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O QUE E COMPLEXIDADE?

“A um primeiro olhar, a complexidade é um tecido (complexus: o
gue é tecido junto) de constituintes heterogéneos
inseparavelmente associados: ela elabora o paradoxo do uno no
multiplo.

Num segundo momento, a complexidade é efetivamente o tecido
acontecimentos, acoes, interacdes, retroacoes, determinacoes,
acasos, que constituem nosso mundo fenoménico.

Mas entao a complexidade se apresenta com os tracos
inquietantes do emaranhado do inextricavel, da desordem, da
ambiguidade, da incerteza...

Por isso o conhecimento necessita ordenar os fendmenos rechacando a
desordem, afastando o incerto, isto é, selecionar os elementos da ordem e da
certeza, precisar, clarificar, distinguir, hierarquizar...

edgar

a0 PENSAMENTO

Mas tais operacoes, necessarias a inteligibilidade, correm o risco de provocar a
cegueira, se elas eliminarem os outros aspectos do complexus; e efetivamente,

como eu o indiguei, elas nos deixam cegos”
PAG.13-14.




Complexity of Coupled Human and

Natural Systems

Jianguo Li, ™ Thomas Diete,” Stephen R. Carpenter,’ Marina Albert, Carl Folke,™*
Emilio Maran,” Alice N. Pell® Peter Deadman,” Timothy Kratz,'® Jane Lisbchenco,**
Elinor Ostrom,™ Zhiyun Ouyang,'® William Provencher,™ Charles L. Redman,

Stephen H. Schneider,™ William W. Taylar®

Integrated studies of coupled human and natural systems reveal new and complex patterns and
jprovesses not evident when studied by social or matural scientists separately. Synthesis of six case
studies from around the waorld shows that couplings between human and natural sysiems vary
Berods space, time, and organizationsl units. They slss exhibit monlinesr dyrambcs with thresholds,
reciprocal feedback boops, time Lags, resilbence, heterogeneity, and surprises. Furlbermore, past
couplings have legaey effects on present conditbans and future passibilithe:.

wupled human and retural systers ane n-

tegraed systemns in whach people et

with natural components. Although ramy
studses have examined hurman-rahoe mierctions
{1-51 the complexsty of coupled systems bax not
Tbeen well understoed (6, 7). The lack of progres =
brpehy duse o the taditional separten of ecologi-
atl and soeml seiemces (€], Although some scholars
Thawe shadied coupled systenms as complex adapive
sysiems (9, [, most of the previous wock has
lbeen theoretical mther than empanical.

An moressing number of interdEsciplmary
programs have been integrabng ecological and
social sciences bo study coupled human and nat.
wral systems (e.g., social-scodogscal systems: and
human-ervirooment systems). Here, we synthe-
sipe six case studses o demansimie the
used and resulis found (Fig. | and hle 51)

Cenier far Sywams ntegration and Sustanabibsy, Depart-
mant of Fiheries and Wildife, Michigan Suie Unlsersity,
East Lansing, MI 2824, UsA. “Environmental Science and
Folicy Frogram, Michigan State Universizy, East Lansing, Wi
48EI4, ISAL 'I:emznnrhmmlbg;_ University of Wisconsin,
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Madizon, Wi 53708, USA. “Gobal institube for Susiaine
ability, Arizona State University, Tempe, AZ 35227-3211,
USA “*Deparment of Biological Sciences, Stamied Uni-
warply, Stanlord, C8 34305-5000, USA

*To whom correspondence thould be addrsced  E-mail:
ligpanda mos ey

wernesciencernag.org  SCIENCE  WOL 317

These studies are on five continents: the Keryan
Highlands in Afnc (Kenya): the Wolong Nabane
Reserve for giant pamdss in China (Wolong);
Central Puget Sound of Washingtom (Puget
Sound) and Morthern Highland Lake Diistrict
of Wisconsin {Wisconsin) in the Ursted Stabes;
an area near Allamra, St of Pas, Braeil
[Alamiral and Knstianstads Vattennke of Swe-
den (Vatbennket) (Fag. 1) They inchade urban
(Puget Sound), semi=urban (Yabiennketh and
rural areas (Abamsm, EKenya, Wisconsn, and
Wileng), and they ane i developed countries
(Puget Sound, Wiscomsin, and Vattenriket) and
developing countries (Alamira, Kemya, and
Wileng). These shxdies are m different ecologi-
i, s ic, political, d i ared
culbural seitings, and they encompass & vanecty of
eosysiem services and eovironmental problens
(table S1).

These studbes share four magjor fenres. Farst,
they explicithy addness complex interactions and
feedback between human and natural systenms.
Unlike maditional ecologscl mesearch that ofien
excluded human impacts or social research that
generadly ignored ecological effiects, these siudies
oonsider both ecological and buman components
s well as their connections. Thus, they measune
not only ecolgical variables (eg., lbndscape
patterns, wildlife habstm, and baodiversity) and
human vamables (e, soooeconpmic processes,
scml petworks, agents, and stnactures of multi-
level governance) (/1), bt abso vanables that
link matural and human components (e.g., fuel-
wood collection and use of ecosysiem seraces).
Sevomd, cach shady eam is imterdisciplinary, ens
gaging both ecological and social scientists
aronund common questions. Thard, these studies
integrate vanous tooks and techniques from eco-
legical and social swiences az well & other dis-
ciplnes such as remote semsing and geographic
information sciences for data collection, manage-
ment, analysrs, modeling, and inbegraton | 1/-15)
(kzble 51). Fourih, they are smultaneously coniext-
specific and longitadinal over periods of tEme

i A

long enough o elucdaste temporal dymamics. As
axch, these shidies have offered unsque mier-
disciplinary insmghts inko complexitses that canmat
b gained Eom eoclagical or sooml rescarch alome.

Reciprocal Elfects and Feedback Loops

In coupled buman and mral systens, people
and nature interact reciprocally and form come
plex feedback loops. For example, Incal residents
m Woleag use forests as fuebvood for cookmg
and heating. As forests near bousehalds wene de-
ploted dise to faddwood collection (16), local res-
sdenits had 1o collect fuekwvood from aress G
away (/7). Becse these forests are bamboo
forests (habitat for the endangered prant panda)
and the bamboo in the forests is the shaple food
for the panda, fisshwood collection has led 1o
suhstantial deterioratson m forests and  panda
Fabitat {1#). To prevent furtber degradation and
resiore panch habstat, the Chanese government
began o mmplement three magor conservataon
palicies several years ago, which belp both locl
residents and panda behit In Kema, locl
residents comvert fonests into cropland and inken-
svely cultivate land without supplying addisonal
rutrients, in some cases for mare than 1 vears.
Soal degracation with the resulimg decreses in
crop yields and greater food inzecurity hastens
comversion of remamning forests b agnoulbre.
Similarly, in Altamim, 255,739 hectares (ha) of
forests had beenm converted into pasture and
croplind & of 2003, As soil quality declines,
fertilizers must be applied, crops are shified o
those with lower nutrient requirements, or more
forests are converted into cropland {thene were
still 136,913 ba of foresied area in 2003,

Feadback between bumen and natural sys-
tems in the agnculiuml and fousam seciors of
developed countries & in many ways similar 1o
feedhack in developing conmiries. For example,
local peopde (76,000 = 2005) m Vatbenmiket ben-
efit from ecosystem services that are the result of
lomg-term buman maragement of the agnoalharal
brdscape. In Wisconsan, ecosystem conditions
affect tounsm, whach is the mairstay of the econ-
omy, but economsc development and ecosysiem
exphoitaiion from ivasm ofien degrade the gual-
ities that attract tourists.

The ecodogcal and socioeoonomic patterns
and processes in urban coupled systems ane dif-
ferent from those in ruml aness. They are me-
dizted by factors such as the urban formy, built
mifimstnschare, and location and consamption pref-
erences of helerogenoomrs howscholds and busa-
messes. For example, m Puget Sound, a distinctive
spatial heterogeneity can be ohserved across an
wian to nral gadiemt in relation o diverse
development patiems (/8 Land-cover changes
mifluence biophysical processes {e.g., waler pun-
fication) and stream biotsc micgnty {/5). Further-
mare, changes in land cover due o development
m tum affiect kind value and real estate markets, as
evidenoed by values of real estale baving up io a
6.5% premium assocised with forest cover ({9
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Fig. 2. The relationship between fish habitat (logs per kilometer) and
house density in the Northern Highland Lake District of Wisconsin,
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DEFININDO COMPLEXIDADE

Complex systems are networks made of a number of components that
interact with each other, typically in a nonlinear fashion. Complex
systems may arise and evolve through self-organization, such that they
are neither completely regular nor completely random, permitting the
development of emergent behavior at macroscopic scales.

Emergence is a nontrivial relationship between the properties of a
system at microscopic and macroscopic scales. Macroscopic properties
are called emergent when it is hard to explain simply from microscopic
properties.

Self-organization is a dynamic process by which a system

spontaneously forms nontrivial macroscopic structures and/or
__bhehaviors over time

Hiroki Sayama
Binghamton University, SUNY
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Figure 1.1: Visual, organizational map of complex systems science broken into seven
topical areas. The three circles on the left (Nonlinear Dynamics, Systems Theory, and
Game Theory) are the historical roots of complex systems science, while the other
four circles (Pattern Formation, Evolution and Adaptation, Networks, and Collective
Behavior) are the more recently studied topical areas. Created by the author and
available from Wikipedia [3].



CARACTERISTICAS DA COMPLEXIDADE

SISTEMA DINAMICO em evolucdo
constante, formado por GRANDE
NUMERO DE UNIDADES

ORDEM EMERGENTE: sistema se
auto-organiza

Cada unidade interage com um certo
numero de unidades, bem menor, de
outras

SISTEMA HIERARQUICO

SISTEMA ABERTO interagindo com o

] ATRATORES MULTIPLOS
ambiente

Cada unidade produz resposta aos sinais
gue recebe, sem guardar relacao de

proporcionalidade SISTEMA NAO LINEAR

QUEBRA DE ERGODICIDADE

PROPRIEDADES COLETIVAS
EMERGENTES, qualitativamente
novas Pag. 11-12

APRENDIZADO: sistemas complexos
adaptativos

ALEATORIEDADE




MODELAGEM DE SISTEMAS COMPLEXOS

A model is a simplified representation of a system. It can be conceptual, verbal,
diagrammatic, physical, or formal (mathematical).

