiand Management, in press.

E.9. Communication, disseminationof knowledge andeducation for sustainability.

The work developed by cross cutting theme Communication, knowledge diffusion and
education for sustainability of the @I MC Phase 2, in Year Rwolved analysis of the
narrative, discursive and sensorial operations of many materials for the communication of
climate change aiming the evaluation of the effectiveness of communication and education
politics. The studies indicate that there is a prethance in bets that seek to persuade and to
convince the public. These bets can result in a simplification of a supposedly didactic nature
that makes difficult an effective dialogue on the relation between human activities and the future
of the planet. Anong other activities in Year 2,ig shown in the analysed materials to convince
and persuade the public often falls to words, images and sounds marked by denunciations and
judgments, abstractions and generalizations in which the human being is sedravedand
outside nature, he is placed as a villain or savior. This anthropocentric perspective, that
predominates in the communication of science, is based on the same ontological and
epistemological assumptions that have generated the climate Tigisvork was developed by
UNICAMP in collaboration with USP, Unesp, Unifesp, UEFS, IF Baiano, UFRN, UFC, UFRJ,
UFSC.

Instead of convincing the public we have looked for possibilities @freation with the public

of images, words and sounds that geteereew sensibilities and escape of the environmental
catastrophic an@nthropocentrigerspectives of the mass media. It is one of the aims of the
Transversal Theme of Communication. Figure E.14 shows an image resulting from workshop
with embroiderers.
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Figure E14. Perception of global warminy
by embroiderers

Key publications

Dias S, C Rodrigues, F Pestana (2019) Entre limitesssbrenm mar: fazer escuta para novos possiveis na
politica de comunicagdo das mudancas climaticas. In: Kanashiro, M.; Manica, D. (Org.). Ciéncias,
culturas e tecnologias: divulgacdes plurais. Rio deida: Bonecker, 2019.

Dias S, S Wiedemann, S, C Amorim, A. C. (Or@dnexbes Deleuze e Cosmopoliticas e Ecologias
Radicais e Nova Terra e@l«ampinas: ALB, Cli macCom,

Summary of activities and scientific production of participants of the INCTMC Phase 2
project (researchers, students, post doctors, and other collaborators) during Year 2 of the
project

Events organized by the INCT MC Phase 2 and its components with interaction { 42
sub components of the project in Year 2

Public hearings (Brazilian Federal Congres3amara e Senado) 3

Participation in scientific events relevant to the INCT MC Phase 2 with accepted ab 139
or presentations

List of publications and technical reports 168

Fellowships (bolsas) granted by FAPESP andrdineding agencies in Year 2 (includin¢ 18
students) relevant to the INCT MC Phase 2

Students working with the components of the project 24
Other activities (Interviews, press releases) 14
FAPESP Projects associated to the INCT MC Phase 2 8

Coordination meetings (Steering Committee, coodinators) from the INCT MC Phasg 6
and with other INCTs
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INCT Climate Change Phase 2
(INCT MC Phase 2)

1. Overview

The INCT for Climate Change Phase 2 (INGIC Phase 2pims to implemenanddevelop a
comprehensivaetwork ofinterdisciplinary researcbn globalchange and sustainabiljtgndis
based on theooperationbetweenabout 30research groupBom all regions of Brazil and 4
international research groypivolving in its entirety over approxinately 350 researchets
students andcollaborators and establishing itself asone of the largestnetworks of
environmentatesearch developed Brazil.

The prograntonsists obix thematic linegor subcomponenjs

Food security;

Water security;

Energysecurity

Healthand climate change;

Naturaldisastersimpacts omphysical infrastructuren urbanareasand urban development
Impactson Brazilian ecosystenis view of changes imand useandbiodiversity,

ogakrwnE

All thesecomponentsre connectedia 3integrative themes or cross cutting themes

1. Economy andmpactsin key sectors

2. Modelling the earth systemand production offuture climate scenariogo study
vulnerability, impacts adaptatiorand resilience

3.  Communicationdisseminatiorof knowledge an@ducation foisustainability

The development of thitNCT MC Phase Zcientific agendavill provide optimum conditions
for the country talevelopscientific excellencén various areasf global environmental change
and its implications for sustainable developmenespeciallywhen you consider thathe
economy ofdeveloping nationgs strongly associated withenewable naturalesourcesasis
strikingly the case in BrazilThe emphasion the impactsof global climate changen
agriculture,health renewable energyirban developmenand naturablisasters such antral
themesintegratedwith environmentalmodelling the economicsand the communicatiorof
these impactso the publi¢ scientific communityand academicsector industry busiressand
governmentcan contribute tamaintain excellencén activitiesin Science& Technology&
Innovation as the axisof sustainableenvironmental developmentvith an integrativeand
innovative character

This project includesknowledge transfeusing instrumentsthat go beyondonly scientific

articles, but producingaudiovisual web tools and other outletsthat allow a scientific

education of the populatiorimproving the impactof Brazilian scienceand also a greater
international integratioof Brazil in environmental negotiations

Different from the Report of Year 1, where only FAPESP funcimdponents were reped, in
Year 2 we decided to include all components of the preyébt contributions froninstitutions
outside of the State of Sa&aulo: UFMG, FIOCRUZUFPE,UFSC, UFRJUFCG, UFRGS,
FUNCEME, IPEA, amongotheis. This provides a better holistic view of the project and its
componentand interactions

2. Objectives and goals
From the submission of the proposal in 2014, some of rilgenal objectives have changed or

new objectives have been added
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3

To implement and developa@mprehensive network of interdisciplinary reseaynhglobal
environmental change and sustainability

To develop actions aimed atssessing adaptatiolo environmental changes and the
transformation tcsustainability to reflect thevulnerabilitiesand resiliencetrajectories and
propose ways in adaptirig these changes, especially in relation to decision ipaligcal

sphere

To mergesciencewith educatiorfrom primary to the posgraduate levels.

To provide anoverview of issues related teustainability and environmentakociat
corporate responsibilityin order to facilitate the participation or even the implementation of
activities in differentareas of management of public and private institutions and their
relationships with stakeholders.

To maintainexcellencen activities in Science & Technology & Innovation as the structural
axis of sustainable environmental development, with an integratbinnovative character.

To transfer knowledge using instruments that go beyond only scientific articles, but
producingaudicvisual materiglweb tools and other outlets that allow the development of a
scientific culture in society, improving thampact of Brazilian science and enabling
increased international insertion of Brazil in environmental negotiations.

To develop a research agenda in global change to identify and understand the current
impacts of climate variability on natural and humartesys in Brazil;

To enhance and expand the scope of studies on global changes and their impacts on
important sectors to the economy of Brazil.

To engage and educate society, aiming to increase the resilience of these sectors.

To sensitize the public perception of science and technology in relation to global change and
impacts on society.

To contribute prominently in the reseamihd developmeraf the National Plan on Climate
Changeand the National Adaptation Plan to Combat Dight and Desertificatignin
partnership with federal, state and international research programs on global change

To produce publications and model data that can be used to provide sctamtifibutions

for the IPCC AR6special reports of the BrazilidPanel of Climate Change and the Fourth
National communicationfdrazil to UNFCCC.

Coordination

Coordinator: Jose A. Marengo, Researcheevel 1 ACNPgq CEMADEN, SaoPaulo
Vice-Coordinator: Tercio Ambrizzi, Researchelevel 1 ACNPg IAG USP, Sadraulo

-Steering Committee

Name Field of work Institution e-mail
Jose Antonio Project 6 s | CEMADEN jose.marengo@cemaden.gov.br
Marengo Orsini Climate modelling,
impacts and
vulnerability
assessments
Tercio Ambrizzi Vice-coordinator, IAG USP ambrizzi@model.iag.usp.br

Climatology, climate
studies, water security

Paulo Nobre Oceanic and coupled| CPTECINPE pnobre@cptec.inpe.br
atmospher@cean
modelling
Roberto Schaeffer | Energy and climate | COPPE UFRJ | roberto@ppe.ufrj.br
change
Paulo Eduardo Environmental IF USP artaxo@if.usp.br
Artaxo Neto physics, Amazonia,
andclimate change
Eduardo Mario Hydrology and water | USP EESC emm@sc.usp.br
Mendiondo security
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Ulisses E C Health and climate CEDEPLAR uconfalonieri@gmail.com
Confalonieri change UFMG e
FIOCRUZ
Eduardo Haddad | Economy of climate | FEA USP ehaddad@usp.br
change

All members of the Steering Committee (CG) are also coordinators of the Associated
Laboratories. The Federal University of the Sate of Santa Catarina (UFSC) and the State
University of Campinas (UNICAMP) are also Associated Laboratories.  Associated
Labomatories are those centers whose members are part of the CG but are not part of the group
that is submitting the proposal. The progress of the Project will be monitored by a Scientific

Committee (CC), that is constituted by the coordinators of the sub cemiso(themes) and
from the cross cutting activities.

-Coordinators of each component of the INCT MC Phase 2

Duties

Coordinators (institution,
state)

Activities to be developed in the Project

Coordinator

J. Marengo (CEMADEN,
SP)

Coordination of the project, climate modelling, impacts
and vulnerability assessments, extremes, adaptation,
leader of the CG e CC.

Vice-coordinator

T.Ambrizzi (AG USP, SP)

Vice-coordinator of the project, climatology, climate
studies, water securitjpember of the CC and CG.

Subcomponents or cross
cutting themes

Coordinators (institution,
state)

Activities to be developed in the Project

Water Security

E.Mendiondo (EBCUSP,
SP)

Hydrology, water security, risk assessments,
subcomponentoordinator, member of the CG

S. Montenegro (UFPE, PE)

Hydrological modelling in urban and rural areas, in the
Brazilian semiarid, coordinator of sub component,

Food Security

E. D. Assad (EMBRAPA,
SP)

Food security, agriculture modelling, coordinator of su
component

Energy Security

R. Schaeffer (UFRJ, RJ)

Energy and climate change, coordinator of sub
component and member of the CG

E. B. Pereira CCSTINPE,
SP)

Renewable energies, energy and cterzhange. Wind
energy and solar potential scenarios, coordinator of s
component

A. Szklo (UFRJ, RJ)

Energy and climate change, coordinator of sub
component =

Human health

U. Confalonieri (UFMG

Health and climate change, vulnerabiktyd climate

FIOCRUZ, MG) health, coordinator of sub component, member of the
E. Rangel (UFMG Health and social communication, education, coording
FIOCRUZ, MG) of sub component

Economy and impacts on
key sectorg

E. HaddadREA USP,SP),

Economics of climate changegordinator of cross
cutting thememember of the CG e

S. Margulis (IPEA, DF)

Economics of climate change, coordinatbrross
cutting theme,

J. Feres (IPEA, DF),

Economics of climate change, coordinatbrross
cutting theme,

Communication,
knowledge diffusion and

education for sustainability
*

A. Amorim (UNICAMP,
SP)

Linguistics, scientific communicatiospordinator of
cross cutting theme,

S. Dias (UNICAMP, SP)

Educationi knowledge and artoordnator of cross
cutting theme,

Modelling the Earth
System, generation of
future climate change
scenarios formpacts
vulnerability-adaptation
studie$

P. Nobre CPTECINPE,
SP)

Oceanic and coupled oceatmosphere model
development, BESMBrazilian EarthSystem Model,
coordinator of cross cutting theme, member of the CG

S. Chou CPTECINPE,
SP),

Regional climate modelling, high resolution future
climate change scenariagjordinator of cross cutting
theme
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Natural Disasters, urban
areas, physical
infrastructure and urban
developmerit

R. Alvala (CEMADEN, SP)

Natural disasters, impacts and risk assessments,
coordinator of cross cutting theme,

R. Rodrigues (UFSC, SC)

Natural disasters, coastal regioosprdinator of cross
cutting theme,

M. Barata (FIOCRUZ, RJ)

Climate change and urban development, resilient citie|
coordinator of cross cutting theme

Impacts on Brazilian
ecosystems in view of
changes in land use and
biodiversity*

P. Artaxo (F USP, SP)

Environmental physics, Amazoniegordinator of cross
cutting theme, member of the CG

M. Bustamante (UNB, DF)

Greenhouse gases emission inventories, studies on th
cerrado area;oordinator of sub component

Water Security*

E.Mendiondo (EESC USP,
SP)

Hydrology, water security, risk assessments,
subcomponent coordinator, member of the CG

S. Montenegro (UFPE, PE)

Hydrological modelling in urban and rural areas, in the
Brazilian semiarid, coordinator of sub component,

Health and climate change

UlissesConfalonieri
(Centro de Pesquisas René
Rachou, FIOCRUAMG)

Health and climate change, vulnerability and climate
health, coordinator of sub component, member of the

Elizabeth Rangel
(Instituto Oswaldo Cruz,

FIOCRUZRJ)

Health and socialommunication, education,
coordinator of sub component

(*) Institutions located in the State of Sao Paulo

4, Organizational structure

Consicering the objectives of thtNCT MC Phase 2we organize the project isix thematic

lines(or subcomponenjs
1 Food security;
2 Water security;
3 Energysecurity
4 Healthand climate change;
5

development

Natural disasters impacts on physical infrastructurein urban areas and urban

6 Impactson Brazilian ecosystenis view of changes ifand useandbiodiversity

All thesecomponentsre connectedia 3integrativeor crosscutting themes

7 Economy andmpactsin key sectors

8 Modelling the earth systenand production offuture climate scenarioso study
Vulnerability, Impacts anddaptation
9 Communicationdisseminatiorof knowledge an@ducation foisustainability

The coordinatals work is aimed at building mechanisms and interaction considering the
scientific basis of the different components and crosscutting themes and scenarios and models to
support he development of strategies and trajectoriesaftaiptation, resiliencand global
environmental change and pathways to sustainability in Brazil. For such integration, specific
activities with the coordinators of each component and each-ttres®e worksbps and
scenarios, along with the political spheres (when appropriate) will be the responsibility of such
coordination, and will be directed to the construction in a participatory manner among different
stakeholders (scientific community, decision makers)rder to promote adaptation, resilience

and sustainability under environmental changes.

The purpose of thmtegrativethemes is tavork with “the different components, cresstting
themes, and models and scenarios, aims to generating scientfimatibn on the impacts of
global environmental change on key sectors for integrated manner throughout the project (1)
provide adaptive stock options; (2) pinpoint areas in sectors where policy decisions need to
consider “climate change more urgently; (8ppose trajectories of adaptation in different

18



sectors and focusing on building resilience to optimize or (4) point or map priorities for adaptive
actions, helping the country in key sectors, for more resilient and adapted trajectories of climate
change m order to promote sustainability on a national sc8e. far, in 2018019 the
Communications component has been interacting with some gthaps of the mject to
establish strategies dfssemination of the products and results of each component.

It is expected that the coordination and integration actiwityild includea series of workshops

from each componernd two conferences, followed by interviews and process assessments and
analyses of the partial results of each component, and consectitiestafter to be assessed
and worked togethebetweenmembersof the INCT MC Phase 2and some guests from
government, the decision makers in such specific workshops. The results of each watikshop
provide important subsidies the political sphere bigelping in the development appropriate
adaptation measurdsat fit thereality and particularities of different regions of the country.

We expect that the legacy of the INCT MC Phase 2 will be on the same line as its predecessor
INCT MC Phase 1. Coributions to the IPCC AR1.5 and IPCC ARG, the special reports of the
Brazilian Panel on Climate Change on coastal cities and biodiversity, the special report of
adaptation to climate change in lbe&kmerican countries by the RIOCC and the impacts and
vulnerabilities studies for the Fourth National Communication of BrazinédJNFCCC.

The INCT MC Phase 2s closely linkedwith otherresearch networki federaland state
climate changeFirstly, is directly associated with th&®ede Clima(redeclima.ccsinpe.br),a
programof MCTIC, and its structurewill cover the scientific and technologicalspectsof
interestthis Network It is alsoassociated with severedsearch projects idimate changein
particularthe FAPESPResearch Prograwn Global Climate ChangéPFPMCG),the research
networksin SaoPauloINCLINE (Center forResearch Suppoirt Climate Changeand CEPED
(CentreStudiesand Research dpisastef coordinated by the/SP. CEMADEN has allocated a
secretary in support of the managingj\aties of the INCT MC Phase 2.

The development of thproposedresearch agendarovidesoptimal conditionsfor scientific
excellencein various areas oflobal environmentathanges presented Figure 1 and its
implications forthe sustainabldevelopment oBrazil, especially when one considdisat the
growthin developing nations closely relatedo exhaustible naturaksources

In the INCT MC Phase 2, CEMADEN is in the process of implement and mamnfaioject
portal on the Internet vih content specifid¢o the variousstakeholdersl) For researchersfile
publications Discussion Forum posting information system for reports of activities and
resource managememinddaily ticketsandbags 2) For students anéducators to download
educational materialsinteractive gamesmultimedia materiats3) To the media- "press
releases"on the researcliesign images videos 4) For businessesand governments- to
material specifito support environmentablicies
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Associated Laboratories Scientific Committee(CC) Steering Committee(CG!

Executive Secretary INCT MC

Integrated analyses of all components and themes, decision
making processes, public policies
(coordination, CC, CG, and Associated Labs.)

Com

Figure 1. Structure of the new INCT M@hase 2

Figure 2 displays thenational and internationacope of the projednd shows thathere are
several groupsf consolidatecandunconsolidatedesearctthat will benefit by participating in
this researcmetwork.Figure 2showsthat thisproject plandNCTs closely with othenetworks
andnational andnternational researatelatedto issues ofjlobal change and sustainabiljtgnd
expects to generaszientific productdhat can helpn large studiesuch adPCC and PBMC
andcanalso helpn internationakenvironmental negotiations

PRODUCTS

International collaboration

7 Rede Clima

Figure 2 Scope of the INCT M®hase 2 at the national and international level

In Year 2 of the project, scientifilmteractionsand integration ofresults will beobtained
primarily by conductingscientific meeting®f various kindseither totally or partiallyledicated
to the projectThe ScientificCommittee and th&teering Committe¢CG) shallmeet at least
once a yeafin persof), and cammeetvia Skypeor webinarasmany times asecessary. We
met once in November 2018 at the FEA USP. In June 2018 we presented th&IMNBhase
2 at the Brazilian Congres3amara dos Deputadand Senadaogether with other initiatives

on climate change.
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5. Reports by component

In the following we focus on the reports from each sub componerdrasscuttingcomponent,
showing main results dnactivities developed in Year @f the project. We also include
information on new team members coming into the project, explain some changes in the
coordination of the components if that is the casd plans for Year.2 All information on
scientific production and activitiekom ead of the component$workshops, publications,
participation in evenisuse of the BC an®T, fellowships polsag) are listed in upcoming
sections. The report is from activitideveloped byll components of the project.

5.1 Food seurity

The climatologic data were raised, organized and standardized fBraailian territory. The
variables are: reference evapotranspiration, (ETo), precipitation (mm), minimum temperature
(°C), maximum temperature (°C), solar radiation (kWh/day/m?), reldtwmidity (%), wind
speed (m/s) from 01/01/1980 to 31/12/2015 (XAVIER, 2016). Other climatologic that contains
future precipitation (mm), minimum temperature (°C), maximum temperature (°C) was obtained
from HADGEMZ2-ES model from 1970 to 2100.

-, . weather station
Figure3: Geareferenced stations Hadgen and Xavier.

Both databases, Xavier and HADGEMES, were compared with measured climatology data
through the Kolgomoro&mirnov (K-S) method that testified the degree of agreement between
measured data and observed data.

Supported by KS method, the water balance for each weather station was made for the periods:
19862015, 20062015, 20212030 e 2032040. The spatialization to evaluation of water
deficiency for allBrazilian territory along the years was made through dhginary krigging

tool within Geographic Information System (GIS).

In the first year of project, the land use bases (FBDS, 2015; Mapbiomas, 2015) were organized
and resampled to the same spatial resolution to obtain accuracy through the kappa index. The
layers of agriculture and pasture for Mata Atlantica and Cerradoebiware generated of
intersection of anthropic areas (FBDS, 2015) and pasture areas (LAPIG, 2015). Polygons of that
result and larger than 10ha were defined as pasture. The agricultural layer is others polygons in
anthropic areas (FBDS, 2015) just in coastthat exists any agricultural production indicated

in IBGE.

The database: climatology and agricultural and pasture areas will be used for analyse the impact
of climate change on the productivity of Brazil's main crops as well as on livestock production
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Figure4: K-S concordance test within SAS System

The most important results obtained in the INCT MC Phase Z@uponent agriculture, in

2019, was to finalize the organization of spatial data, relating to land use, and simulate the water
balance forall Brazil, in a regular grid of 25 km, for the years 128®5, 200582015, 2020

2030 and 2032040, using the HADGEMES model.

In the case of the mapping of land use, the class of interest is anthropism, which-tlassub
agriculture and pasture, veh are already separated. Thus, to verify if there will be a reduction
of food supply by 2040, the estimate will be made in the polygons that involve the class
anthropism. In the result of the water balance, the maps of the water deficit already indicate
which areas will be most affected by the increase in temperature and reduction of rainfall. In
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general, 85% of crop productivity depends directly on the greater or lesser water deficiency in
the soil.
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Figure 7 Flowchart of the next steps of the fosekurityproject

5.2 Water security
Theobjectiveof the subcomponentemainghe same:

"To analyseindicators of water security in major Brazilian basinsassociatedwith climate
changeto proposeadaptation strategiesthat promote resilience and sustainability of user
sectoroofwaterr e sour ces. 0

In this secondyear, we havefocusedon the developmenbf diversestrategiesyangingfrom

experimentabndmodellingto governancealsoto producequantitativeoutputsassociatedvith

the impactsof climate change(CC) and land use and cover change(LULC). Thus,in this
secondyearwe continuedto outline the areasrecommende@ndwith moreattentionin year1l

(seeReportof Year 1): (i) introducing more feasibleframework of dialoguethrough Socio

Hydrological Observatoryfor Water SecuritySHOWS;(ii) performingregionalmodellingand
uncertaintyof predictions;(iii) initial testsof SHOWSthroughunderstandingisk perception
and enigmaof p e o p rhemeryusing sociohydrology underclimate changg, (iv) kick-off an
internationalSchool of AdvancedStudieson Water & Society under Change(SASW&SC),
chairedby a network of INCT MC Phase2 waters e ¢ u rinstituyodssand (v) outreachof

cuttingedgesolutionsof water security under climate changewith local action planson the
nexusfi w a-energyfood-biodiversityh e al t h 0 .

We have also startedthe developmentof specific projects within the INCT MC Phase2,
complementinghe funding received.n this context,the following projectsfundedby FAPESP
and CAPESshouldbe mentioned{(i) Assessinghe key-factorsto waterenergyfood recycling
through bio retention practicesin different scalesand climates (PhD ScholarshipAbroad,
2019/051298); (ii) New methodof valuationof hydrologicalservicesusng water supply and
demanddurationcurvesunderclimate change(Sciencein-Undergraduate2018/221951); (iii)
Sizing, economicanalysisand dynamiemodulardesignof bio retentionsfrom the perspective
of climate changeand land use (M. Sci., 2018/2086%0); (iv) UK-Brazil collaborationfor
investigatingthe nexusbetweenwater, healthand urbanresilience(SPRINT, 2018/08413);
(v) Understandingisk perceptionand enigmaof peoples'memory through sociathydrology
(UK Acad; 2018/034730); (vi) LULC and potentialimpactsin the currentand future water
securityin Piracicaba,Capivari & Jundiairiver basins(Tech. Training; 17/244446); (vii) A
new generationof SustainabldJrban DrainageSystems(SUDS): decentralizedand recycling
alternativedor the security of waterenergyfood nexus(RegularProject;2017/2194€R); (viii)
Schoolof AdvancedStudiesof Waterand SocietyUnder Change- SASW&SC, (EAE-CAPES
88887.198360/20180).
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In the period 2018/2019we haveorganizedregionalandinternationalworkshopsand schools
relatedto water security (with focus on SustainableDevelopmentGoalsSDGs, detailedin
Appendix 1, Item a.1 OpenCommunicationgo the Wide Audience)and hostingMunicipality
WaterSecurityBoards(detailedin Appendix1, ltema.2fi SenéeandPolicyBoar ds 0) .