- rule-based

| Descriptive modeling In this approach, researchers try to specify the actual state descriptive

of a system at a given time point (or at multiple time points) in a descriptive
manner. Taking a picture, creating a miniature (this is literally a “model” in the
usual sense of the word), and writing a biography of someone, all belong to
this family of modeling effort. This can also be done using quantitative meth-
ods (e.g., equations, statistics, computational algorithms), such as regression

theories

\ 4

dynamical equations

diagrams

analysis and pattern recognition. They all try to capture “what the system looks pictu r‘
like."
Rule-based modeling In this approach, researchers try to come up with dynami- statistics

cal rules that can explain the observed behavior of a system. This allows re-
searchers to make predictions of its possible (e.g., future) states. Dynamical
equations, theories, and first principles, which describe how the system will
change and evolve over time, all belong to this family of modeling effort. This
is usually done using quantitative methods, but it can also be achieved at con-
ceptual levels as well (e.g., Charles Darwin's evolutionary theory). They all try
to capture “how the system will behave”

5
mod

texts

cellular
automata

Hiroki Sayama
Binghamton University, SUNY



Pushing Networks to the Limit

FERSPECTIVE

Scale-Free Networks: A Decade

and Beyond

Albert-Lisdd Barahdsi

For decades, we facitly assumed that the components of such comglex systems as the cell, the
society, or the Internet are randomly wired together. In the past decade, an awalanche of research
has shown that many real networks, independent of their age, hunctian, and scope, converge to
similar architectures, @ unhersality that allowed researchers from different disciplines to embrace
network theary a3 & comman paradigm, The decade-old discovery of scale-free networks was ane af
those events that had helped catalyze the emengence of network science, a mew research field with
ils distimet set ol chatlenges and accomplishments.

e, society, and many technodogies ane
N:::;air-ad by mumerous petworks that
are nod only oo mpordant Go fail but

paradoxically for decades have also proved oo
conraplicated to understanid. Simphe models, ke
the ome introduced in 195% by mofkematicions
Pl Endos and Alfnéd I{tujri i), drove misch of
aur thinking about interconnected sysiems. They
s it complis gysens g wined randonly
ingether, a hypothesss that was adopied by so-
chobogy, biology, and compoter seiencs It had
comsickerble predactive power, explaming for exs-
ample why everybody is only six handshakes
from aryboidy eke (2-51, a phenomenon ob-
served as early as 1929 () b which resonated
in physacl scinees only alber Duncan Watts and
Sazphen Strogatz extended its reach beyond so-
chrbogy (5. Yet, the undeniable success of the
mandam hypathesis did pose o fandamental ques-
o Ane izl netsorks ruly ndom? That {5
conlld systens such as the cell ar o society fine-
tion seamlessly if e podes, molecules, or
peapds wene wired randomly ogether? This gues-
tion maotivabed cur work as well, kading 10 yeas
agy W the dscovery of the scale-free praperty
i, 7.

Chur firt clue that real networks may show
manifesthy nonendiom femures alsoe come |0 vears
s Troem 1 e of the Woeld Wide Wb [WWW)
(¥, finding that the probability that & Web page
he emactly & lmks (in other wonls, degree £
follows a power law disinibation

ik - &7 in
a sturming departure from the Podsson destribo-
tion prradicaed by o network teory (1), Yer,
it was not until we realized that Eg. | characters
izes the metwork of actors linked by movies and
scientfic papers linked by citaons (9 that we

e dor Comples Wetwort Besearch, Department of Phrgics.
Edzdngy, and Compuner Scionto, Morthecsiens Unharsity, Bodon,
M LIS, USA. Department of Mediciee, Harvard. Merfoal
Schoed and Cemer dor Cancar Spsiere , Dara Farber
Caide instibple, Bossos, 0215, LS E-mail allgg e sdu

suspecbed that the scale-liee property (&) maght
it bez v o the WOWOW, The main purpass of
the 19%9% Scfewce paper wis o neport his
unexpected similarity between networks of quie
aliffiznent ratue ard o shivw il bvo mechanisms,
grvwih and preferential atachment, are the
underdying causes (Frg. 1),

When we concluded in 1599 that we “expect
that the scabe invariant state [...] 8 & genenic

property of many comples networks™ (7, it was
mare of a prediction than a fact, becuse nature
conld Fave clisen s many different architee-
tures a5 there ame networks. Yet, probably the
maet surprising discovery of modem network
theary is the universality ol the netwark opalkogy:
Mlany real retworks, from the cell oo the Inemet,
mndeperelent of ther age, function, aml sope,
comverge o similar archissctares. BB this uni-
virsality that allowed nessarchers Trom dilferent
disciplines o embmes netwark theary as 2 cam-
o prndigm

Teelay, the scole-free nabure of networks of
Ry scientifhe imserest, from protein ineretions 1o
socinl networks and from the netaark of inker-
linkoed dosuments that make up the WWW ko the
inbercanmected hardwane behind the Imiemest, has
been established beyond doubt. The evidence
comes mit anly from better maps and dala sels
bt also from the agreement betwesn empirical
chatan and anabytical models tat prediet the netwark
strugture {16, 11}, Yet. the carly euphona was not
without regative sidi eflicts, prompling s -
searchers o label many systens scale-free, even
when the evidenee was starce an best, However,
the net resul was o fivee us fo better pndersinnd
the factors that shape notwork stnsctune. For ex-

Scala-Free Model
te1 t=2 t=% t=4
RN “. | &>
A e . o
o -
|
t=5] - 1=8 t=7] @~ =8
*e. | 5. | %77 . %
e | P | D | S8
L . >, e
Seienlific Collaboration Natweek
i |
4l iy, J 3
— —
T= 1 menth T = 2 months T = 3 mornihs

Fiig. 1. The birth of 3 scale-free network. (Tap and Middlel The simplest process that can produce a
scale-free topology was intreduced & decade ago in (61, and it is Wustrated in the top two rows, Ssarting
from three connected nodes ftop lefil, in each image a new node (shown 35 an empty drcle is added to |
the network, When deciding where to tink, new nodes prefer to atiach to the mare connected nodes, 3

process known as preferential attachment, Thanks ta growth and

prefierential attachment, a rich-gets-richer

iprocess is okserved, witich means that the highly connected nodes acquire more finks than those that ane less
connected, keading to the natural emergence of a few highly connected hubs, The node size, which was
chosen to be propartional to the nade’s degree, Whistrates the natural emergence of hubs as the largest
nodes, The degres distribution of the resulting network follows the power ke {Eq, 1) with exponent ¢ = 3.
Sen also movies 51 to 53. (Bottom) lllustration of the growth process in she co-autharship netweork of
physiciste. Each node corresponds toan individual authar, and two nodes are connected if they co-
authored a paper together, The aur images show the netwark’s growth at 1-morth time ntervals,
indicating how the network expands in time, leading to the emergence of a clear hub, Once again, the
node siee was chosen fo be propertional & the nade's degree, [Credit 0. Wiang and G, Palla]
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EXEMPLO DE REDES COMPLEXAS
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Super-spreaders

One-hundred-forty-four of the 206 SARS pa-
tients diagnosed in Singapore were traced to
a chain of five individuals that included four
super-spreaders. The most important of these
was Patient Zero, the physician from Guang-
dong Province in China, who brought the dis-
ease to the Metropole Hotel. After [1].

Na noite de 21 de fevereiro de 2003, um médico da
provincia de Guangdong, no sul da China, entrou no
Metropole Hotel em Hong Kong. Ele ja tratou pacientes
gue sofriam de uma doencga que, sem um diagndstico claro,
era chamada de pneumonia atipica. No dia seguinte,
depois de deixar o hotel, ele foi ao hospital local, desta vez
como paciente. Ele morreu la varios dias depois de
pneumonia atipica.

O médico nao saiu do hotel sem deixar rastro: naquela
noite, dezesseis outros hospedes do Metropole Hotel e um
visitante também contrairam a doenca que acabou sendo

renomeada para Sindrome Respiratéria Aguda Grave

(SARS). Esses convidados levaram o virus da SARS para

Hanai, Cingapura e Toronto, provocando surtos em cada

uma dessas cidades. Epidemiologistas mais tarde
localizaram perto da metade dos 8.100 casos
documentados de SARS no Metropole Hotel. Com isso, o
médico que trouxe o virus para Hong Kong se tornou um
exemplo de super espalhador, um individuo responsavel
por um numero desproporcional de infec¢des durante uma
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EXEMPLO DE REDES
COMPLEXAS
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EMERGENCIA PRATICA DA COMPLEXIDADE

Gestao do risco
climatico

Gestao de
conflito em
recursos hidricos

Hidrologia em
bacias
“engenheiradas”

Aguas em
ambiente urbano

Servicos ambientais
em rios e bacias
hidrograficas:
restauracao fluvial

Nao
estacionariedade
devido a mudanca
do uso do solo e

clima

Seguranca hidrica e
incerteza nas
demandas: dinamica
economia

Gestao de secas
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Evolving water science in the Anthropocene

H. H. G. Savenije', A. Y. HoekstraZ, and P. van der Zaag'-

ANTROPOCENO: Os seres humanos formam uma forca geofisica
significativa (Steffen et al., 2007).

Nossa espécie esta modificando fortemente o ciclo da agua terrestre
interceptando o fluxo do rio das terras altas para o mar e, através da
mudanca da cobertura da terra, alterando o fluxo de vapor de agua da
terra para a atmosfera.

O conhecimento da engenharia e gestao da hidrologia e dos recursos
hidricos ajudou a transformar a paisagem e, portanto, também a prépria
hidrologia nas proprias bacias hidrograficas.

Os seres humanos mudaram a resposta hidroldgica de
muitas bacias hidrograficas do mundo através de um ou
mais dos seguintes meios:

(a) Retirada direta dos fluxos de agua, incluindo
transferéncias entre bacias para suprimentos de agua
para cidades, industrias e agricultura;
transformacao da rede de riachos, por exemplo, através
da construcao de barragens e reservatorios ou
canalizacao de rios;
alteracao das caracteristicas da bacia de drenagem, por
exemplo, através de desmatamento, urbanizacao,
drenagem de dreas Umidas e praticas agricolas; e

“Testemunhamos um processo de co-evolucdo entre o sistema atividades que alteram o clima regional ou global, por
. .. . . exemplo, melhorando as emissdes de gases de efeito
natural e a sociedade, pelo qual os limites do sistema de apoio
. . - . estufa, as mudancas de cobertura da terra e o consumo
ambiental forcam as sociedades a tomar acdes, sejam elas

de agua consumido.
defensivas, evasivas, ofensivas, corretivas ou acomodativas. (e) Além disso, os seres humanos influenciaram fortemente

a qualidade fisica, quimica e bioldgica de cérregos, lagos
(H H. G. Savenije et al.: Evolving water science in the Anthropocene; e massas de aguas subterraneas através de varios tipos

Hydrol. Earth Syst. Sci., 18, 319-332, 2014) de fontes difusas e pontuais de poluicdo




PEGADA ECOLOGICA

How many Earths does it take to support humanity?
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MEGA EXTINCOES

FIGURA 3 Proporgio de espécies em

diferentes categorias de ameaca
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EXTINGAO DE FUNDO X EXTINGCOES EM MASSA

caminho do desaparecimento.