-Main achievements

Therefore, relevant achievementswere relatedto | N C T M @dtes security outreachand
dialoguewith decisionmakersandstakeholderaroundwatersecurityat severalspatiotemporal
scalesfrom continentalriver basinsdownscaledo municipality and micro-scales all relevant
for the Brazilian NationalPlanon WaterSecurity(PNSH,20192035).

Advancesn watersecurityat continentalandregionalscales

For science oneimportantresult,at regionalandcontinentalscaleswasa new SouthAmerican
runoff modeling (Siqueiraet al, 2018; Fig.8) with a fully shareddatabasetherebyvalidating
modellingin nestedscalesand demonstrativepilot projectsfor all | N C T M Grvatér security
groups. Siqueira et al (2018) extendeda regional, fully coupled hydrologid hydrodynamic
model (MGB; Modelo hidrolégico de GrandesBacias) to the continentaldomain of South
America and assessedts performance using daily river discharge, water levels from

independensources(in situ, satellite altimetry), estimatesof terrestrialwater storage(TWS)

and evapotranspiration(ET) from remote sensingand other avail able global datasetsIn

addtion, river dischargewas conparedwith outputsfrom global modelsacquiredthroughthe
eartH2Observeroject (HTESSEL/CaMaFlood, LISFLOOD and WaterGAP3),providing the
first crossscaleasessrent (regional/continentak global models)that makesuseof spatially
distributed daily dischargedata.A satisfactoryrepresentationf dischargeandwaterlevelswas
obtained(Nash Sutcliffe efficiency, NSE> 0.6in 55 % of the casesyandthe continenal model
was ableto capturepatternsof seasonalityand magnitudeof TWS andET, especiallyover the
largestbasinsof SouthAmerica.

-Advances$n watersecurityat local scales

At micro-scales,Low Impact Development(LID) and SustainableUrban Drainage Systems
(SUDS) practicesare decentralizedalternativesfor flood mitigation and prevention.Recently,
LID/SUDS potentialhasincreasinglybeenstudiedin termsof stormwaterharvestingand Soil
CarbonEnrichment(SCE),asa specialmethodof CarbonDioxide Removal(CDR). However,
there is still a lack of knowledge about potentialities of LID/SUDS in SCE/CDR rates,
especiallyin subtropicalclimate regions.Macedoet al (2019),usinga LID/SUDS bioretention
experimentundernaturalrainfalls comparednput/outputratesof severalpollutants,i.e. COD,
PO4,NO3,NO2,NH3, Fe,Zn andTotal OrganicCarbon(TOC; Fig. 9). TheyfoundLID/SUDS
bio retentionpresentsa good runoff reductioncapacity(meanefficiency of 70%), with TOC-
driven SCErates rangingbetweer23%to 78%.
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Figure 9. Estimatesof soil carbonenrichmentthroughTOC removaland other water pollutantsusinga
LID/SUDS bio retentionexperimentundersubtropicalklimate (Macedoet al, 2019).

- Calibration and validation, spatially-distributed, of hydrological processesunder non
stationarityfor severalscales)and usesandbiomes

The main results lie into modelling efforts of hydrological processesunder two extreme
conditions: flooding and droughts. Both of theselines of investigation had the vision of
producingappropriatenodellingapproacheto be coupledwith climate projectonsin medium
andlong-term. The analysisof the modelsbehaviourand performancean theseconditionswas
alsogiven particularattention,sothatto minimize the associatedincertaintiesvhensimulating
the hydrologicalextremesunderfuture climatescerarios.

Relevantnew insightsand modellingimprovementshavebeenproducedn the themeof flood
extreme events (Falck et al., 2018, Tomasellaet al., 2018a, Fleischmannet al., 2019abc,
FassoniAndradeetal., 2018,Lopesetal., 2018,Siqueiraetal., 2018,Zhanget al., 2018).Also,
rainfall intensitydurationfrequencycurves,very relevantto the designof hydraulic structures
to copewith extremeflood eventswere also addressedas well as hyetographpatternsunder
distinctclimateconditions,to be ableto assimilateprojectionsof future climate (Barboseaet al.,
2018, Rabelo et al., 2018, Lago et al., 2019). In a thread more related to drought
characterizatiorand forecasting,new resultswere producedon drivers and forecastingof the
rainy seasonn the semtarid NortheasBrazil - NEB (HounsouGboetal., 2019,Pinheiroet al.,
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2018a,Delgadoetal., 2018,Pils etal.,2018,Pereiraetal., 2018).

-Smulation of calibrated models,coupling with climate modelsof mediumand long-term, for
prospeting indicatorsof vulnerabilityandrisk of hydrologicalextremesinderfuture scenarios

Regardinghegoalit P r o s pirglicatoisaf \gulnerability andrisk of hydrologicale x t r e me s 0,
activities of the water security subcomponenthave focused on the desertificationtrends
(Tomasellaet al., 2018Db; Vieira et al., 2018), changesin the spatialtemporal patternsof
droughts(Cunhaet al., 2018)andwaterdemandsestimation(Gondimet al., 2018)in the NEB.

Several approachessuch as remote sensingpased index, rainZgaug@pbased standardized

precipitationindex (SPI) and GoogleEarthEngine,wereemployedin thesestudies.Theresults
highlight the importanceof analysingdroughtsat the NEB using datawith a higher spatial
resolutionfor impact assessmerdnd to guide mitigation actions.A soil quality index (SQI),
developedin experimentalunits in the NEB, for agro ecologicaland conventionalirrigated
agriculturalwas proposedas a usefultool that canbe appliedin decisionmakingon land use
and manag@ment.SQI is an indicator aiming at the environmentalsustainabilityof irrigated
agriculturalsystemamaintainingthe ability of the soil to sustainfood productionin agricultural
systemsn the semiarid region (Santiagoet al. 2018).Relatedstudy exdored the leachingand
contaminationpotential of pesticidesand testeda seriesof indices as indicators of their
transportationin the environment(Marqueset al., 2019), and the challengesof integrated
analysisof water quality and quantityin river basinswith limited monitoreddata(Marqueset
al., 2019). A high performance datacentric and userorientedscientific computing platform
was developedandimplementedo enablelocal to regionalanalysisof hydrologicalvariables
relatedto climatechangg(Fioreetal., 2019).

-Evaluation of new adaptation strategies for water security for multiple uses under
nonstationary conditions using classical indicators and new tools for risk transfer of
hydrologicalextremes.

Strategiedfor water security were proposedbasedon conceptualand numericalhydrological
modelsfor a numberof casestudiesover the country.A conceptuamodelof the behaviourof

groundwater piezometric levels and electrical conductivities was the bass for designing
managedaquifer rechargestrategiesn the Recife Metropolitan Region (Coelhoet al., 2018).
Hydrologicalmodels,suchasthe Soil and Water Assessment ool (SWAT), wereinstrumental
for producing and assessingfreshwater quality scenariosfor ecosysterbased adaptation
(Tafarelloet al., 2018; Viana et al., 2018). Also SarmenteBuarqueet al (2019; underreview)

provided the first sociohydrologicalmodel on urban floods, with elementsof coupling to

climatechangescenariosrom INCT MC Phase2.

Forpolicy, theB r a zNatlorialsVaterSecurityPlan(PNSH; ANA, 2019)wasfinally released;
with achievementand questiongpreviouslyformulatedby INCT MC Phase2 6wsatersecurity
researcherfkelatedto communicationandaccordingto INCT MC Phase watersecuritygoal

5 "Newdisciplinesof water securityin graduateprograms,includinginterdisciplinaryseminars
and crosscuttingtraining coursesfor public-and-private sector® JNCT MC Phase2 6vsater
securitygroupsfrom UFPE,UFCG andEESCGUSP createda network,opento otherINCT MC

Phase2 dgsoups,for a new Schoolof AdvancedStudieson Water & SocietyUnder Change
(SASWE&SC/CAPESEAE, 2018). This SASW&SC hasacceleratednterdisciplinarydialogue,
with a seriesof Lectures,Workshopsand Seminarson SocicHydrological Observatoriegor

Water Security (SHOWS)for the PNSH 20192035, also engagingother INCT MC Phase2

subcomponentand world-classinstitutions. Also, this SASW&SC did start policy workshops
with businesdeaderspolicymalers,scientistsjnsurersandinvestorsto discussanddebatenow

Brazilian and internationalorganisationsan understandmanageand mitigate climate-related
waterrisks. (Figure10)
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- Modeling freshwater quality scenarios with ecosysbarsed adaptation in the headwaters of
the Cantareira systa, Brazil

Climatesensitive& LULC scenariog1990,2010& 2035)showednot only recoveringwater

yield fluxesbut alsorestoringwaterquality regimes jf feasibleEcosystenbasedAdaptation

strategies were applied at headwaters of Cantareira System, contributing with Sao Paulo
MetropolitanRegion Supply System (Figure)11
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Figure 11 Synthesis chart of case study of the Upper Jaguarbaaim (drainage areaD 302 km2). (a)
Localization at e drainage areas of the Cantareira system; (b) LULC conditions for scenarios S1 (1990),
S2 (2010) and S2CEDbA (2035); (c) comparison of water yields simulated for conditions of S1, S2 and
S2CEDbA; (d) water yield scenarios compared with Hamaual regimeof S2CEbA scenario; (e)
comparison of duration curves of flows for S1, S2 and S2CEDbA conditions; (f) duration curve¢@3 N

loads for S1, S2 and S2CEbA.
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Although the role of vegetation on streamflow has been widely studied, veigJestigations
have been reported in Brazil with control nutrient sources, transportation and delivery.
Moreover, further field andanodelling research is needed when integrating LULC and EbA
through hydrologically distributed models. Thus, future research could clarifyftherice of
vegetation on water quality and the role of anthropogenic and ndtivats inecohydrologic
processes on a catchment scale.

5.3 Energy security
Objective

To assess the extent to which Brazil's socioeconomic development and the assuniehsed
in energy use are compatible with the objectives of a less cartmrsive and environmentally
sustainable economy.

-Integrated Assessment Models

The main results of the energy component since June 2018 have been the continuous
development oftree different Integrated Assessment Models by the COPPE team: the national
Brazil LandUse and Energy Systems (BLUES) model, the global Computable Framework for
Energy and the Environment (COFFEE) model, and the global-Eotalomy Assessment
(TEA) model These have been the most important products from COPPE. Assessments
performed with the aid of these and other specific models allowed the publication of 10 papers
in JCR indexed journals and an outstanding participation with 6 presentation posters in the
Eleventh Annual Meeting of the Integrated Assessrviatelling Consortium (IAMC), held in

Seville, Spain, in October 2018.

The Brazilian contribution of cumulative amount of CO2e for the period -2050 was
obtained through the global model COFFEEoifhputational Optimization Framework For
Energy and the€environmen} (Rochedo, 2016). The Brazilian carbon budget was estimated at
18 GtCO2 (1.5°C) and 24 GtCO2 (2°C). The emission budgets were introduced in the national
BLUES model. Thus, three scenarios were simulated:

ABaseline scenari o,

Al1. 5AC scenario
A2AC scenari o.

Outputs for the energy sector wexralysedand the water use (withdrawal and consumption)
was quantified for each scenafgure12)

; ‘ Analysis
COFFEE BLUES Water .| Results by ' and
Model C Model Accounting ”| Scemario | | ‘Compnrison
arb | o | i
Budget | utputs : of Scenarios
i
| Water Coefficient Database
‘ Withdrawal
‘ Consumption

Figure 12 Methodological Procedure

Another achievement was the improvement in the estimation of the solar energy resource in
tropical regions from the BRASHSRsatellite model, using an unprecedented statistical
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approach. The study significantly improved the results of the incident sdliationmodel for

the rainy and dry seasons in Brazil. As for the solar radiation forecast, substantial advances in
the implementation of the WR®olar model and the vectorization of satellite images were
achieved as part of the development of a new iated solar energy forecastingethod in
degraded areas (Figure)13
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Figure 13 Potential of Solar Electric Energy estimated in degraded areas.