Anfibios: calcula-se que a taxa de extin¢cdao do grupo pode ser até 45 mil vezes superior a taxa de fundo.
Estima-se que um terco de todos os recifes de corais, um terco de todos os moluscos de dgua doce, um terco dos
tubardes e arraias, um quarto dos mamiferos, um quinto de todos os répteis e um sexto de todas as aves estdo a

Panorama da Biodiversidade Global 3
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Fig. 1. Global hydrological fluxes (1000 km3/year) and storages (1000 km?)
with natural and anthropogenic cycles are synthesized from various sources
(1, 3-5). Big vertical arrows show total annual precipitation and evapo-
transpiration over land and ocean (1000 km3/year), which include annual
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precipitation and evapotranspiration in major landscapes (1000 km3/year)
presented by small vertical arrows; parentheses indicate area (million km?).
The direct groundwater discharge, which is estimated to be about 10% of
total river discharge globally (6), is included in river diccharne.
Global Hydrological Cycles and
World Water Resources
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Human modification of global water vapor flows
from the land surface
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MUDANCAS CLIMATICAS

IPCC AR5 - Cenarios de forcantes radioativas
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PROGRESSOS NA
REPRESENTACAO DOS
PROCESSOS FiSICOS

NOS MODELOS
CLIMATICOS

The World in Global Climate Models
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Global surface warming (°C)
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MUDANCAS CLIMATICAS
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CLIMATE CHANGE

Has there been a hiatus?

Internal climate variability masks climate-warming trends

By Kevin E., Trenberth

very decade since the 1960s has been

warmer than the one before, with 2000

to 2009 by far the warmest decade on

record (see the figure). However, the

role of human-induced climate change

has been discounted by some, owing to
a markedly reduced increase in global mean
surface temperature (GMST) from 1998
through 2013, known as the hiatus (7-3).
The upward trend has resumed in 2014, now
the warmest year on record, with 2015 tem-
peratures on course for

as a result of internal natural variability.
Temperatures have mostly increased since
about 1920 and the recent rate is not out of
step with the 1950-1999 rate (3), but there
are two intervals with much lower rates of
increase. Only the most recent of these two
hiatuses has occurred in the presence of
fast-increasing greenhouse gas concentra-
tions. It is thus important to understand its
origins and whether or not it indeed indi-
cates a flaw in model projections and thus

in climate change theory.
Interannual variability in GMST is partly
driven by the El Nino-

another record-hot year.
Although Earth’s climate

is undoubtedly warming, ‘Watumlﬂuctuations
weather-related and in-  gre big L’nﬂugh to

ternal natural climate

Southern Oseillation in
the Pacific Ocean. The
vear 1998 was the warm-
est on rec-ord in the
20th century because of

variability can tempo- overwhelm the steady e 19971905 11 Nifio,

rarily overwhelm global backgmund warmi"g

warming in any given

vear or even decade, es-  (Uf QY point in time.”

pecially locally.

Karl et al. recently argued that there has
been no slowdown in the rise of GMST and
hence no hiatus (3). The authors compared
slightly revised and improved GMST esti-
mates after 2000 with the 1950-1999 pe-

"l Lopcdine shat ok P |

the higgest such event
on record. During that
El Nifio, ocean heat that
had previously built up
in the tropical western Pacific spread across
the Pacific and into the atmosphere, invigo-
rating storms and warming the surface, es-
pecially through latent heat release, while

the ocean cooled from evaporative cooling
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A staircase of rising temperatures. (A) Seasonal (December-lanuary-February; etc.) global mean surface
temperatures since 1920 (relative to the 20th-century mean) vary considerably on interannual and decadal time
scales. Data from (19). (B) Seasonal mean PDO anomalies (8) show decadal regimes (positive in pink; negative
inblue) as well as short-term variability, A 20-term Gaussian filter is used in both to show decadal variations, with
anomalies reflected about the end point of March to May 2015 (heavy black curves). (C) Decadal average anomalies
(starting 1921 to 1930) of GMST (green) along with piecewise slopes of GMST for the phases of the PDO (orange). Mote
how the rise in GMST (A) coincides with the positive (pink) phase (B) of the PDO at the rate given in (C).
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VARIABILIDADE CLIMATICA EM MULTIPLAS ESCALAS
TEMPORAIS

(),

S—

-
—_—
A )
L ¥

TR\ Wl
I ey »MM

AR




CRESCIMENTO DAS CIDADES
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DESIGUALDADE SOCIAL

IDH dos bairros de Fortaleza - 2010




RESTAURACAO FLUVIAL
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G. M. A T Boulton, 5. OTanisl, G. C. Poala, F. ] Fahel E. H. Stanley, E. Wohl A Bing, I.
Carlstroms, C. Cristond, H Huber, 5. Eoljenen, P. Louhi, and E. Nakamura 20:06. Process-based ecological
Tiver resteration” visualizing three-dimensional connectivity and dynamic vectors to recower lost linkages.
Ecology and Sociery 11(2): 5. [online] URL: jety. fissdiants’

Insight. part of a Special Feature on Restoring Riverine Landscapes
Process-Based Ecological River Restoration: Visualizing Three-
Dimensional Connectivity and Dynamic Vectors to Recover Lost Linkages

G._Mathias Kondolf, Andrew J_ Boulton’, Scott O Daniel’ QWM ¥, Frank J Rahel’,
Emily H Stanley®, Ellen Wohl", Asa Béng®, Julia Carlstrom®, Chiara Cristoni, Harald Huber!?,
Saija Koljonen!!, Pauliing Louhi'?, and Keigo Nakamura'3

Fig. 1. Solid arrows represent ecological degradation and dashed arrows represent restoration
trajectories plotted on axes of longifudinal connectivity and flow dynamdcs. See Appendix 1 for a
discussion of trajectories.
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Synthesizing U.S. River
Restoration Efforts

E 5. Bernhardt, ™ M. A Palmer,” |. D.Allan,? G ALescand e, 2 K. Barnas? 5. Broo ks, *
J.Cam,*S. Qlay ton,* C. Dahm,” ).Follstad-Shah,” D. Galat.*” 5. Gloss,"" P. Goodwin,*
D. Hart,® B. Hassett, " . Jenkinson, " 5. Kate? G. M. Kendolf, 2 P. 5.Lake,* R Lave,'2
J.L Meyer, " T. L 0'Donnell ? L Pagano, ® B. Powell,"* E Sudduth™

fresh waer, food, and recreation i well

known, yet there is increasing evidence
that degradstionof running waiers is stanall-
time high (/). More than one-third of the
rivers in the United States are listed as
impaired or polluted (2), and freshwater
withdrawals in some fegions ane 5o extfeme
that some major fivers no longer flow to the
a3 year found (3. Extinetion rates of fresh-
water fma are five times that for emesirial
biots {4, 7). Formmately, stream and river
restoration can lead to species recovery,
improved inland and coastal waier quality,
and new areas for wildlife habitai and recre-
aiional sctivities (6-11).

River resioration has become a highly
profitable business (12, 19) and will play an
increasing role in environmental manage-
ment and policy decisions { M. A few high-
rofile and large restoration projects such as
those on the Kisimmes River (11, M) and
the Grand Canyon (15, 16) are well docu-
mented. However, mast reoration projects
are amall scale (implemented on less than 1
km of stream lengih), and information on
their implementation and outcome is not
readily accessible. This prompied us tobuild
a database of river restoration across the
United Sistes with the goal of determining
the common elementsof sue cessful projects

Tue impar tanee of rivers and streams for

‘Universty of Marglard, College Fark, D, “School of
Matwral Resowrces and Environment, Unihersty of
M higan, Arm Arteor, ML SNonfrwest Rcharies Schnoe
(e [ MWFSC), Magonal Oraanographic and Space
Acindsiration [NOAAL Seatibe Wi, USA *Monash
Ul wers ity, Clayton, VI, Ansiralia “Academy of
Matsal Soences, Frilade piia, i, “Uninessty ofidake,

10, TUniearsity of Mew Mesico, Albagutngse,
MM LS, Geological Sarvey [USGS), Coopemtive
Resaan by Lindts, Colimii, M0; *University of Misos,

Georgla, Athens, GA; "“Canter for Blalogical
informatics, USGS, Denver, C O, USA. Comp lete
addsses are LIl crline

“Present acdmos Dube U nisersity, Duaem, NC, US4
Thmthor for comespondence. E-mai: emily.
i g

We found that existing resioration datshases
are highly fragmented and often rely onad
hoc or volunteer data entry, This, we devel
oped methods for the unbiased collection
and cataloging of river and siream restors-
tion projects. Here, we report a synthesis of
informatien en 37,099 projects in the
National River Restoration Science
Synthesis {NRRSS) database.

The NERSS dutsbase inchides all stiesm
and river restoration projects present in
national datsbhases asof July X4, a5 well asa
large sample of river and stream restoration
projects from seven geographic regions (see
figure, below) [{17) part a]. Because we
wanied i document how resioration dollars
and effors were alleeaied, we did not limit
data collection to projects that fit our defing-
tion of resioration. Mo judgments were made
of the validity of the terms “siream restors-
tion™ or “project.” Use of national coverage
ity sonrees | { 17) part b] ensned inclusion of
projects from all S0 sstes For the seven spe-
cificregions, we also collected information on
all restoration projects for which we could
obtain dats, regandlessof project size, restors-
tion method, implementer, or perceived sue-

Paadic N ot

Contral LS. rga rivers.

(California Soufmenst

Project density (no. of proj ects per 1000 river km) f rom national
coverage databases only versus in-depth regional project
record sum marie s (2l dota sources) [table §1( 17 Jparthl.

wess o failure of he project We identified a
riod 13 caegories of restoration and ¢lass-
fled each project according o its tated poal

[seoe: table, puage 637 amnd {1 7) pea
The number of river restory
increased exponentially duf
decade, paralleling the iner
media and scienti fic repons [fig
d]. However, restoration efforis]
meographic regions. Most proje]
from the Pacific Northwest, th
Bay watershed, or Califomisy
e ko). Dhatn firodn national oo
[(f 7 pant b] made up <B% of
NRESS database. Thus, while i
Suppons some tracking e ff
restoration databases are no
majority of projects and kack i
ihe regional differences in exg
effort found with our approsch.
The most commonly sta
fiver restoration inthe United)
o en hance water quality, (i
riparian zones, (iil) 1o imp rof
habitat, {iv) for fish passagd
bank stabilization | see figur
Projects with these goals are 1
in seale with median costs of
table, page 637). A large
festoration dollars afe spent o
expensive projects simed at
foodplins, modifying flow]
sesthetics or recreation, and 1
river and atream channels (o
837). Of the projecs in our &

had o listed goals; in many cases, descrip-
tigns were 1o limited w determine whether
projects were indenaken i restore stream
ecOSYSEMmS o were merely fver manipuls-
tion projects {e.g., bank stabilization) | 15).
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ESCALA E HETEROGENEIDADE
DOS SISTEMAS




ENERGIA ELETRICA:
UMO POR REGIAO

Figura 3
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SETOR HIDROELETRICO
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BACIA DO RIO SAO FRANCISCO

Venezuela Fr.Guiana
Co!ombia Guyana
Ecuador
Sdo Francisco River Basin
Peru
Bolivia
Watercourses:
— S0 Francisco
River Chile Paraguay
~ Main tributaries |2°° i
A Storage reservoir
Argentina Q
@ @ Run-of-river reservoir
Uruguay
Preto River _lQueimado
) *1105 MW ; Paulo Afonso-
Paracalu River Sobradinho Moxoté Complex
1050 MW 4285 MW
Sdo Francisco River - B 7 Allantic
: & 8/ 7 Ocean

Paraopeba River . Trés Marias Itaparica Xingé

Retiro Baixo 396 MW 1500 MW 3162 MW

82mw

ENA mensal Média 7938 MWmed

an

50000
45000
40000
35000
30000
25000
20000
15000
10000

5000

ENA - Bacia do Sao Francisco (MWmed)

55555 Uso Demanda
- | Vazdo (m3/s) Proporgdo
A Abastecimento urbano 31,3 10%
B8 D Evumac) Abastecimento rural 3,7 1%
- | Irrigag3o (2013) 244,4 79%
’.E,w B Cria¢do animal 10,2 3%
T Abastecimento industrial 19,8 6%
= e |- Total 309,4 100%




SEGURANCA HIDRICA

Capacidade de uma populacao para garantir o acesso
sustentavel a quantidades adequadas de agua, com
qualidade aceitavel para a subsisténcia, o bem-estar humano
e o desenvolvimento socioeconbmico, assegurando a
protecao dos recursos hidricos contra a poluicao e os
desastres relacionados com a agua, bem como a preservacao
dos ecossistemas em um clima de paz e estabilidade politica.

UN-Water, 2013

SEGURANCA ALIMENTAR, AMBIENTAL E ENERGETICA
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MACROALOCACAO NEGOCIADA DE AGUA
PROCESSO PARTICIPATIVO

Reuniao de Alocacao
de agua na bacia do
Curu (2011) K

Bacia do rio
Jaguaribe (1995)

Comissdo do Comissdo
Jaguaribe Banabuit @ gestora de acude




SISTEMA DE RECURSOS
HIDRICOS DO CEARA

1906 ) Agude Cedro

1992

Lei Estadual de
Recursos Hidricos

1987

Secretaria de
Recursos Hidricos

10CS DNOCS UFC Empresa de
consultoria SIRAC
_ 7
) g N o J
1915 | 1919 | 1932 1942 I 1958 1970 1983

CONSTITUICAO
FUNCEME DE 1988

1972 1988

| Plano Estadual de Recursos
Hidricos

1994

I reunido de alocac¢do de agua do
Vale do Jaguaribe

I
P

LANOS DE BACIA

COMITES DE BACIA

O °
1997 CASTANHAO
SECA EIXAO JAGUARIBE-
METROPOLITANO
COGERH
PROURB @
(BANCO MUNDIAL)
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ESTUDO DE CASO: EUTROFIZACAO EM RESERVATORIOS
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Area do Estado: 148.000 km?

Regides hidrograficas do Estado: 12

Precipitacao média: 806 milimetros

Evapora¢ao média anual é de 2.000 a 2.500 mm/ano.
Pequenos Reservatdrios: 28.000 (acima de 0,5 hectares de area)
Reservatorios Estratégicos: 153 reservatorios

Capacidade de Regularizagdao (90% de Garantia): 130,21 m3/s
Capacidade de Armazenamento: 18,93 bilhdes de m?
Comprimento de Canais: 408 km de canais

Adutoras: 1.784 km de adutoras

Comprimento de Rios Perenizados (2012): 2.582 km
Populagao: 8,95 milhdes de habitantes

Area Irrigada (com infraestrutura): 72.000 hectares




IMPACTOS DA SECA
ESTRATEGIAS LOCAIS = IMPACTOS MULTI-ESCALA

Aumento do
numero de
pequenos
reservatorios
multiuso

Crescimento forte da
pecuaria de Leite

-> manutencao da
atividade produtiva,
“homem no campo”

Acude de Milha seca
enquanto os acudes a
montante tem agua

-> impactos ate para os
grandes reservatorios
estratégicos

SENADOR POMPEU

Micro bacia de 20 km?
>100 reservatorios

Burte (2019)
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*Serras secas e dissecadas
localizadas principalmente na borda
oeste da bacia do Banabuiu e sul do
médio Jaguaribe.

*Solos rasos e afloramentos
rochosos em areas com declives
ingremes.

*Areas de reserva legal de caatinga.
*Pecuaria mais intensiva com
pequenas propriedades em
comunidades mais isoladas.

W
A Nty

W}J% y

*Terrenos suavemente aplainados,
com menor altitudes que as serras.
*Pequenas e médias propriedades.
*Grande ocorréncia de pequenos
acudes em funcao da drenagem.
*Predominancia do cultivo de milho
e feijdo e pecuaria mais intensiva.
*Solos rasos ou medianamente
profundos com fertilidade natural
variavel.

*Terrenos com maior ocorréncia de
Planossolos que apresentam
limitagdes fisicas e quimicas.
*Grandes propriedades de terra e
assentamentos de reforma agraria
nas areas planas.

*Nas areas aluvionares estendem-se
pequenas propriedades.
*Predominio da pecuadria extensiva.

Burte (2019)



Ecological Complexity 7 (2010) 260-272

Contents lists available at ScienceDirect

Ecological Complexity

journal homepage: www.elsevier.com/locate/ecocom

ELSEVIER

Challenges in integrating the concept of ecosystem services and values in
landscape planning, management and decision making

R.S. de Groot®*, R. Alkemade®, L. Braat®, L. Hein?, L. Willemen*4

2 Environmental Systems Analysis Group, Wageningen University, The Netherlands
b Narional Environmental Assessment Agency (PBL), Bilthoven, The Netherlands

© Alterra, Wageningen University & Research Centre, The Netherlands

9 Land Dynamics Group, Wageningen University, The Netherlands

ARTICLE INFO ABSTRACT

Article history: Despite the growing body of literature on ecosystem services, still many challenges remain to
Received 20 April 2009 structurally integrate ecosystem services in landscape planning, management and design. This paper
Received in revised form 24 August 2009 therefore aims to provide an overview of the challenges involved in applying ecosystem service
Accepted 19 Getoher 2008 assessment and valuation to environmental management and discuss some solutions to come to a
Available online 20 November 2009 . .
comprehensive and practical framework.

First the issue of defining and classifying ecosystem services is discussed followed by approaches to
iiﬁ‘;ﬁ; services quantify and value ecosystem services. The main part of the paper is focussed on the question how to
Valuation analyze trade-offs invelved in land cover and land use change, including spatial analysis and dynamic
Modelling modelling tools. Issues of scale are addressed, as well as the question how to determine the total
Landscape planning economic value of different management states.

Finally, developments and challenges regarding the inclusion of ecosystem services in integrative
landscape planning and decision-making tools are discussed.

It is concluded that the ecosystem service approach and ecosystem service valuation efforts have
changed the terms of discussion on nature conservation, natural resource management, and other areas
of public policy. It is now widely recognized that nature conservation and conservation management
strategies do not necessarily pose a trade-off between the “environment” and “development”.
Investments in conservation, restoration and sustainable ecosystem use are increasingly seen as a “win-
win situation” which generates substantial ecological, social and economic benefits.

@ 2009 Elsevier B.V. All rights reserved.

R.S. de Groot et al. /Ecological Complexity 7 (2010) 260-272
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Fig. 3. Transition phases between natural and human-dominated (eco)systems.Source: CBD (2004) and MNP (2006 ).




CONCEPTS

Putting people in the map: anthropogenic
biomes of the world

Etle C Ellis’* and Navin Ramankutty®

Humans have fundamentally altered global patterns of biodiversity and ecosystem processes. Surprising|
existing systems for representing these global patterns, including biome classifications, either ignd
humans altogether or simplify human influence into, at most, four categories. Here, we present the fi
characterization of terrestrial biomes based on global patterns of sustained, direct human interaction wi

ecosystems. Eighteen “anthropogenic biomes” were identified through empirical analysis of global popu
tion, land use, and land cover. More than 75% of Earth’s ice-free land showed evidence of alteration ag
result of human residence and land use, with less than a quarter remaining as wildlands, supporting j

% o . . . pgenic bi , .
ing human influence on global ecosystems and moving us toward models and investigations of the terr
trial biosphere that integrate human and ecological systems.

dl NET Priiia Q] ANLNTO QINes Ofre NeW Wa Orward Dy ACKNOWICC

Front Ecol Environ 2008; 6(8): 439-447, doi: 10.1890/070062

Anthropogenic biomes: legend

Dense settlements Rangelands 100% .
B 11 Urban [0 41 Residential rangelands
B 12 Dense settlements | 42 Populated rangelands
43 Remote rangelands
Villages Forested
Il 21 Rice villages I 51 Populated forests
I 22 Imrigated villages [ 52 Remote forests —
[ 23 Cropped and pastoral villages 50% -
I 24 Pastoral villages Wildlands [T
I 25 Rainfed villages 61 Wild forests
B 26 Rainfed mosaic villages 62 Sparse trees =
63 Barren J |
Croplands
B 31 Residential irrigated cropland —
[ 32 Residential rainfed mosaic =
33 Populated irigated cropland 0%d = : _—
34 Populated rainfed cropland /™\/ Region boundary ® World NAmerics, Eucpe,  Ass,  FEussia Near Latin America, Africa
35 Remote croplands Austr, NZ developed Oceania developing  East  Carbbean