Trends analysis studies were carried out on the frequency of occurrence of extreme wind speed
events in thestate of Santa Catarina. The objective is to investigate trends in the frequency of
extreme winds and their impact on the state's electrical system. One of the achievements of this
ongoing study was to understand how combined -téghperature and Iull eve limit the
dispatch of transmission lines. Another achievement was the improvement in the estimation of
the solar energy resource in tropical regions from the BRARLsatellite model, using an
unprecedented statistical approach. The study significangyoved the results of the incident

solar radiation model for the rainy and dry seasons in Brazil and also allowed the generation of
scenarios for implementing solar power techgglin degraded areas (Figure) 1As for solar
radiation prediction, subattial advances in the implementation of the \A&ffar model and

the vectorization of satellite images were achieved as part of the development of a new
integrated solar energy forecasting method. Preliminary observational evidence of cloud cover
and the #ect of lake breezes on Brazilian reservoirs pointed to potential gains in wind and solar
energy exploration in a hybrid combination with hydroelectricity. The study of complementarity
between solar and wind sources should also be pointed out as aramhporping study, as

shown in Figure 13
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-Impacts of climate change on solar and wind energy resources

The evaluatiorof the effects of climate changm the solar and wind energy resources requires
the assessment of the uncertainties of the numerical models used by the LABREN/INPE and the
UNIFESP/IM research teams. This required a thorough survey and data quality oéntro
observed wind and solar radiation data from different bases, such as the SONDA Network,
airport data (METAR), INMET and INPE public databases.

Statisticalanalysesare also being performed using results from climate models and reanalysis
data for wird velocities at 10 m above the surface and data from solar radiation incident on the
surface to investigate the differences and similarities between them for the current climate
scenario on a monthly scale (Baseline-ERITEC and HadRM3P). This study isdartant to
evaluate the ability of climate models to produce estimates with probability distribution similar
to those observed in the reanalysis data. After this evaluation, we performed statistical
refinements in monthly climate models to eliminate syst@rerrors and produce more reliable
estimates of solar and wind energy. This is necessary because global climate models provide
simulations for largescale phenomena but require refinement to yield greater representativeness
to local estimates.

We haveapplied these methods of bias removal to the climatic projections, quantifying impacts
on the average values and variability (frequency distribution) of wind and solar irradiation in
future scenarios.

-Thermal comfort and energy performance in urban areas

Another activity carried out by the LABREN/INPE team within this theme was the assessment

of the thermal performance of urban surfaces from a consolidated spectral database. Climatic
changes induced by global warming will change energy use patteritief Bore frequent

heat waves should intensify urban heat islands and energy consumption for summer cooling,
leading to higher greenhouse gas emissions. This study aims to identify the spatial correlation
between spectral characteristics, surface terymeraand built environment to characterize

areas that mi ght be considered fAhot spotso or
this objective, we created a georeferenced spectral database to estimate and map surface
temperature (TS) and spectyall c har acteri ze the study area usi
fractionated vegetation cover (FVC) and index (NDWI) as proxies.
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-Modellingapplied to renewable solar energy resources:

The activities are being developed with the objective of improtliegBRASIL-SR radiative
transfer model for the evaluation and prediction of the solar resource in the Brazilian territory.
This task has been carried out by the LABREN / INPE team in collaboration with UNIFESP /
IM. The objective is to improve the deterration of the effective cloud cover parameter of the
model, calculated from the satellite data. The effective cloud cover parameter is obtained from
the visible radiations attributed to the clear and overcast sky and the actual radiance detected by
the sat#ite at the time of estimation. However, very high visible radii can be observed
frequently in tropical regions, associated to clouds with high vertical development. For these
regions, estimating the visible radiance of the satellite associated withy donditions as a
function of the maximum radiance can lead to an overestimation of this parameter and,
consequently, errors in the evaluation of the surface irradiance, as well as errors in the diffuse
irradiance partition. In order to improve the evalatof the solar energy resource in tropical
regions, the value of visible radiation from the satellite to cloudy conditions was adjusted on a
regional scale using normal direct irradiation (DNI) observations at 22 SONDWRE and

INMET stationsdistribuied throughout Brazil.

-Influence of spectral distribution in Photovoltaic production:

Studies on the impacts of spectral solar radiation on the performance of photovoltaic modules in
Brazil are also part of the activities of this period carried outtHgy LAC/INPE team in
collaboration with the LABREN/INPE. The spectrum of solar radiation changes as the
atmospheric components vary over time and with the region. As photovoltaic modules are
spectrally selective devices, some spectral regions have battegrsion yield than others and
therefore the variations presented by the solar spectrum impact on the overall efficiency of the
photovoltaic modules.

-Solar energy and the Nexus water, energy and food: case studies

Based on the concept of watmergyfood Nexus, the research aims to quantify the results of
introducing solar electricity generation, complementary to hydroelectricity, at Sobradinho Dam,
in order toanalyseits influence on the water use and conservation at Petdliazeiro region,

located at semiarid region of Sao Francisco Basin. Since June 2018, the research activities of the
LABREN/INPE team were focused on collecting data on water consumption, production of
main cultures in agriculture sector, and electricity generation for the aktjdad in the area of

study. The collected data are being organized in the Water Assessment and Planning System
(WEAP) model software to project future scenarios of resources availability in the region. The
results from the scenariosodelling expresseéh water, energy and food safety indicators, will
support the analysis of integrated resource management strategies.

-Photovoltaic generation:

The construction of hydroelectric reservoirs induces extensive changes in the local environment.
The replacemerof extensive natural forest areas by flooding causes intense thermal gradients
between the flooded area and the surrounding territory due to altered albedo, roughness and
surface energy balance. This triggers lake breezes which, associated with sugegpende,

create subsidence in the flooded area due to the downward component of the induced thermal
circulation, which limits upward vertical flows, with potential to reduce, for example,
evaporation of the reservoir and cover of clouds. The meteoraldgformation was integrated

and analysedby the LABREN/INPE team in collaboration with UNIFESP/IM and UNIFEI to
identify and characterize the lake breeze in selected tropical reservoirs and to assess its potential
impact on the local atmospheric enviraemh From a more applied point of view, this activity
intends to demonstrate that there may be a gain in energy production for floating photovoltaic
panels due to the combined effect of lower cloud cover in the areas of hydrological reservoirs
and the effet of increasing efficiency due to cooling to water. Not to mention the mitigating
effect of lake evaporation due to the floating panels.
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-Solar smart grid and economic inclusion in the Brazilian Northeast:

Another study was aimed to exploit the abunéaoicsolar energy resources for socioeconomic
development in the serarid North-easterrBrazil as a potent adaptation tool to global climate

change. It points out a set of conjuncture factors that allow us to foresee a new paradigm of
sustainable developnnt f or t he region by transforming t he
through distributed photovoltaic generation.

-Development of climate risk analysis in infrastructures:

Changes in the future climate can have a significant impact on the frequency of extremes than
on the average value of an environmental variable itself. This type of event usually brings
diverse losses to society, such as breakdowns, damages to roofisgbuitdidges, tree falls

and eventually power transmission towers, which implies economic losses and risks to
infrastructure and public safety. Thiuke LABREN/INPE team in conjunction is carrying out
trend analysis studiesith UNIFESP/IM on the frequay of occurrence of extreme events of
wind speeds that may cause impacts, with a specific focus on the state of Santa Catarina. These
studies also aim tanalysetrends in the frequency of occurrence of combined events of calm
weather and high temperaturashich limit the dispatch capacity of the transmission lines.
Numerical methods are being used to reliably provide this information on the occurrence of
extreme wind speed events, taking as a starting point the climatic projections produced using
global and regionalized climate models on Brazil, specifically regionalized by the2Bian

(forced by global models HadGEM2S, MIROC5 and CanESM), E&m-SC (forced by

global models HadGEMES) and HadRM3R5km (UK Me).

5.4 Natural disasters impacts on physical infrastructure in urban areasand urban
development

This report presents a summary of the activities carried out during the second year of the
project, in particular related to the creation of a preliminary database including environmental,
physcal, socioeconomic and historical data of occurrences of natural disasters for pilots
municipalities, which are essential for the development of studies associated to the interface
between extreme events, adaptation and risk management of natural digdsterhis report
integrates the researches/contributions conducted during year 2 by the (i) group from Federal
University of Santa Catarina, coordinated by Dr. Regina Rodrigues Rodrigues; (ii) group from
Oswaldo Cruz Foundation (Fiocruzypordinated byDr. Martha Barata Additionally, the
schedule for the next step is presented, in order to reach the general objective of the sub
component. In this section, the main advances developed during the second year of activities
are presented, including intetmn with another sulproject, as well as contributions from the
three instutions involved: CEMADEN UFSC, FIOCRUZ.

As an additional activity, a workshop was held on February 02, 2019, with the coordinators of
the AEconomy and | supmaettsin order tokdiscyss @) éntegraiionsob
studies/products of droughts in the Northeastraizid generated in CEMADENvith economic
models; (ii) studies focusing on the impacts of extreme rainfall on the Metropolitan Region of
S&o Paulo (RMSPysing rainfall data from CEMADENwvith traffic data from Uber Platform.

Concerning the environmental and physical variables selected for the specific studies conducted
during the year 2, as well as some preliminary results, are detailed below.

-Database including environmental, physical, socioeconomic and historical data of occurrences
of natural disasters for pilots municipalities.

Environmental and physical variables

-Meteorological data
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The interpolatedneteorological datased inthis study include measurements acquired from

the Project PROCLIMA [ittp://proclima.cptec.inpe.Brof the INPE, INMET and CEMADEN,

andthe RegionalCenters of Meteorology The spatial distribution of the71 weather stations

selected was associated with the pilot area previously identified for droogtacterization

(Figure B). Rigorous quality inspection was carried out for the daily precipitation and
evapotranspiration datdhe interpolation of thelata from the weather stations into a regular

grid with 5 km resolution was performed using kggimgd devel ope d198y Mat her on
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Figure B - Spatial distribution of weather stations selected for the drought characterization.

-Vegetation Health Index (VHI)

The VHI is an additive combination of the Vegetation Condition Index (VCI) and the
Temperature Condition Index (TCI), which is of comparable magnitude. VCI is obtained by
normalizing the Normalized Difference Vegetation Index (NDVI) values by their 1yesti
absolute minimum and maximum values in #malysedoeriod. The VCI not only reflects the
spatial and temporal vegetation variability, but also allows quantifying the impact of weather
and climate on vegetation. In addition, VCI captures rainfall dycgrbetter than NDVI
particularly in geographically heterogeneous areas. Recognizing that local surface temperature
(LST) provides useful information about vegetation condition, Kogan (2000) adapted the VCI
normalization approach to LST and developed émepierature condition index (TCI) based on
brightness temperature (BT) values. The TCI provides an opportunity to identify subtle changes
in vegetation health due to thermal effects as drought proliferates when moisture shortage is
accompanied by high brigess temperature. Table 1 includes the drought severity classes for
VHI, as defined by Kogan (2000).

Table * Drought severity classes for VHI (Kogan, 2000)

Severity Class VHI
Normal 100 > VHI > 40
Mild Drought 30 < VHI

Moderate Drought [ 20<V HI O
Severe Drought 10 < VHI
Extreme Drought 0 < VHI

Overall, the combined utilization of the NDVI (VCI) and BT (TCI) is based on the strong
negative correlation between those two variables, due to the increase in evaporation with a
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decrease in soil moisture, caused by higher temperatures, which results in a decline of
vegetation cover, where water is the main limiting factor for vegetation growth. Thus, the VHI
has been widely considered in different applications, such as drougbtiaiet assessment of
drought severity and duration, drougbtated losses of crop and pasture production, wildfire
risk and early drought warning. The National Oceanic and Atmospheric Administration
(NOAA; www.star.nesdis.noaa.gov/smcd/emb/vci/VH/vhitmpp provide a VHI product
weekly. For the drought scenarios under climate variability and change, we used the VHI at 4
km spatial and -dlay composite temporal resolution, from 1982 to 2016.

-Water storage information of reservoirs

The information on th operation and storage levels of the main reservoir in Brazil (size over 10
hnt), for water supply and hydropower generation were obtained from the Reservoir
Monitoring Systeni SAR, tool developed and managed by the National Water AgefishA.