Figure 1. Anthropogenic biomes: world map and regional areas

. Biomes are organized into groups (Table 1), and sorted in order of

population density. Map scale = 1:160000 000, Plate Carrée projection (geographic), 5 arc minute resolution (5’ = 0.0833°).
Regional biome areas are detailed in WebTable 3; WebPanel 2 provides interactive versions of this map.
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HYDROLOGICAL PROCESSES T

Hydrol. Process. 26, 1270-1276 (2012)
Published online 24 January 2012 in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/hyp.8426

I E O R I A E IVI B l ' S‘ A Socio-hydrology: A new science of people and water
Journal of Hydrology 375 (2009) 627-643
K Depariment of Ciil and THE COUPLED HUMAN-WATER SYSTEM
journal hemepage: www.elsevier.com/locate/jhydrol Enviranmental Engineering, Dateline November 2010, Murrumbidgee River Basin, Australia: Irrigators
_ Department of Geography, University are up in arms over proposed government plans to cut their water
‘L’F’:g‘i’ﬂ""i"é‘:',’?;g‘;”‘f’_;ﬂ"””F‘"""" allocations and return flows back to the basin’s rivers to support the
Review environment and restore lost biodiversity. The Australian of November 04,

* Depariment of Civil and

Contents lists available at ScienceDirect Murugesu Sivapalan, 1.2 Humans have changed the way the world works. Now they have to change

Hubert H. G. Savcnue and the way they think about it, toe. The Economist, May 26, 2011

Journal of Hydrology Gunter Bloschl'

. . . . . Environmental Engineering, University 2010 reported on the community bmklash, including the resort to *book
Hydro-economic models: Concepts, design, applications, and future prospect: of Technology Sydney, Broadway, NSW |  burning’ to highlight their plight. C y and *book burning’
2007, Australia ithctonding th Mitv io thot shi Sict hod boce becwina
. . . . , " §
Julien J. Harou®*, Manuel Pulido-Velazquez®, David E. Rosenberg€, Josué Medellin-Azuara 9, Deparment of Water Manag Hydromorpholo
d p: e Faculty of Civil Engineering 4 y p! ay
~ Jay R. Lund€, Richard E. Howitt Geaselences, Delfe University | L ansce s A
[ ] 2 Envi Institute and of Civil, and Geomatic Engis University Coliege London, Pearson Building, Gowwer Street, London, UK Technology, Delfi, The Nether]l [0 M Y089, T MOASEE i " Hydromorphology is that subficld of hydrolagy that deals with the
H 3 y Profiessor, Depl, of Civil and Environmental Engincering, Tofts Univ., y rphology ydrology
"Depammmm de Ingenieria H!dmuhm ¥ Mrdm Ambvenre Universidad Politécnica de Valencia, Cami de Vera, s/n. 46022, Valencia, Spain Institute for Hydrawlic and W Modiod. MA 62155, E-mail: richard vogel @rufis.cda structure and evolution of Earth's water resources, It deals with the.
of Civil and Utah Water Research Laboratory, Utah State University, UT, USA Resources Engineering. Viennd pow 1o 1061/0asCE R 1945-54520000122 origins and dynamic morphology of those water resources, Analo
a AT o | 2 10. -5452. 22 gous o geomorphology, which deals with the dynamic morphology
<Deparnentof ol xvionetal Exinesin ey ofCatfri,Davi A USH Universy of Techuology, Vied
s . epartment of Agricultural and Resource Economics, University of California, Davis, €A, Austria phology of water resource systems caused by hoth naral and
R anihwapogenic influcnces.
ecursos Aiaricos
Hydromorphology: Interdisciplinary Field of Scierce

Analogous o the fcld of geomorphol

@ sibticld of 5e0kE)  and Enginering
f the surface of the

ARTICLE INFO SUMMARY

that deals with the structure an
@ S h e koo olgy (3 bl oigs), T dytamic ooy of g s < b ewed
in much the same way one views the dy

JOURNAL OF ECOHYDRAULICS, 2016
htp://dx.doi.org/10.1080/24705357.2016.1251296 deals with the structure, evolution, and dynastic morpho
hydrol es. an of fuvial sysem. Fuvial

I\I e ﬁ yate e ime (e.g.. years, decades, and <l . N —
he o for this new sublckd of hydrology siems from the cnor. 11 anthtopogenic inflen drologie sysems. Beca
¢ X u S o i enges s s esiing om  frnng Tl e e companent o Tyl sy, by
INTERNATIONAL HYDROLOGICAL PROGRAMME < = ) s g m\m:m rx\ﬂul:ilwl\l «‘vlmmi« u‘um u!u uwruw\\; human imgacts ::wk hl}u:;::::;l’:»lﬂ”:lm“nlli:]: # wn:p];ﬁ:ti =~ acly.
Two decades of ecohydraulics: trends of an emerging interdiscipline [ i i o v v e - u

y
ing our understanding of the impact of anthropog

4 10 numerous

impact water e, Is . the hydnosphere, hydromorphology s closcly o
. . . il seie ing eog . " nd
2 £1. Z 2 i i a temporal scales, Human influences tend to interact and est social seiences including geography, urban planning, and environ-
L4 I h I r I I Roser Casas-Mulet o, Elise King (3%, Doris Hoogeveen®, Long Duong®, Garima Lakhanpal (37, hemacives 1 Compl ways, 5o mat i aow a0 fnd & ormics, as well as 1o all common scicntific disciplines
Timothy Baldwin (5°, Michael J. Stewardson (5° and J. Angus Webb (3 watershed subject only t natural or unimpacted hydrologic condi entral to lndmh».y
tions. Nearly every hydrologic method upon which our profession
b fohe adacied P - Field Looking for Home

“Environmental Hydrology and Water Resources, Department of

Australia; "Department of Computing and Information Systems, The University of Melboume. Melboume, HYDROLOGICAL PROCESSES

. . Hydrol. Process. 26, 3%75-3885 (2012)

] H d Ecohydrology Published online 7 February 2012 in Wiley Online Library
I ro l I I 0 r O O g I a (wileyonlinelibrary.com) DOI: 10.1002hyp 8433

ABSTRACT

A New Paradigm for the Sustainable Use We assessed how the emerging field of ecohydraulics research has changed overtwo decades
of Aquatic Resources f‘?ﬂ’;::lﬁn‘::agemxﬁ:n;f&f;ﬁm usage, this paper provldes a deep am;{su:'r Uncertalnty assessment of hydrologlc and climate forecast

. .

[ ] E C O h I d ro I Og I a longitudinal dataset and enables us to test more detailed questions than previous snapshots of ti mﬂdels in Northeastern Bl'azll
WATER RESOURCES RESEARCH, VOL. 43, W05407, doi:10.1029/2006WR005258, 2007

Hyun-Han Kwon,‘* Francisco de Assis de Souza Filho,2 Paul B]ockf Ligiang Sun,“

. , . Edited by Upmanu Lall® and Dirceu S. Reis Jr°
Y E C O h I d r a u | I C a M.Zalewski, G.A.Janauer, G.Jj ! Department of Civil Engingering. Chonbuk National Universiry 664-14 1(Ga Deokjin-Don, Jeonju-City, , Jeonbuk, 561-756, South Korea
. . . . ;4 . Department of Hydraulics and anwmnmmzlu! Federal University of Ceard, Brazil
Stochastic simulation model for nonstationary time series * Deparment of Ciil, Archiecuural,and Envirommental Engineering, Drexel Universiy

International Research Institute for Climate and Society, Columbia Universiry

using an autoregressive wavelet decomposition: 5 Department of Earth and Environmental Engineering, Columbia University
o . . © Depariment of Civil and Environmenial Engineering, University of Brasilia
Applications to rainfall and temperature

¢ Re Cursos H Ild rl cos e Cl I ma Hyun-Han Km;n! Upmanu Lall,' and Abedalrazq F. Khalil'

Received 19 June 2006; revised 2 February 2007; accepted 15 February 2007; published 2 May 2007, Abstract:

M M (1] A time series simulation scheme based on wavelet decomposition coupled to an Seasonal streamflow forecasts based on climate information can guide water managers toward superior reservoir operations, leading o

L a O s e l I l I ro O I a autoregressive model is presented for hydroclimatic series that exhibit band-limited low- improved water resources management effciency. Uncertainty, however, is always present i seasonal streamiflow forecasts affecting the
frequency variability. Many nonlinear dynamical sy generate time series that appear forecast value. Thus, a forecast should not b adescription of i inty, which is critical for climate risk

Titud ol and water resources “This study investigates the inties of a seasonal streamflow forecast system for Northeastern

to have and frequency- ed oscillations that may correspond to the

et RS L o e G A - . Brazil based on climate precipitation forecasts and hydrologic modeling. These two sources of uncertainty are treated independently and
recurrence of different solution regimes. The use of wavelet decomposition followed by an then compared in order to guide future investments in the forecast system. Sea surface temperature is considered to be the primary source
. 7 L autoregressive model of each leading component is explored as a model for such time of uncertainty for the seasonal precipitation forecasts, based upon a 10-member climate model ensemble. Parameter uncertainty is
[ ] I n C e rte Z a O S m O e O S I ro O g I CO S series. The first example considered is the Lorenz-84 low-order model of extratropical Z‘D"Sidlﬁﬁﬁ::‘ﬂl’ﬁ*“\;;l'lyﬁﬂur‘ﬁf’lf"nci’-"ﬂi"lif?'lw';ydmhﬁir Lﬂﬂdeclh Eﬂi;'[ﬂ(i"" E"I;arﬂ"}:mmlcmiﬂz i;ﬁ“fﬂmdhé the :hufﬂed
s c e 2 33 . o RGN Ao - PR omplex Evolution Metropolis algorithm, which employs a Markov Chain Monte Carlo scheme to provide the posterior distri
circulation, which has been used to illustrate how chaos and intransitivity (multiple stable the parameters and form uncertainty bounds on streamflow forecasts. Results indicate that uncertainties associated with the
solutions) can lead to low-frequency variability. The central England temperature (CET) forecast are much larger than those from parameter estimation model. Although model has not b idered
time series, the NINO3.4 series that is a surrogate for EI Nino—Southern Oscillation, and in the evaluation of hydrologic uncertainiies, this study indicates that future fforts to address the predominant source of uncertinty should
° ~ H H . H seasonal rainfall tmm Everglades Nmundl I'drk Hurulm are thn muduh.d with lhls focus on the climate prediction models. Copyright © 2011 John Wiley & Sons. L.
3o Estacionariedade: e Clima | e e e i
g d autoregressive (AR) time series model in terms ol rxpmduuns llu time-frequency
properties of the observed rainfall, while preserving the statistics usually reproduced by [received 26 July 2010; Accepted 10 November 2011
SCOMWS2 the AR models.

climate foreca

; hydrologic model; uncertainty
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GESTAO INTEGRADA DOS RECURSOS HIDRICOS

* O Proposito da gestao dos recursos
hidricos é ||[c)>.rover agua de forma agua
para o ambiente natural e humano.

* IWRM balanceia as visGes e objetivos dos
grupos politicos afetados, regioes
geograficas, propositos da gestéo de
aguas, e protecao do suprimento para os
sistemas naturais e ecossistemas

* Integracao
 Componentes do ciclo hidrolégico

« Agua com Ambientes Ecoldgico e
Intersetorial

* Desenvolvimento social e econdmico
Niel Grig, 1996

GESTAO INTEGRADA (de que ?)

Integracao dos Componenetes do Ciclo
Hidrologico (aérea, superficial, subsuperficial,
subterraneo)

Integracao dos Aspectos quantitativos e
qualitativos dos recursos hidricos

Integracdo das esferas de poder publico
(municipal, estadual e federal)
Integracao das Politicas Publicas (Recursos

Hidricos, Ambiental, Saneamento, Energia...)
Integracao das esferas econdmicas do setor
publico e privado

Integracao das componentes do
desenvolvimento (social, econbmico e protecao
ao meio ambiente)



Gestao Integrada dos Recursos Hidricos (IWRM)

* Processo no qual promove-se a coordenacao do desenvolvimento e gestao
dos recursos hidricos, terra e recursos relacionados de forma a maximizar os
resultados econdmicos e bem estar social de forma equilibrada sem
comprometer a vida dos ecossistemas

* Conceito vago

* Nao é possivel integrar diversos topicos e gestao em um proposito especifico
de forma simultanea

* Falta de exemplos de sucesso de IWRM
» Enfase no processo sem clara definicdo de objetivos mensuraveis
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Review
Hydro-economic models: Concepts, design, applications, and future prospects
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Jay R. Lund 9, Richard E. Howitt ®
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ARTICLE INFO SUMMARY

Article history:

Received 21 October 2008

Received in revised form 13 May 2009
Accepted 19 June 2009

Future water management will shift from building new water supply systems to better operating existing
ones. The variation of water values in time and space will increasingly motivate efforts to address water
scarcity and reduce water conflicts, Hydro-economic models represent spatially distributed water
resource systems, infrastructure, management options and economic values in an integrated manner.
In these tools water allocations and management are either driven by the economic value of water or eco-
nomically evaluated to provide policy insights and reveal opportunities for better management. A central
concept is that water demands are not fixed requirements but rather functions where quantities of water
use at different times have varying total and marginal economic values, This paper reviews techniques to
characterize the economic value of water use and include such values in mathematical models. We iden-
tify the key steps in model design and diverse problems, formulations, levels of integration, spatial and
temporal scales, and solution techniques addressed and used by over 80 hydro-economic modeling
efforts dating back 45-years from 23 countries. We list current limitations of the approach, suggest direc-
tions for future work, and recommend ways to improve policy relevance.

© 2009 Elsevier B.V. All rights reserved.

This manuscript was handled by G. Syme,
Editor-in-Chief, with the assistance of Frank
Ward, Associate Editor

Keywords:

Hydro-economic models

Integrated water resource management
(TWRM)

Systems analysis

Water value

Water demand

Table 1

some design choices, options, and implications for building a hydroeconomic model,

Options Summary Advantages Limitations
Simulationfoptimization
Simulation Time-marching, rule-based algorithms; Answers question: ~ Conceptually simple; existing simulation Model only investigates simulated

“what if?”

Oprimization Maximizes/mini

answers question: “what is best?"

Representing time
Deterministic

time series  historical or synthetically generated

Stochastic and

zes an objective subject to o

models can be used, reproduces complexity
and rules of real systems

Optimal can recommend system

Model inputs and decision variables are time series,

Probability distributions of model parameters or inputs;

multi-stage  use of multiple input sequences (‘Monte-Carlo” when
stochastic equiprobable sequences, or ‘ensemble approach’ if
weighted
Dynamic Inter-temporal substitution represented
oprimization
Submodel integration
Modular Components of final model developed and run separately
Holistic All components housed in a single model

improvements; reveals what areas of
decision space promising for detailed
simulation

Concepiually simple: easy to compare with
time series of historical data or simulated
results

Accounts for stochasticity inherent in real
systems

Considers the time varying aspect of value;
helps address sustainability issues

Easier te develop, calibrate and solve
individual models

Easier to represent causal relationships and
interdependencies and perform scenario
analyses

scenarios, requires trial and error to search
for the best solution over wide feasibility
region

Economic objectives require economic
valuation of water uses: ideal solutions
often assume perfect knowledge, central
planning or complete institutional flexibility

Inputs may not represent future conditions;
limited representation of hydrologic
uncertainty (system performance obtained
Jjust for a single sequence of events)
Probability distributions must be estimated,
synthetic time series generated:
presentation of results more difficult;
difficulties reproducing persistence (Hurst
phenomenon) and non-stationarity of time
series

Requires optimal control or dynamic
programming

Each model must be updated and run
separately; difficult to connect models with
different scales

Must solve all models at once; increased
complexity of holistic model requires
simpler model components

* If optimized time-horizon is a single time period, the model can be considered a simulation model that uses an eptimization computational engine,

Optimization of California’s Water Supply System:

Results a

nd Insights

Marion W. Jenkins'; Jay R. Lund?; Richard E. Howitt®; Andrew J. Draper?; Siwa M. Msangi®;
Stacy K. Tanaka®; Randall S. Ritzema’; and Guilherme F. Marques®

Surface and ground . Economic benefits
water hydrology o
Physiga_] facilities & > CALVIN > Conjunqive use &.
capacities Economic <cooperative operations
Optimization
Environmental flow Model: Willingness-to-pay for
constraints " "| water and reliability
# Database | HEC- >
Urban values of o of input | PRM _ | Water operations &
water v and meta | Solution 7| delivery reliabilities
data Model
Agricultural values _ | Value of flexible
of water o "| operations
Operating costs N | Values of increased
i 7| facility capacities

Fig. 3. Data flow for CALVIN

JOURNAL OF WATER RESOURCES PLANNING AND MANAGEMENT © ASCE / JULY/AUGUST 2004 / 273



SOCIOHIDROLOGIA

HYDROLOGICAL PROCESSES
Hydrol. Process. 26, 1270-1276 (2012)

F’n‘!o COMMENTARY | Im@

Published online 24 January 2012 in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/hyp.8426
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Humans have changed the way the world works. Now they have to change
the way they think about it, too. The Economist, May 26, 2011

THE COUPLED HUMAN-WATER SYSTEM

Dateline N ber 2010, Murr River Basin, Australia: Irrigators
are up in arms over proposed government plans to cut their water
allocations and return flows back to the basin’s rivers to support the
environment and restore lost biodiversity. The Australian of November (M4,
2010 reported on the community backlash, including the resort to *book
burning” to highlight their plight. Community backlash and ‘book burning”
notwithstanding, the reality is that this conflict had been brewing for
decades. Now, wind back the clock 100 years to the early 20" century. Up
until 1900, there were virtually no dams and almost no irrigation on the
Murrumbidgee. With demand for food for a growing population and the
possibility of generating agricultural exports, irrigated farming expanded
along the river corridor from 1920 onwards. By 1940, abstractions during
low flows had increased to 509% of the natural flow and by 1950 to almost
100% (Roderick, 2011). Over this period, the predominant direction of
farming development, construction of water ‘assets’ (e.g. dams and weirs) as
well as water extractions was upstream. However, things came to a head in
the 1980s, with increasing deterioration of river health and the recognition
that previous farming practices were no longer sustainable. Protection of the
environment was on the political agenda, along with a commitment not only
to return water to rivers to nurse them back to health, but also to help
agricultural industries to rise up to the challenge of a drier future. After
30 years of seemingly ongoing crisis conditions, a protracied drought and a
looming federal election precipitated government action in early 2007. The
result was a concerted plan by government to buy back water rights of
willing farmers and build new assets aimed at increasing water use efficiency
and protecting the environment [Murray-Darling Basin Authority (MDBA),
2010]). For example, there has been an increasing trend for upstream rice
growers to sell back their annual allocations, and for downstream
horticulturalists to purchase fresh allocations during low allocation seasons.
This meant that, from 2000 onwards, water abstractions as well as water
assets that had been migrating upstream in the early 20" century are now
beginning to move back downstream (Figure 1). Whereas the sole customer

Hydrologists are not exceptions to this. In
traditional hydrology, human-induced water resources
management activities are prescribed as external
forcings in the water cycle dynamics, under the
assumption of stationarity (Milly er al., 2008; Peel
and Bloschl, 2011). In socio-hydrology, humans and
their actions are considered part and parcel of water
cycle dynamics, and the aim is to predict the dynamics
of both.

Net virtual water import
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Figure 3. National virtual water balances and net virtual water flows related to trade in wheat products in the period 1996-2005. Only the
largest net flows (>2GmYyear) are shown (taken from Mekonnen and Hoekstra, 2010)

“Future trajectories of co=evolution of coupled human-water, systems”
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AbO rdagens SOCiOhid rOIégicaS: Socio-hydrology: A new science of people and water

* Sociohidrologia Historica Conceitos da Sociohidrologia:

e Sociohidrologia Comparativa

e Coevolucao do sistema humano-hidrolégico

* Processos SOC|Oh|drOIOgICO * Humanos e suas a¢oes sdo considerados parte

e parcela da dinamica do ciclo da agua, o
objetivo é prever a dinamica de ambos.

* Quantitativa

Socio-hydrology: Use-inspired water sustainability science

v mvpocene o) Evohiton ?) Gosveluton * Predizer trajetorias futuras dos sistema
s | e ) humano-hidroldgico
W o B Lei das relagdes de fluxos-gradientes na
“ 1/ ™ natureza e sociedade
> - * Co-evolugao e retroalimentagao em multiplas
(cemunels, millenia) (cemunte";?\ﬂl"en'a) e S Ca | a S

Figure 2. Schematic of (a) evolution, i.e,, the interactions of slow and fast processes, and (b) coevolution, the interaction of a number of
slow processes in addition to fast processes. (a) Redrawn from Perdigao and Bléschl [2014].

* Relevancia e utilizada dos conceitos de
otimalidade e funcao objetivo




SOCIOHIDROLOGIA E

ECOHIDROLOGIA

Existe uma similaridade consideravel entre a
nova ciéncia proposta da sociohidrologia e o
campo agora estabelecido da ecohidrologia.