For the Mrtheast region we also obtained reservoir (A¢udes) information from the Olho Nagua
data platform, managed by the National Institute of the SemialdiSA and the Federal
University of Campina GrandeUFCG. The information about the water demand wasirudxa

in the portal of the National System of Information on Water Resou@N$RH".

Socioeconomic data and historical occurrences of natural disasters
-BATER data associated to the pilot municipality

The orignal database produced by IBGE afEMADEN (2018) allows the advance of
knowledge of disaster -aisk population in Brazil. A statistical territorial base of risk was
developed by the association of census data with landslide and flood risk maps, for the first time
in Brazil (Dias et al.2018). The exact intersection between the original polygons was not
possible to obtain due to the differences among their geometries. Therefore, a territorial
generalization was created called as: Statistical Territorial Base of Risk (BATER). Even though,
BATER does not represent exactly the tgtapulation, whictwas living into those risk areas, it

was possible to estimate them. The database is composed by (i) 183 variables that could make
possible to identify the yamonglahers)sand by 135f i | e (
variables for the identification of housing characteristics, for instance, electricity, sanitation,
water and waste collection access (Assis et al, 2018).

The areas of geological restriction for occupation were taken into devagbn for the
delimitation of the BATER for the municipality of Blumenau. However, the delimitation from
other municipalities used only geologic risk sectors. Then, the BATERs from Blumenau
considered the following three classes: i) restricted areastewh is forbidden any type of
construction; ii) areas released with restriction and iii) areas in study, which require detailed
geological/geotechnical maps (Blumenau, 2010). In contrast, the risk sectors contemplated only
the limits of areas prone to bffected by natural processes or human actions (CPRM, 2019).

In general terms, the results of the socioeconomic and environmental variables of Blumenau do
not consist in an alarming problem, in comparison to other Brazilian municipalities. In this
sectia, it is reported the results analysis in gender, age and level of education. According to the
2010 Census, Blumenau presented a total of 309,011 residents (IBGE, 2010). The amount of
population exposed aisk areas in Blumenau was about 78,pébple, with represents 25.3%

from the total, counting on 38,569 men and 39,802 women, then, there were no significant
differenes between the genders (Figurd.IBhe analysis of the age groups shows that elderly
(up to 60 years old) and children (under 5 yead3 obrrespond to 9% and 8% in Blumenau.
These figures follow the Brazilian averages, which correspond to 8.5 and 9%, respectively.
Nevertheless, considering the level of education, only 2% from the head of household from
Blumenau, was illiterate, which waglow the 9.6% national rate in 2010 (IBGE, 2011).

! http://mww3.snirh.gov.br/portal/snirh/snirh-1/acessetematico/usosda-agua
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The variables of houses-ask areas environmental characteristics also follow the pattern of the
municipality averages. According to the sanitation data, only 11.3% of the houses had
inadequate acced®y instance: by river, rudimentary tank or ditch ones. The residences without
access by water from the general supply network had a similar proportion, with only 8%. The
lack of waste collection was registered by only 4% of the households.
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Figure1l6 1 Blumenau atisk population distribution, by age and gender
-Historical disaster database

In the scope of this project, a Historical Disaster Database (HDD) as a compilation of data about
the negative effects of natural events over the populatigrich characterizes a disaster
occurrence was considered. Each occurrence, and therefore each document of the Integrated
Disaster Information System (S2ID) database, is related to a type of event, according to the
Brazilian Code of DisastersCOBRADE (BRASIL, 2012); and those data are grouped in five
typologies of variables: human (HD), material (MD), economic (FD), social (SD) and
environmental (ED), like proposed by the S2ID classification. A HDD is being making for the
pilot municipalities, using th®isasterinventory System (Deslnventar) and S2ID documents
from 1970 to 2016. The Deslnventar includes a set of tools for construction, management and
analysis of multiscale (put an emphasis on local scale) and-@gss HDDs, it is a
conceptualizationnethodology and onlinfree software.

It is possible the cost analysis (human, material, economic, social and environmental costs) of
the occurrences show the more suitable judgment for a hierarchical organization of the events
that provoke disasters iBrazil. But now we can advance with some preliminary information
regarding one of the pilot municipalities of this study. The data for Blumenau, for example,
shows theflash floodis a critical natural event for this locality, in terms of its historical
recurrence, it is, 47% of all documerdsalysed The three more destructivitash floods
occurred in November of 2008, January and March of 2011. The S2ID data shows its social
economic negative effects, (i) Huma#D: 160,191 affected people (35,155 difpcand
125,036 indirectly); (ii) Economic effecD, FD, SDandED: see Table 2.

Table 2- Negative effects by economic segment of critical filsbd (Blumenau).

Currency * N
(2019) MD FD SD ED
R$ 2,570,001,580.88 50,729,678,328.71| 97,409,324.98 | 853,841,018,838.94
US$ 652,268,110.17 | 12,875,226,092.92 | 24,722,551.45| 216,705,418,349.52

*Values for this variable concerning 2008 only.
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-Operational disaster database

The survey consists of a CEMADERMutine thathas developed an internal database of
landslide and hydrological events, which is continuously updated. The main proposal of this
database is to support the evaluation of the alerts issued by the Center, as well as to provide
information for the continuaiimprovement of the decisianaking process. This initiative is

also part of the CNPq Project 427353/2@&Léntitled National survey of events induced by
climatic extremes of precipitation to determine critical thresHol@ite compiled information,
records from 2011 to 201@vas spread over a wide variety of sources and formats, making it
difficult to be assessed as a whole. Therefore, this project aimed at the development of a method
to facilitate the structuring of a national database of floodslamdislide events adequately
categorized taking into account the types of processes and its characteristics. A set of criteria
was created in order to aid analysts to interpret and transcribe the original heterogeneous
information into a single databasad creatinga systenthat classify the events based its

type and magnitude, accuracy and level of impact (Bernardes, personal communication). The
main sources of information are qdeferxgdailpnnaires
reports fom Brazilian Center for Risk and Disasters Management (CENAD), institution
databases, news reports and online media. The available information was organized into the
following main parameters: type and date of the event, magnitude, location, time, acfuracy
location, accuracy of time, impact (affected people).

This database is a useful tool for finding vulnerability hotspots due to the wealth of information
at the municipal level. These hotspots will be better explored in the future stages of the project
from socioeconomic and environmental data, aiming to understand the causal relationships that
are determinant for the disasters occurrences. This information and the analysis will be
considered as the basis for the targeting of disaster risk reductiomsaand adaptation
measures.

-Analysis of extreme events

The research conducted during year 2 allowed a better understanding of the physical
mechanisms that lead to extreme events in several regions in Brazil, their impacts on
hydrography andegetation. Atmospheric blocking remotely forced by tropical convection over
the Indian and Maritime Continent prevents the establishment of the South Atlantic
Convergence Zone during austral summer. As a consequences skewaghts occur in the
westcental and southeastern Brazil. This mechanism also leads to nreatevave®ver the

South Atlantic. In southern Brazil, there has been a change on the causes of extremes of
precipitation. During 1974999, El Nifio events were associated with floods insthath, in
particular along the Itajai Acu River. For 20R015, however, this is no longer the case. ong

term trends of precipitation and streamflow were obtained for the main river basins in Brazil
(Figuresl7 and18, respectively) and the preliminagcgnclusion is that the trends in streamflow

are consistent with the precipitation trends, showing the important role of climate variability and
change on streamflow. This analysis also provides an evaluation of susceptibility of cities to
extremes of prepitation and streamflow. The resilience of the Amazon forest was also
evaluated and the results show that the resilience of the forest is higher in areas where the
rainfall is more variable.

Long-term trends of precipitation were obtained for the maiarrbasins in Brazil (Figure 15
and the preliminary conclusion is that the trends in precipitation are consistent with streamflow,
showing the important role of climate variability and change on streamflow. This analysis also
provides an evaluation of suetibility of cities to extremes of precipitation and streamflow.

From Figure 19it is recognized that over the last decade, hydrometeorological extremes have
become more frequent and intense in Brazil, with records of significant socioeconomic impacts
and losses of human lives in Brazil, leading to the need of strengthening of disaster risk
management at local levels. In 2010, the number of people affected by natural disasters in Brazil
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was about 96 million in contrast to recently period, when approglyndt23 million were
affected by direct or indirect damages. During the last decade, more than half a million people
have been made homeless by landslides and floods mainly. An expressive part of affected
people is in the Southeast region, which accouppoaximately 66% of the total disasters
occurred in the country. In terms of cost, events such as landslide in Rio de Janeiro (e.g.

mountain range in 2011) totaled approximately U$ 2 billion with at least 780 million for
rebuilding.

Young et al (2019)ows thatthe primary concern of decision makers in Brazil is related to
flood and landslide, which is almost equally divided between them. Fiskds pointed out by
77% of respondds as the most frequently eveaddressed in planned measuresofe#d by
landslides (Figure 20 Flood tends to be larger in sealed urban areas beuvatlskess water
storage capacity and more rapid runoff, wieel rises quickly during storms with higher peak
discharge rates tharegetated aream the same way, lantides can be triggered by heavy rain
mainly in the mountains where excessive runoff and interruption of tributagesrs due to
barriers such as stones, tree trunks, bridges. This nalisadter affects people living in

vulnerable areas and is oneroisfortunethat kills more people in the country, particularly in
SoutheasBrazil.
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Figure 17 - Longterm trends of precipitation: (a) Mean annual precipitation, (b) seasonality of mean
precipitation, (c) maximum annual precipitation, (d) annual ntkaation of dry spells. Diamonds with
black contours in (a) and (b) and colored circles in (c) and (d) show trends statistically significant at the
95% confidence level according to MaKendall test(Chagas 2019)
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-Reservoir (Agudes) description.

Based on the evaluation of the recurrence of drought events in recent years in the Brazilian
semiaridregion, six reservoirs (acudes) were selected for the study of the impact of drought on
water supply, activities carried out in year 1 of the project. The drainage basins of these
reservoirs are located in areas with drought recurrence above 25 evertsrb&881 and 2016.

The reservoirs selected were: (i) Or6s and Castanhdo in the State of Ceara, with a storage
capacity of 1.940 and 6.700 hms3, respectively, being the Castanh&o the largest reservoir of the
semiarid; (ii) Chapéu and Entremontes in the StatEernambuco, with a storage capacity of

188 and 339 hmg; (iii) Piaus and Bocaina in the State of Piaui, with a storage capacity of 20 and
106 hm3, respectively.

Figure 20 presents the average monthly storage levels of the reservoirs, and it canrisedobse

the failures in the monitoring of the Chapéu and Entremontes reservoirs, in the State of

Pernambuco, which may compromise future analyzes. The reservoirs located in the states of
Ceara and Piaui have fewer gaps in their time series. For the Ordsiresbe oldest of the

pilot reservoir, there is a gap in its monitoring between 1984 and 1997. Bocaina, inaugurated in
1997, is the second oldest reservoir. The remaining reservoirs were built after 2005.

There is a decline in the water reserves ofeservoirs at the beginning of 2012. This fact was

due to the meteorological drought event, which began in December 2011 and extended for
almost 7 years, constituting one of the most severe droughts of the region (Brito et al., 2017).
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This climate change as associated with an anomalously warm tropical North Atlantic Ocean
implying in a northward position on the Intertropical Convergence z¢h€Z, which in turn

leaded drought to the Brazilian Northeastern (Marengo et al., 2013, 2017; Rodrigues and
McPhaan, 2014).

In addition to the sharp decline in water reserves, it is possible to note that the historical series
of reservoir storage levels are not stationary (Fi@je Castanhdo presents a period between
2004 and 2007 in which the storage level ¢estgt around 60%. Following this, between 2008

and 2011, it oscillated around 80% and, in the sequence, in 2012, decreases sharply, fluctuating
in the 30% range, reaching a minimum of 2.1% in February 2018. For the Bocaina reservoir, the
storage level reniaed in the range of 55% between 2000 and 2003, followed by an oscillation
around of 75% between 2004 and 2011, and soon thereafter declined steeply, starting to
oscillate around 25% between the years 2013 and 2018.
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Figure20 - Storage level of the pilot reservoirs for the study of the droughts impacts on the Northeastern

region of Brazil.
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Figure21i Storage level o€astanhadleft), located inCearaState andBocaina(right), located irPiaui
State.

In order to starthe evaluation of the water shortage impact, Castanhdo was chosen. The
selection of this reservoir was based on the availability of storage level data, as well as on the

great impact that the last event of drought caused in the reservoir, leading theiststaiais,
remaining below 10% of storage since 2016

Inaugurated in 2003, the Castanhéo reservoir was built in order to ensure water reserves to face
the irregularity of the rainfall and to meet the demands of the increasing population of the
metropolitan region of éftaleza- MRFortaleza (Figure 22 With storage capacity of 6,700

hm3, it presents a regularized flow of approximately 30.21 T3censtituting the largest
reservoir in the Northeast. Its drainage basin on the Jaguaribe River, with approximately 45,310
kmz2, also has another large reservoir, Oros, with a storage capacity of 1,900 hm3. The water
resource is transposed from the Casfanteservoir to the MRFortaleza through the "EIXAO
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DAS AGUAS", a set of canals, pipelines and tunnels, distant 255 km, designed for a-22 m3 s
flow.
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Figure22i Population of the metropolitan region of Fortaleza. Data source:
https://seriesestatisticéisge.gov.br/series.aspx?no=10&op=0&vcodigo=PD335&t=populzeamente

-Characterization of drought events over Castanhdo Basin

As highlighted in the year 1 report, the delimited study area to the Drought Impact Assessments
includes a total of 157 munpalities (Figure23). However, in a preliminarily way, analyzes of

the extreme precipitation events were carried out for the Castanhdo drainage basin, which is
inserted into the study area.

The drought characterization was derived from monthly Standardized Precipitation Index (SPI
12) data from 1981 to 2016. The SPI is the number of standard deviations from the mean at
which an event occurs. Thus, the-h@nth SPI value provides a comparisafnaccumulated
precipitation over that specific 4Bonth period with the mean precipitation total for the same
annual period as calculated over the full study period. FigBshows the monthly time series

of area average SPI over Castanhdo Basin. ltidhmunoted that dry events are more recurrent
than wet events in the Basin, especially after the 1990s. Visual analysis shows the major severe
droughts that impacted the region, namely, 19883, 19921993, 199v1998, and 2012

2016. Among those eventdhet large drought of 2012016, considered to be the largest
drought, both in magnitude and duration, of the last three decades (Brito et al., 2017; Marengo
et al.,, 2017; Cunha et al., 2018). Cunha et al., (2018) showed that tHe2@D3 2irought was
charaterizedby widespread impactseaching 46% of the NEB land area. The beginning of this
drought event (2012012) was associated with negative SST anomalies in the central Pacific
(La Nifia) concomitant with positive SST anomalies in the tropical Northn#¢lawhich
favoureda northward migration of the ITCZ (Rodrigues and McPhaden, 2014). During 2015
2016, on the other hand, a strong El Nifio event increased and prolonged the effects of the
drought (Marengo et al., 2017a, 2017b).

It is important to assedbe severity, duration and frequency of drought events, because it is
related to the impacts on the ecosystems, agriculugstock and the hydrological cycle. For

this purpose, the previous methodologies developed by Spinoni et al. (2014; 2015) will be
adapted. From SPI, drought begins when SPI i s
returns to positive values. Once a drought event has been determined, the start and end, drought
duration (DD) and drought severity (DS) were obtained. DD is emuaumber of months
between its start (included) and end month (not included). DS is absolute value of integral area
between line index and horizontal axis (SPI=0) from start to termination month of drought.
Table 2 shows the main results about the drobalgaracterization for Castanhdo drainage basin.
During 19812017, seven drought events were identified, with a cumulative duration of 176
months. Regarding severity, this was approximately 130 (Sum of SPI). The most severe drought
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events occurred betwed@882 and 1994, with a cumulative severity@®d. The droughts events
in this period were associated with El Nifio events (12983 and 19921993).
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Figure231 Monthly time series (1982016) of area average SP2 over the Castanhdo Basin.

Table 3- Drought characterization for Castanhdo drainage basin.
Accumulated
Event Duration (months) Severity
03/198209/1984 31 -28.99
12/199012/1994 48 -32.01
04/199801/2000 22 -16.30
02/200501/2007 24 -11.81
05/201001/2011 9 -8.07
05/201203/2014 23 -26.13
05/201612/2017 20 -14.67

-Impacts of extreme precipitation in the water availability of the pilot reservoir

In the context of meteorological droughts, it is importardarialysethe water availability in the
reservoirs in order to manage and/or mitigate the conflicts by the multiple water uses. So, this
section aimed to simulate the evolution of the storage level for the Castanhéo reservaoir, the pilot
for the year 2 of this prog, in order to obtain projections associated with several rainfall
scenarios for a future period. The simplified water balance was used for this purpose, as shown
in Equation 1:

Y Y YZ'® 0 O0OY@ZzQQQu 6 1

whereY and”Y  repesent the storage level on the present and past time steps, respéxtively,
refers to the rainfallp 'O "Mfers to the potential evapotranspiration &@ "Qreférs to the
outflow plus the water extraction for consumptive Gsé&p and"Q is comection factors to
convert total rainfall into effective rainfall and PET into actual evapotranspiration, respectively.
Both of these factors are seasonal classified, i.e., there are values for wet and dry seasons.

The water balance was calculated in daily time step. In order to calibrate and validate the
methodology described above, historical series of rainfall and evapotranspiration, information
about water demand, as well as historical series of the storagefitivelreservoir were used.

Preliminary results are presented in Figbde The statistical performance (Nash = 0.72 and
RMSE =83hm3, equivalent to 1%) indicates the good quality of the simulation, pointing the

% Consumptive uses draw water from the source for its destination, such as irrigation, industrial uses and
human supplies. More information in: http://www3.snirh.gov.br/portal/snirh/centrals-
conteudos/centralde-publicacoes/anamanualdeusosconsuntivosdaagpbrasil. pdf
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possibility of the usage of this methfmt the simulation of the evolution of the storage level in
the Castanhé&o reservoir.
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Figure24i Storage level of Castanhao reservoir, in Ceara State. Black line represents the observed data;
grey line represents the simulation using the observed rainfall and evapotranspiration; purple and red
dashed lines represent projections for a future period using the Mean Long Term (MLT) rainfall and
25% of the MLT Rainfall, respectivelyElaborated by Ceaden).

This preliminary study highlights the fragility of this system in providing water resources in
order to efficiently meet the demands of the region during the long dry periods. In this context,
the hydrological projections of this study can suizsidhe management and strategic planning

of water resources. Considering the climate changes projected for the Northeast of Brazil
(Marengo et al., 2019), with less frequent and smaller quantities of rain, as well as the increase
of the temperatures, isinecessary to increase the resilience, including changes in population
habits and the capacity of answers of the metropolitan region of Fortaleza, fundamental aspects
to face future challenges.

-Impacts caused by landslides due to extreme precipitatioevents, in the context of
climate change

In the first year of the project, Blumenau was considered one of the most critical municipalities
for the landslideselated disasters. The analysis was based on disasters database and, also,
considering the incrasing of the extreme precipitation events for the 22240, indicated by

the Potential Impact Index. A new map was developed to show regionally the spatial patterns of
the results (baseline and future), including the trends eMHROC 5 and EteHADGEM 2 ES
projections, as shown on FigurB.2
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Figure25 - Results of Potential Impact Index for the 1
and trends for the 2014040 using EtaMiroc 5 and EtaHadGEM2 ESrojections (+ and symbols).
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This result shows that there are other municipalities with high and very high Potential Impact
(dark brown), although Blumenau is the only case where the two climate models indicated the
increase of extreme precipitation events. Thus, in the second yedncused to develop a
diagnosis for Blumenau, taking into account the database of impacts caused by landslides
during the last years (204919). In the current stage of the project, the occurrences of
landslides events were overlapped on a Risk Indeichmhvas elaborated specifically for this
project. This index was composed based on (i) population density data (provided by IBGE, in
shapefile with statistical grid of 200 m x 200 for urban areas and 1 km x 1km for rural areas);
(ii) slope/declivity (5m reolution, providedby Secretaria de Desenvolvimento Sustentavel de
Santa Catarina2013), and (iii) map of susceptibility to landslides (1: 50.000, provided by IPT
and CPRM, 2015) according to the Equation 2:

Risk = (Slope x Susceptibility x Populationrisiy) 2

The occurrences were evaluated considering the accuracy of its location, according to the
following criteria: high accuracy - when the exact address of the occurrence was reported;
medium accuracy- cases that only the street name is knowrmt law accuracy - when the
information refers to th@eighbourhoochame. Aiming a better visualization and analysis, the
occurrences with medium precision were placed in the median point of the street that was
reported and a buffer of 200 m was applied. B@ cases of low precision, the register
considered the centroid of the reportegighbourhoodand a buffer of 1kmwere applied. The
occurrence of high precision appears highlighted, but with no buffer due to its exact location.

The database for Blumen#@icomposed of 29 occurrences for #malysederiod (20162019),

being 1 of high 16 of medium and 12 of low accuracies, as shown in Figui/hen the
occurrences were overlaid to the Risk index, it was noticed that the most have adherence with
the hidnhest risk categories: 21 cases are exactly on or up to 300m from a place classified with
high or very high risk. The remaining 8 occurrences are located up to 600m from a high or very
high risk site, being 6 of that with low accuracy of the location, sstguethe low spatial
correlation may be more related to the lack of information of the event location than with the
Risk index.

The Blumenau database, consisting of 29 occurrences iarthlysedperiod (20162019),
presents 1 high, 16 medium and 12 laecuracies, as shown in Figur@ BVhen the occurrence

was overlapped on the Risk Index, it was observed that most of them had adherence to the
categories of higher risk, that is, 21 cases are exactly at or up to 300m from a place classified as
high or vey high risk. The other 8 occurrences were located at 600m from a high drigbry

risk site, 6 of them with low accuracy of the site. This result suggests that the low spatial
correlation may be more related to the lack of information of the local afviwet, than with

the Risk Index.
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Figure26- Landslide Risk Index and occurrences database for Blum&aau

Although the analysis presented is preliminary, the results suggest that densely populated areas
on steep slopes are key factors for explairiimgimpacts in recent years, since anthropogenic
interventions (cut and fill slopes, unplanned urban drainage systems, overloading, etc.) increase
slope instability. Such a relationship is also widely highlighted in the literature; so, the
confirmation athis stage is important, since the next steps will consider these characteristics for
the proposition of risk reduction actions and adaptation measures.

-Additional Contribution - SemiAutomated Definition of Multiple Rainfall Thresholds

In Brazil, munidpalities impacted by mass movements associated with periods of intense
precipitation are recurrent, which cause significant human and economic losses. In order to
define critical thresholds capable of triggering landslides, especially for use in eatty ale
efforts are expended in identifying rainfall intensiyration thresholds. In this context, Rossi

et al (2019) used the MaCumBa (Massive CUMulative Brisk Analyser) software to identify
rainfall intensity duration thresholds capable of triggering Iglidks in the most affected
municipalities of the Mountain Region of Rio de Janeiro State. This methodology can be
applied in other munipalities monitored by CEMADENestablishing for each one four levels

of alert, based on the intensituration thresblds. According to the authors, the methodology
allows the updating of the thresholds as new landslide events are incorporated, together with
rainfall data at the time of occurrence. Thus, the methodology will be also replicated to define
the standby thrémlds for Blumenau, SC.

5.5 Impacts on Brazilian ecosystemsdn view of changes inand useand biodiversity.

The Ecosystem component focus on environmental issues associated with climate change in the
Amazonia and Cerrado Biomes. In the Amazoreaasystem, the focus is on the use of the
ATTO tower Platform, as well as general issues associated with land use change and
deforestation impacts.