A eco-hidrologia explora a co-evolucao e
auto-organizacdo da vegetacdo na paisagem
em relacao a disponibilidade de agua
(Eagleson, 1982, 2002; Rodriguez-lturbe,
2000; Berry et al., 2005).

A sociohidrologia, por outro lado, explora a
co-evolugdo e auto-organizacdo das pessoas
na paisagem, também com relacdo a
disponibilidade de agua.

Acreditamos que a sociohidrologia deve
aprender muito com o sucesso da eco-
hidrologia, que adicionou nova vida a
hidrologia através da introducao dos
conceitos de co-evolucao e otimizacao que
antes eram estranhos a hidrologia.
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E C O HIDR O LO G | A * Ao longo dos anos 90, foi cada vez B e e rtoson Gt o0
mais reconhecido que o sistema de

Ecotonal habitat degraded

agua ¢é parte integrante do s g GHOPET So8on  sun ot e
ecossistema. riig
= ;
JITHIN * Isso levou a ecohidrologia como -
INTERNATIONAL HYDROLOGICAL PROGRAMME um novo campo da ciencia € ao s e o a2
entendimento de que o sistema de

Organic matter supply from tropical forest ecotone

recursos hidricos é resultado da co- - LA A
evolucdo da paisagem, da
hidrologia, da ecologia e da

Enhancement of peimary producton
and zooplankton

2
High biomass of zooplanktivorous fish

Ecohydrology

sociedade.
A New Paradigm for the Sustainable Use l e
of Aquatic Resources
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Plants in water-controlled ecosystems: active role in hydrologic
processes and response to water stress
I. Scope and general outline
L. Rodriguez-Iturbe *, A. Porporato *°, F. Laio °, L. Ridolfi

& Princeion Environmenial Institute and Graduare Program in Envivonmenial Engineering and Warer Resources. Princeton University, Princeton,
NJ 08544, USA
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Abstract

This series of four papers studies the complex dynamics of water-controlled ecosystems from the hydro-ecological point of view
[e.e., I. Rodriguez-Tturbe, Water Resour. Res. 36 (1) (2000) 3-9]. After this general outline, the role of climate, soil, and vegetation is
modeled in Part II [F. Laio, A. Porporato, L. Ridolfi, I. Rodriguez-Tturbe, Adv. Water Res. 24 (7) (2001) 707-723] to investigate the
probabilistic structure of soil moisture dynamics and the water balance. Particular attention is given to the impact of timing and
amount of rainfall, plant physiology, and soil properties. From the statistical characterization of the crossing properties of arbitrary
levels of soil moisture, Part 11T develops an expression for vegetation water stress [A. Porporato, F. Laio, L. Ridolfi, I. Rodriguez-
Iturbe, Adv. Water Res. 24 (7) (2001) 725 744]. This measure of stress is then employed to quantify the response of plants to soil
moisture deficit as well as to infer plant suitability to given environmental conditions and understand some of the reasons for
possible coexistence of different species. Detailed applications of these concepts are developed in Part IV [F. Laio, A. Porporato,
C.P. Fernandez-1llescas, 1. Rodriguez-lturbe, Adv, Water Res. 24 (7) (2001) 745-762], where we investigate the dynamics of three
different water-controlled ecosystems. © 2001 Elsevier Science Ltd. All rights reserved.

Keywords: Soil moisture; Vegetation; Ecohydrology; Stochastic processes; Hydrology;, Water stress; Water balance; Savannas;
Grasslands; Crossing analysis
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Fig. 1. Schematic representation of the climate, soil, and vegetation system. Solid arrows refer to the main dynamic links, dotted lines to secondary

interactions not directly considered here.
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Scientific Procedures Applied to the Planning, Design and Management of Water
Resouwrces Systems (Proceedings of the Hamburg Symposium, August 1983).
IAHS Publ, no. 147,

Hydrological uncertainty in water management
context

v
V. KLEMES

National Hydrology Research Institute,
Departiment of the Environment, Ottawa, Ontario,
Canada KIA OE7

ABSTRACT The study of hydrological uncertainties, and
eventually the development of the discipline referred to
as stochastic hydrology, has been stimulated by water
management's need to make decisions involving stochastic
hydrological variables. It is pointed out that, in spite
of this initial stimulus, stochastic hydrology is a
discipline essentially independent of water management,
and that a hydrological uncertainty need not necessarily
be important for a water management decision and may carry
a different degree of importance in different contexts.
Examples of the lack of sensitivity of various water
management problems to various aspects of stochastic
hydrological models are shown and the suggestion is made
that, for many if not most water management decisions
involving stochastic hydreological variables, rough esti-
mates of their two or three lowest-order statistical
moments provide all the information of any consequence.
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WATER RESOURCES RESEARCH, VOL. 39, NO. 8, 1214, doi:10.1029/2002WR001746, 2003

Effective and efficient algorithm for multiobjective optimization of
hydrologic models

Jasper A. Vrugt,' Hoshin V. Gupta,” Luis A. Bastidas,” Willem Bouten,'
and Soroosh Sorooshian”

Received 2 October 2002; accepted 7 April 2003; published 20 August 2003,

[1] Practical experience with the calibration of hydrologic models suggests that any
single-objective function, no matter how carefully chosen, is ofien inadequate to properly
measure all of the characteristics of the observed data deemed to be important. One
strategy to circumvent this problem is to define several optimization criteria (objective
functions) that measure different (complementary) aspects of the system behavior and to
use multicriteria optimization to identify the set of nondominated, efficient, or Pareto
optimal solutions. In this paper, we present an efficient and effective Markov Chain Monte
Carlo sampler, entitled the Multiobjective Shuffled Complex Evolution Metropolis
(MOSCEM) algorithm, which is capable of solving the multiobjective optimization
problem for hydrologic models. MOSCEM is an improvement over the Shuffled Complex
Evolution Metropolis (SCEM-UA) global optimization algorithm, using the concept of
Pareto dominance (rather than direct single-objective function evaluation) to evolve the
initial population of points toward a set of solutions stemming from a stable distribution
(Pareto set). The efficacy of the MOSCEM-UA algorithm is compared with the original
MOCOM-UA algorithm for three hydrologic modeling case studies of increasing
comple,-xily. INDEX TERMS: 1869 Hydrology: Stochastic processes; 1836 Hydrology: Hydrologic
budget (1655); 1894 Hydrology: Instruments and techniques; KEYWORDS: parameter optimization, Markov
chain Monte Carlo, multicriteria calibration, population diversity, Pareto ranking, hydrologic models

Citation: Vrugt, I. A, H. V. Gupta, L. A. Bastidas, W. Bouten, and S. Sorooshian, Effective and efficient algorithm for
multiobjective optimization of hydrologic models, Water Resour. Res., 39(8), 1214, doi:10.1029/2002WR001746, 2003,

c* and S* in from MOSCEM

Select L and set t=1.

o| Compute the covariance £, of c¥ and
let 0V be the current draw in sequence gk

'

| Randomly draw uniform label Z between 0 and 1. |
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Yes
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Figure 4. Flowchart of the Sequence Evolution Metropolis (SEM) algorithm employed in the
MOSCEM-UA algorithm.
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Uncertainty assessment of hydrologic and climate forecast
models in Northeastern Brazil
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Abstract:

Seasonal streamflow forecasts based on climate information can guide water managers toward superior reservoir operations, leading to
improved water resources management efficiency. Uncertainty, however, is always present in seasonal streamflow forecasts, affecting the
forecast value. Thus, a forecast should not be considered complete without a description of its uncertainty, which is critical for climate risk
and water resources management. This study investigates the uncertainties of a seasonal streamflow forecast system for Northeastern
Brazil based on climate precipitation forecasts and hydrologic modeling. These two sources of uncertainty are treated independently and
then compared in order to guide future investments in the forecast system. Sea surface temperature is considered to be the primary source
of uncertainty for the seasonal precipitation forecasts, based upon a 10-member climate model ensemble. Parameter uncertainty is
considered to be the only source of uncertainty for the hydrologic model. Estimation of parameter uncertainty is estimated by the Shuffled
Complex Evolution Metropolis algorithm, which employs a Markov Chain Monte Carlo scheme to provide the posterior distribution of
the parameters and form uncertainty bounds on streamflow forecasts. Results indicate that uncertainties associated with the climate
forecast are much larger than those from parameter estimation in the hydrologic model. Although model structure has not been considered
in the evaluation of hydrologic uncertainties, this study indicates that future efforts to address the predominant source of uncertainty should
focus on the climate prediction models. Copyright © 2011 John Wiley & Sons, Lid.

KEY WoRrDS  streamflow forecast; climate forecast; hydrologic model; uncertainty
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Figure 1. A flowchart of the general procedure used to investigate the uncertainty induced by climate and hydrologic model
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A STREAMFLOW FORECASTING FRAMEWORK USING
MULTIPLE CLIMATE AND HYDROLOGICAL MODELS!

General Circulation Model(s)
.;-""'-F#-P-\-H-\""-\-\.\_

Paul .J. Block, Francisco Assis Souza Filho, Ligiang Sun, and Hyun-Han Kwon® d_d____.- —

‘_. -'-..
Dynamical Downscaling Statistical Downscaling

ABSTRACT: Water resources planning and management efficacy is subject to capturing inherent uncertainties

stemming from climatic and hydrological inputs and models. Streamflow forecasts, eritical in reservoir operation

and water allocation decision making, fundamentally contain uncertainties arising from assumed initial condi- Bias Correction

tions, model structure, and modeled processes. Accounting for these propagating uncertainties remains a formi-

dable challenge. Recent enhancements in climate forecasting skill and hydrological modeling serve as an

impetus for further pursuing models and model combinations capable of delivering improved streamflow fore-

casts. However, little consideration has been given to methodologies that include coupling both multiple climate : :

and multiple hydrological models, increasing the pool of streamflow forecast ensemble members and accounting H].I'dI'CI-|DQIEE|| Models H"_."dl'D|ﬂgICEl| Models
for cumulative sources of uncertainty, The framework presented here proposes integration and offline coupling H e

of global climate models (GCMs), multiple regional climate models, and numerous water balance models to o __.-""-

improve streamflow forecasting through generation of ensemble forecasts. For demonstration purposes, the o, -~

framework is imposed on the Jaguaribe basin in northeastern Brazil for a hindecast of 1974-1996 monthly S e
streamflow. The ECHAM 4.5 and the NCEP/MRF9 GCMs and regional models, including dynamical and statis- L &
tical models, are integrated with the ABCD and Soil Moisture Accounting Procedure water balance models. Pre- Multi-model Combinations
cipitation hindcasts from the GCMs are downscaled via the regional models and fed into the water balance

models, producing streamflow hindeasts. Multi-model ensemble combination techniques include pooling, linear

regression weighting, and a kernel density estimator to evaluate streamflow hindeasts; the latter technique

exhibits superior skill compared with any single coupled model ensemble hindcast. Streamflow Forecast

(KEY TERMS: surface water hydrology; precipitation; computational methods; streamflow; forecast; uncertainty;
multi-model; ensemble; Brazil.)