-Drivers of deforestation and carbon dioxide emissions in Amazonia

Deforestation rates have declined substantially across the Brazilian Legal Amazon (BLA) over
the period from 200@013. However, reductions in fire, aerosol and carbon dioxide have been
far less significant than deforestation, even when accounting faraniteial variability in
precipitation. Our observations and analysis support a decoupling between fire and deforestation
that has exacerbated forest degradation in the BLA. Basing aerosol and carbon dioxide
emissions on deforestation rates, without acdogntor forest degradation will bias these
important climate and ecosystdraalth parameters low, both now and in the future. Recent
increases in deforestation rate since 2014 will enhance such degradation, particularly during
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drought conditions, increaginemissions of aerosol and greenhouse gases. Given Brazil's
committed Nationally Determined Contribution under the Paris Agreement, failure to account
for forest degradation fires will paint a false picture of prior progress and potentially have
profound mplications for both regional and global climate.

As well as aerosol, biomass burning produces substantial emissions divéahgreenhouse
gases, particularly carbon dioxide and methane. From-2008, global landise change
emissions, of which defosgation is a major component, contributed 1.3 +0.7 GiGcgmpared

to 9.4+0.4 GtC yi from fossil fuels and industry. According to figures submitted to the United
Nations Framework Convention on Climate Change (UNFCCC), the Land Use;Usend
Change androrestry sector accounted for-88% of Brazil's annual carbon dioxide emissions
from 19962005, before falling to 42% in 2010.

Deforestation rates have declined from 2004 onwards but total fire counts and burned area have
exhibited a much slower declindltered fire dynamics driven by deforestation and forest
degradation have been identified as significant contributing factors to these observed trends.
Feedbacks in the fire dynamics of closed canopy tropical forests increase future fire
susceptibility, fiel loading and fire intensity, leading to accidental fires potentially causing more
deforestation than intentional clearing in some regions. From-2008, fire occurrence
actually increased in 59% of the area that experienced reduced deforestatidrhicaigas
ascribed to slashing and burning of secondary forests in already deforested areas that are not
monitored by the o official Instituto Nacional de Pesquisas Espaciais (INPE) deforestation
assessments, as well as the continuous enlargement oféddgest and the increasing area of
secondary forest cover that is more susceptible to fire. Such feedbacks have resulted in many
fires in the Amazon no longer originating from deforestation itself, but from managed
agricultural lands and those that escapenfthese managed lands. Prior to the establishment of
the Action Plan for Prevention and Control of Deforestation in Amazonia (PPCDAmM) in 2004,
deforestation explained 84% of active fire detections. Once the PPCDAmM was implemented,
this fell to only 47% wer the period from 2002015. From 2002015, there has been a
significant positive trend in the number of active fire counts per square kilometer deforested,
with peaks in active fire counts more associated with extreme drought events than deforestation.
The most significant increases were in areas with only limited deforestation, suggesting that
fires associated with forest degradation are becoming increasingly important.

Previous work has established that the magnitude of the regional aerosol busttemdty
controlled by the intensity of thbiomassburning season. Howeveryends in the aerosol
burden and associated properties over the recent period of steep deforestation decline and de
coupling between deforestation and fire haeeeived less satiny. Longterm satellite
measurements of carbon monoxide (CO) have shown a negative trend that has been ascribed to
falling deforestation rates, while also illustrating substantial increases in CO during drought
years. Satellite measurements of aerogtical depth (AOD) over the period from 202012

indicate enhanced AOD in drought years coupled with a negative trend overall, which was
ascribed to declines in deforestation fires. Carbon emissions in Amazonia are strongly
associated with fire and arbus prone to the same changes in fire dynamics and processes
outlined above.

Figure 27presents the annual cycle in rainfall, deforestation, fire, burned area and AOD across

the BLA and major biomass burning states Strong seasonality is observed foouirts,
burned areas, Aerosol Optical Depth (AOD) and CO2 emissions.
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Figure 27 - Monthly averages of rainfall, deforestation, fire count, burned area, Aerosol Optical Depth
(AOD) and firerelated carbon dioxide emissions in the Brazilian Legal Amazon (BLA) and states where
significant annual fire occurs (Rondbnia, Mato Grosso, BaddT ocantins). Data from 192D17.

CO2 emissions were calculated from PRODES deforestation areas jointly with theddiesl

carbon dioxide emissions from the Global Fire Emissions Database (GFED4). The emissions
are categorized from the several fingpes separately. Figure82 shows the geographical
distribution of emissions, and figureBl2 shows the time series. High annual variability is
observed for both precipitation adjusted and raw data. The observed decrease in CO2 emissions

is however not stastically significant (R2=0.03)
b.1600 —
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Figure 3. (a) Carbon dioxide emissions from all fire emission classes from -2897. (a) CO2
emissions averaged over the main biomass burning months (ADgtadier) on a 0.25 degrees pixel
grid. (b) Time series and tnds in carbon dioxide emission§-rom PRODES deforestation areas jointly
with the firerelated carbon dioxide emissions from the Global Fire Emissions Database GFED4).

-Trace gases and aerosols measurements at the ATTO tower

As part of this INCTMC2 project we are doing continuous trace gases and aerosol
measurements at the ATTO (Amazon Tall Tower Observatory) tower. The ATTO site is located
in one of the most pristine sites in continental areas in the world, with coordinates at S 02° 8
38.8", W 58°59' 59.5". At this site, a GermdBrazilian scientific cooperation had already built

a 325 meters tall tower. The site is already fully operational, and aerosol and trace gases are
being measured starting in July 20%7Atee 325 mtall tower. Figure 29shaws pictures of the

ATTO tower.
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Figure 29.The ATTO 325 meters tall tower in Central Amazonia. Top of the tower as well as profiles for
trace gases and aerosols will be measured continuously over 5 years of this project.

Table4 show the extensive instrumentation to measure aerosol, trace gases, radiation fluxes and
cloud properties at the ATTO site. Several groups are responsible for the data analysis, and a
site at INPA and at Max Planck distribute theéadi@r the researcherBigure 30shows the time

series obtained for 2018 and Figure 8lows the data collected so far in the wet season of 2019.

It is possible to observe several episodes of aerosol transport from Africa to Central Amazonia
from February to April 2019. Sahadust aerosol (that scatters light) and African biomass
burning aerosols were clearly measured at ATTO site.

Table 4- Instrumentation to measure aerosol, trace gases, radiation fluxes and cloud properties
at the ATTO site.

Cloud Condensation Nuclei CCikom DMT i 8 levels of Eddy Correlation Systém
Droplet Measurement Technology. Latent and sensible heat fluxes
Nephelometer from TSI model 3563 Microwave Radiometer

Particle/Soot Absorption PhotometePSAPI Downwelling Radation
Spectral light absorption

TSI 3776 Condensation Nuclei Counter Shaded Black and White Pyranometer

Aerodyne Aerosol Chemical Speciation Monitq Normal Incidence Pyrheliometer
(ACSM)

PhoteAcoustic Soot Spectrometer (PASP 8 levels of 3D Anemometers

Ultra-High SensitivityAerosol Spectrometer Vaisala Ceilometer (range ~7 km)
(UHSAS)

PTRMS Reaitime VOC Vertically Pointing Cloud Radar (94 or 35
GHz)

Carbon Monoxide Analyzer from Picarro Total Sky Imager for cloud cover

Trace Gag O , SO , NOx Narrow Field of ViewRadiometer

Optical particle countér OPC Precision Infrared Radiometer

Aethalometer AE33 for Black Carbon Precision Spectral Radiometer

Single Particle Soot Photometer (SP2) Infrared Thermometer

Total column of CO, CO2 and CH4 Surface Meteorology

Cimel Sun Photometer for AOD Barometer

Micropulse Lidar with Dual Polarization Temperature and Humidity Sensor

Doppler Cloud Lidar Upwelling Radiation

Scanning Mobility Particle Sizer (SMPS) Multiangle Absorption Photometer (MAAR
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Disdrometers (JOSSabsivel and Thies)

Real time total carbon analyzer

SIPAM Sband radar

1290 MHz Radar Wind Profiler (RWP)

Scattering coeflicient (526 nm) at the ATTO site, PM 2.6, 2018
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-Activities

Organizationof the international workshopdentifying Biodiversity Tipping points in the

Cerrado ecoregion and the ingaltions for ecosystem services

Title: A sociatlecological approach to identify and quantifipdiversity tipping points in South
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Preparation of new biomass map for the Cerrado biome that it is the seqmst l@ome in
Brazil and presents high deforestation rates.

5.6 Health and climate change

At the second year of the project, the potentiatributions of the remaining leishmaniasis
vector species werenodelled [. wellcomei L. complexa L. umbratilis L. migonej L.
longipalpisand L. cruz). Figure 32shows the area of potential expansionLofongipalpis
vector of American Visceral Leishmaniasis (AVL), in southern Brazil, where the climate will be
more favourable to its occurrence in the middlehef XXI century, according to both climate
change scenarios (RCP 4.5 and RCP.8.5)

Lutzomyia longipalpis
Adequabilidade Climatica
2050, RCP 8.5

Il Estivel

W Contragao
I cxpansdo

Lutzomyia longipalpis
Adequabilidade Climatica

2050, RCP 4.5
Bl Estével

I Contragdo
Il Expansio

Figure 2: Climatic suitability for Lutzomyia longipalpis the main vector of American Visceral
Leishmaniasis according to the climate change scenarios RCP 4.ar{iefRRCP 8.5 (right).

In a preliminary evaluation, the percentage of the territory of each Brazilian state that will gain
(expansion) or lose (climax) climate suitability for the vectors in the future, accoulihg t
scenario RCP 8.5 (Figure B3vas gantified. For the AVL vectors, the state with the largest
expansion area was Santa Catarina (25.3% of the territory will gain climatic suitability for the
vectors in the future) and with a larger area of contraction, Amazonas (53.3% of the territory
will | ose climatic suitability for theectors in the future)

Contracdo

Estavel
Vetores LVA
2050 RCP 8.5

Expansdo

Figure 33.Percentage of the state territory that will gain (expand) or lose (climax) climate suitability for
American Visceral Leishmaniasis vectoksifzomyia longipalpisndL. cruz), accordimg to the RCP 8.5
scenario.

For the American Cutaneous Leishmaniasis (ACL) vectors, the scenario for the state of
Amazonas presented a small increase of areas of climate suitable to the vectors (5.1%) (Figure

34).
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Contragdo
Estavel
Expansdo

Figure 31. Percentage of the state territory that will gain (expand) or lose (climactic) climatic suitability
for American Cutaneous Leishmaniasis vecttrg{omyia flaviscutellata, L. whitmani, L. intermedia, L.
neivai, L. wellcomei, L. complexa, L. umbratdisdL. migone), according to the RCP 8.5 scenario.

Vetores LTA
2050 RCP 8.5

In order to have a better representation of the current scenario of the potential distribution of
these vectors, vegetation (NDVI) and elevation were included as predictors alongside the
previously used aatic variables in the ecologicaliche models (Fjures 35 and 36
Lutzomyia whitmanivas recorded in the largest number of municipalities (643), followdd by
longipalpis (445), L. migonei(436), L. flaviscutellata(234), L. intermedia(162), L. neivai
(136),L. umbratilis(83), L. cruzi(53),L. complexd47) andL. wellcomei(27).
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Pschodopygus wellcomei Pschodopygus complexus Nyssomyia umbratilis
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Figure 35.Potential distribution of American Cutaneous Leishmaniasis vectors in Brazil, accord
ecological niche models based on climate, vegetation and elevation.

Lutzomyia longipalpis Lutzomyia cruzi

* Ocorréncia do vetor
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Figure 36.Potential distribution of American Visceral Leishmaniasis vectors in Brazil, accordil
ecological niche models based on climate, vegetation and elevation.

The potential distribution areas of the vectors in these current scenarios were overlaid with the

potential distribution areas of the respective human diseaSés(Figure 35) and AVL (Figure
36). Of the 3451 Brazilian municipalities with human cases GL. Aonly 922 have information
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about the occurrence of their vectors. This divergence demonstrates the lack of vector
information in the outbreaks of disease transmission. About 93% of the potential distribution
area of ACL was overlapped by the potentid@tribution of its vectors (Figure 35The
remaining 7% indicate gaps in the knowledge of the vectors, especially in the Northeast and
North regions (Figur&5). For AVL, about 68% of the potential distribution of the disease was
overlapped by the poteatidistribution ofL. longipalpisandL. cruzi with the remaining 32%
indicative of gaps in the occurrence of these vectors in trthMnd South regions (Figure)36
These shortcomings may represent a lack of field studies or insufficient published data

Vetores LTA A

Legenda

Distribuicdo Potencial
Vetores
Lo
11
|2
il 3
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Il 5
5
LTA (casos humanos)
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Intersegao
Il Vetores e LTA

Figure 37. Overlap between potential distribution areas of the American Cutar
Leishmaniasis vectors and human disease in Brazil, according to ecological niche
based on climate, vegetation and elevation.
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Figure 38. Overlap between areas of potential distribution of American Visc
Leishmaniasis vectors and human disease in Brazil, according to ecological niche
based on climate, vegetation and elevation.

In the state of Rio de Janeiro, human AVL was reedrih 23 of the 92 municipalities, with 2
municipalities with canine LV records since 2007, but without human cases (Mangaratiba and
Marica). The ecological niche model showed the potential distributidn igipalpisin 51
municipalities (Figure 30 Twenty-one vulnerable municipalities were identified, four of which
were receptive, three were noeceptive, and 14 without entofogical investigations (Figure

40). Approximately 60% of the municipalities do not have information about the phlebotomine
fauna, which demonstrates the clear need for field studies.

Legenda
Lutzomyia longipalpis
©  Registra de ocoméncia

Il oistrbuicao Potencial
Figure 39.Records of occurrence and potential distributioiazomyia longipalpisn the

State of Rio de Janeiro.
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Figure 40.Classification of municipalities of the State of Rio de Janeiro according t
transmission of American Visceral Leishmaniasis. Green: vulnerable, non receptive; \
vulnerable, receptive; orange: vulnerable, without entomological investigatiorspacdic
transmission; grey: no human cases.

Areas of potential occurrence &f cruzi secondary vector of AVL, were identified in the
CenterWest Region of Brazil and neighbouring countries, especially Bolivia. Most of this area
of climate and favourable habitats is located in the Brazilian states of Mato Grosso do Sul and
Mato Grosso, wére most of the knowspecies records occur (Figure)4Eour known records

of the vector fell outside the area predicted by the models: one in Bolivia (El Carmen) and three
in the state of Mato Grosso (New Canaa do Norte, Colider and Rondolandia) (arkigsre

42). Suitable areas without known occurrence of the vector are located in the Bolivian
departments Santa Cruz and EIl Beni; south of the state of Goias in Brazil, as well as in the north
of Mato Grosso do Sul and in areas bordering the statefooP&ulo and las Gerais (circles

in Figure 43.

Lutzomyia cruzi
Precisdo Espacial
® Alta
Média
* Baixa
Adequabilidade de Habitat
I Adequabilidade Climatica
Limite Estado/Departamento

[ Limite Pais

Figure 41.Potential distribution oL.utzomyia cruziaccording to niche models and kno\
presence records. Circles represent areas of environmental suitability that require furtt
studies to agss the occurrence of vectors. Arrows indicate records that were not predic
the models.
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The distribution olL. whitmanj the main vector of ACL in Brazil, was evaluated in association
with the deforestation areas of the Legal Amazon. Of the 775cipatties in the Legal
Amazon, L. whitmaniwas detected in 216, associated with human cases of ACL. Areas of
overlap between human cases of ACL and occurrencewvafiitmaniassociated to deforestation
regions were identified in the states of Par4, Mato Grosso, Riand@cre and Maranhdo
(Figure 43. Although having extensive deforested areas, the states Amazonas and Roraima did
not present a significant correlation betwéeiman cases and vector occurrence, mainly due to
the low frequency of the vector.
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Figure 42 Temporal space profile of human cases of American Cutaneous Leishmaniasis in th
Amazon in association with spatial distributionLetzomyia whitmanifrom 2003 to 2013. Map develope
by the ANYcl| eo de Geoprocessamento LIS/ I CICT

In order to know the geographical distribution and the amount of flooding and flash floods event:
past two years (2016/2017), a search on official websiteh@mumber and location of occurrence
these events was performed in Minas Gerais (Eig§. Next, large, medium and small municipaliti
were selected, which presented more relevant information about the selected events in the last t
to integate the research (the next stage of interviews depends on the interviewee's memory) (Figu
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Figure 43. (A) Municipalities of Minas Gerais

Minas Gerais that registered flash floods in 2016/2017; (C) Flood and flash flood records in
Gerais in the years 2016/2017. Source: Integrated Disaster Information $yS#tb, 2018.
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Figure 44. Municipaiitiesselected to study the flow

floods.

of health information In floods and flash

Initially, the interview script was elaborated and applied to a pilot municipality (Sabard) in order tc
the adjustments necessary for the subsequent interviews. After this step, the interviews were ¢

with professionals from the Civil Defenddealth
Cataguases, Ferros and Guaraciama do not

Surveillance and Fire Department. The municipalitie
have a unit of the fire department in the municipe

necessary the displacement to other municipalities in order to guarantee that the uh#sfiod
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department responsible for these localities were interviewed, then (Leopoldina, Itabira and Monte
respectively) The interviews conducted in the city of Belo Horizonte will be held in June 2019 due
need to submit the project to te¢hics Committee of the city of Belo Horizonte. Ferros, for its proxir
to the state capital, will be visited at the same week of the interviews in Belo Horizonte.

Table 1.Schedule of interviews.

Municipality Schedule
2018 2019
Nov. Dec. Jan. Feb.
Sabara (Pilot) X
Governador Valadares X
Itabira X
Guaraciama X
Montes Claros X
Cataguases X
Leopoldina X
Januaria X
Belo Horizonte Still to be defined
Ferros Still to be defined

For the second year, the projeelated to the drought and health index raised the main variables relz
vulnerability in the semarid region, considering the scientific literature. The studied area, treatet
pilot, approached 65 municipalities in the states of Pernambuco, &iduBahia. Twentywo variables
covering sociedemographic (income, urbanization, vulnerable groups), epidemiological (infe
diseases, hospitalizations, mortality and hospital beds), water use (potability, sanitation, type of |
environment (denographic density, vegetation cover, drought index) aspects were compiled.
analysis showed that the first five factors explained 85.99% of the variance, and these have been
The configuration of the variables in each factor allowed to iffjag®em in the following dimensions: i
social health infrastructure (factor 1); (i) demographics and infectious diseases (factor
environmental health (factor 3); iv) socioenvironmental dengue (factor 4); and v) water availabill
health (fator 5).

The matrix rotated with the fevretained factors is shown imfile 2. In substantive terms, the first facto
related to variables V1 to V6 representing the social dimension of the health infrastructure. Note
factor is strongly angositively related to variables V1 (hospital beds), V4 (rural vs. urban ratio)
(income) and V6 (sanitation), but strongly and negatively related to variables V2 (malnutrition) &
(probability of dying before the age of 40). The second factor dsnsisthe variables V7 to V11 ar
configures the demography and infectious diseases dimension. It is positively related to the varie
(visceral leishmaniasis), V8 (skin infections) and V10 (infant population), while negatively associate
V9 (elderly population) and V11 (female heads of household). The third factor refers to variables
V16 and concerns the environmental aspect of health. All variables showed a positive associat
factor 3 (V12- asthma, V13 mental disorders, V14 infant mortality, and V16 water consumption)
except for V15 (forest cover). The fourth factor comprises variables V17 to V19 related
socioenvironmental aspects of dengue. All the variables that compose it are positively related
dengue, V18 demographic density, V1D droughts). Finally, factor 5 connects variables V20 to \
designating water availability and health (V2basic care, V22 quality and supply of water), in whic
only V20 (hepatitis) is negatively associated.

Table 2.Rotated varimax matrix showing the loads of each variable used by extracted factor and its commonalities.

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor5 Commonalities
V1 (hospital beds) 0,53874 -0,04145 0,01248 -0,12236  -0,01013 0,307
V2 (undernutrition) -0,64774  0,04608 0,31335 0,02798 0,13701 0,539
Xg’e('g;c’f(%b"ity ofdying before th 5 55515 01530 0,020  -0,29756  -0,18104 0,575
V4 (rural x urban ratio) 0,69611 -0,18518 0,06469 -0,34891 -0,02113 0,645
V5 (income) 0,55171 0,06282 -0,51859 -0,42134 0,17425 0,785
V6 (sanitation) 0,64679 -0,24293 -0,25143 0,12861 0,18599 0,592
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V7 (visceral leishmaniasis) -0,38277  0,45997 0,21145 -0,01965 0,14988 0,426

V8 (skin infections) -0,18914  0,4937 0,32795 0,20103 -0,21567 0,474
V9 (elderly population) 0,04177 -0,85757  -0,0901 0,02986 -0,00164 0,746
V10 (infant population) -0,13334 0,8179 -0,31281 -0,01668 0,05345 0,788

V11 (female heads of household

il o6 eduention 0,06206 -0,56892 -0,21012 0,30695  0,25531 0,531
V12 (asthma) 026729 002018 051826 041728  0,15749 0,539
V13 (mental disorders) -0,13957 0,34719 0,6575 0,05522 -0,04543 0,577
V14 (infant mortality) 013438 0,30063  0,32882  -0,05571 0,15767 0,245
V15 (forest cover) 0,12638 0,05934  -0,54295 0,00643  -0,03843 0,316
Xjﬁsgprﬁgfig‘ﬁ;ta water 0,16662 0,01665 0,37709  -0,11149  -0,10703 0,194
V17 (dengue) 011092 021544 03039 046107  -0,03942 0,365
V18 (demographic density) 0,25566 -0,24809 -0,00268 0,67303 0,24874 0,642
V19 (drought) 011888 0,074  -0,14818 047617  -0,17475 0,299
V20 (hepatitis) 0,14548 003473 01712 006529  -0,52046 0,327
V21 (basic care cover) 037008 036779  -0,11245 -0,20802  0,3894 0,480
gfzvzvéfe‘i';’p'y/dema”d andquality 577 .0,0248 029678  0,11446  0,55434 0,417

The construction of the Vulnerability Index of Drought and Health (VIDH) was based on the |
obtained in the factorial analysis. The loads obtained in each factor were considered to asse
regression equations and generate the valudiseoindices. For comparison, the generated indices
standardized to values ranging from 0 to 1, where 0 indicates less vulnerability and 1 greater vuln
The factor loads allowed the discrete identification of five aspects of human heakhability to drought
from the spatial variation of the indices generated. These factors include the dimensions observ
factorial analysis, such as health and socioeconomic infrastructure (factor 1), demography and i
diseases (factor 2), einonment and health (factor 3), socioenvironmental and dengue (factor 4) anc
availability and hedh (factor 5) shown in Figure 4% is worth remembering that these dimensions do
represent precise categories; only show the key indicatorgiabhs that define each of the five retair
factors and thus the five indices of health vulnerability to drought. The factors of health infrast
(factor 1), demography and health (factor 2) and water availability (factor 5) are more prevalen
municipalities of Piaui, while the environmental and health aspects (factor 3) and socioenvironme
dengue (factor 4) were also distributed, with greater emphasis, in the nalitiespof Pernambuco. Figui
46 shows the distribution of VIDH valuexcording to the five factors extracted in the factorial analysi:

Figure 46shows thebehaviourof the factors for the municipalities that recurrently appeared in the hi
categories of vulnerability aording to the maps of Figure 4Petrolina andJuazeiro, for example
presented medium loads for practically all factors. In Petrolina, factors 2 (demography and in
diseases) and 3 (environment and health) can be considered as the most relevant to explain hun
For Juazeiro, factors 2i¢mography and infectious diseases) and 5 (water availability and health
preponderant. In general, Piaui was the one with the highest number of municipalities in higheies:
of vulnerability (Figure 4), being also the ones that representedhtgbest and lowest scorasmong the
factors. In Figure 46it can be seen that the municipalities of Massapé do Piaui and Queimad:s
showed similar profiles, with factor 1 (health and socioeconomic infrastructure) and 4 (socioenviror
and denguepeing the most important. In Francisco Macedo, factors 3 (environment and health)
(water availability and health) were fundamental to increase the vulnerability of human health to drc
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Figure 45. Distribution of the values of the indices formed by the regression of factors 1 to 5 for the 65 municipalities studisthiestioé Piaui, Pernambuco
and Bahia.
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