Block, Paul J., Francisco Assis Souza Filho, Ligiang Sun, and Hyun-Han Kwon, 2009. A Streamflow Forecasting
Framework Using Multiple Climate and Hydrological Models. Journal of the American Water Resources Associa- FIGURE 2. Pra pﬂsﬂd Framework for Streamilow ]:l"-DrVEi'_".El_EiLi.]"lﬁ_
tion (JAWRA) 45(4):828-843. DOI: 10.1111/.1752-1688.2009.00327.x
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NECESSIDADE DE SINTESE

 Até a década de 1970, o campo da gestdao da agua era
conhecido pelo termo “desenvolvimento de recursos
hidricos”.

 Na década de 1980, tornou-se mais popular se referir a
"gestao de recursos hidricos" (WRM)

* Na década de 1990 a "gestao integrada de recursos hidricos"
(GIRH).

“Testemunhamos um processo de co-evolucao entre o sistema
natural e a sociedade, pelo qual os limites do sistema de apoio
ambiental forcam as sociedades a tomar acgdes, sejam elas
defensivas, evasivas, ofensivas, corretivas ou acomodativas.”

(H. H. G. Savenije et al.: Evolving water science in the Anthropocene;
Hydrol. Earth Syst. Sci., 18, 319—-332, 2014)

1970:
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* Na pratica de gestao da agua, a énfase foi
cada vez mais colocada nas interacdes entre
planejadores, decisores e partes interessadas,
de acordo com a percepcao da GIRH como um
processo (GWP, 2000). Como resultado, a
comunicacao sobre a agua se tornou mais
importante do que entender como o sistema

e Coordenacao
de Atores

funciona. ccohidrologt
. . . , , e Ecohidrologia
* Na comunidade cientifica de hidrologia, por Sl . Sociohidrologia
outro lado, os pesquisadores aprimoraram el ,
ﬁ(adualmente 0 escopo de suas analises, da * Clima e RH
idrologia a eco-hidrologia e a socio-
hidrologia, em um esforco para entender
melhor o metabolismo do sistema complexo e S © Hidrosocial
a dinamica da co-evolugao e deCiencias  JONCT T
desenvolvimento. SOCIS adaptativa

* Tendéncia semelhante pode ser discernida
nas ciéncias sociais, onde alguns estudiosos
tém analisado a dinamica “hidro-social” (por
exemplo, Swyngedouw, 2009; Norgaard et al.,
2009; ; Linton, 2008)
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O sistema de recursos hidricos é altamente
complexo.

Possui varias escalas e multiplos feedbacks com
uma variedade de processos fisicos, biologicos e
sociais.

O cenario e multi-setorial, multi-ator e
interdisciplinar.

A busca pelo gerenciamento desse sistema de
maneira sustentavel requer compreensao
sistematica dos processos do sistema,
reconhecimento das interdependéncias e novas
abordagens para lidar com essa complexidade
nas escalas global e local.

Aléem disso, requer sistemas de governanca
apropriados para gerenciar esse sistema
complexo.

Hydrol. Earth Syst. Sci., 18, 319-332, 2014
www.hydrol-earth-syst-sci.net/18/319/2014/
doi:10.5194/hess-18-319-2014

© Author(s) 2014. CC Attribution 3.0 License. X

Evolving water science in the Anthropocene

H. H. G. Savenije', A. Y. Hoekstra?, and P. van der Zaag'?
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ESTRUTURA DO PROBLEMA DA AGUA: DIAGRAMA DE INTERINFLUENCIA
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CARACTERISTICAS DO SISTEMA
DE RECURSOS HIDRICOS

O sistema de recursos hidricos necessita de um novo
procedimento para tratar com:

MUNDO EM MUDANCA
* |Incerteza
COMPLEXIDADE CONEFLITO * Complexidade

FUNDAMENTOS DA GESTAO
ADAPTATIVA

Competéncia Cooperacgao Comunicagao Gestdo de Risco

Coordenacao
Niel Grig, 1996 modificado



ADAPTACAO

Governanca Adaptativa em

Sistemas Complexos

* Fornecimento de Informacao

Tratar com Conflitos

* Induzir o cumprimento das regras

Prover Infra-estrutura

Estar Preparado para Mudancas

e Gerenciar o Risco

TRAGEDY OF THE COMMONS?
REVIEW

The Struggle to Govern the Commons

Thomas Dietz,” Elinor Ostrom,” Paul €. Stern®*

Human institutions—ways of organizing activities—affect the resilience of the environ-
ment. Locally evolved institutional arrangements governed by stable commmunities and
buffered from outside forces have sustained resources successfully for centuries, al-
though they often fail when rapid change occurs. Ideal conditions for governance are
increasingly rare. Critical problems, such as transboundary pollution, tropical deforesta-
tion, and climate change, are at larger scales and involve nonlocal influences. Promising
strategies for addressing these problems include dialogue among interested parties,
officials, and scientists; complex, redundant, and layered institutions; a mix of institu-
tional types; and designs that facilitate experimentation, learning, and change.

Devise rules that are
congruent with \\ Provide necessary

adaptation and

change

mechanisms for
conflict resolution

ecological conditions information ‘\
Involve interested
parties in informed
Clearly define the ) N discussion of rules
boundaries of (analytic deliberation)
resources and
user groups
Induce ﬁomlp\iance Allocate authority to
- = with rules allow for adaptive
Devise accountability governancepal
mechaﬂ_lsms e multiple levels from
monitors local to global
Provide physical, (nesting)
technical, and
IW institutional
sanctions for infrastructure
violations Employ mixtures of
institutional types
(institutional variety)
Encourage /

g. 3. General principles for robust governance of environmental resources (green, left and
ht columns) and the governance requirements they help meet (yellow, center column)
3, 158). Each principle is relevant for meeting several requirements. Arrows indicate some
the most likely connections between principles and requirements. Principles in the right
olumn may be particularly relevant for global and regional problems.

wwwstiencemagong  SCIENCE  WOL 302 12 DECEMBER 2003 1207

Elinor Ostrom
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Governanca Adaptativa em
Sistemas Complexos
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Copyright © 2007 by the author(s). Published here under license by the Resilience Alliance.
Pahl-Wostl, C., M. Craps, A. Dewulf, E. Mostert, D. Tabara, and T. Taillieu. 2007. Social learning and
water resources management. Ecology and Seciety 12(2): 5. [enline] URL: W LEC /
voll 2/iss2/arts/

Research, part of a Special Feature on Social Learning in Water Resources Management
Social Learning and Water Resources Management

Claudia Pahl-Wostl', Marc Craps?, Art Dewulf”, Erik Mostert?, David Tabara?, and Tharsi Taillieu’

ABSTRACT. Natural resources management in general, and water resources management in particular,
are currently undergoing a major paradigm shift. Management practices have largely been developed and
implemented by experts using technical means based on designing systems that can be predicted and
controlled. In recent years, stakeholder involvement has gained increasing importance. Collaborative
governance is considered to be more appropriate for integrated and adaptive management regimes needed
to cope with the complexity of social-ecological systems. The paper presents a concept for social learning
and collaborative governance developed in the European project HarmoniCOP (Harmonizing
COllaborative Planning). The concept is rooted in the more interpretive strands of the social sciences
emphasizing the context dependence of knowledge. The role of frames and boundary management in
processes of learning at different levels and time scales is investigated. The foundation of social learning
as investigated in the HarmoniCOP project is multiparty collaboration processes that are perceived to be
the nuclei of learning processes. Such processes take place in networks or “communities of practice” and
are influenced by the governance structure in which they are embedded. Requirements for social learning
include institutional settings that guarantee some degree of stability and certainty without being rigid and
inflexible. Our analyses, which are based on conceptual considerations and empirical insights, suggest that
the development of such institutional settings involves continued processes of social learning. In these
processes, stakeholders at different scales are connected in flexible networks that allow them to develop
the capacity and trust they need to collaborate in a wide range of formal and informal relationships ranging
from formal legal structures and contracts to informal, voluntary agreements.

Key Words: social learning; collaborative governance; adaptive management; water resources

‘Water Resour Manage (2007) 21:49-62
DOT 10.1007/511269-006-9040-4

ORIGINAL ARTICLE

Transitions towards adaptive management of water
facing climate and global change

Claudia Pahl-Waostl

Received: 20 April 2006
© Springer Science + Business Media B.V. 2006

Abstract Water management is facing major challenges due to increasing
caused by climate and global change and by fast changing socio-economic bour|
tions. More attention has to be devoted to understanding and managing the tra
current management regimes to more adaptive regimes that take into account en
technological, economic, institutional and cultural characteristics of river basins.
a paradigm shift in water management from a prediction and control to a man
learning approach. The change towards adaptive management could be defined
to manage by managing to learn”. Such change aims at increasing the adaptive

Drivers
- climate change
- global change
: P e
= Uncertainties
- Perceptions
Participatory Implementation and
R|
- Adaptation
< = Water Allocation Schemes
- Ecosystem Structure
- Cooperative Governance
Vulnerabilities
- Resource Base
- Institutional Setting Adaptive
- Economic State PRpp—
ey Management

Fig.1 Adaptive management represented in an extended PSIR (Pressure-State-Impact-Response) framework
— system design to increase the ability of the system to cope with change — R as part of the autonomous
response strategies. The whole process has to be perceived as being iterative and proceed in cycles in contrast
to the quite linear and sequential approach that is often adopted when using the PSIR scheme. The boxes
indicate the type of variables and processes that are of importance

P

river basins at different scales. The paper identifies major challenges for research and

how to understand a transition in water management regimes. A conceptual framework is
introduced how to characterize water management regimes and the dynamies of transition
processes. The European project NeWater project is presented as one approach where new
scientific methods and practical tools are developed for the participatory assessment and

implementation of adaptive water management.

Keywords Adaptive water management - Social learning - Transition processes -

Water management regimes - Global change

s
practice
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Hydrocomplexity: Addressing water security and emergent
environmental risks

Praveen Kumar'

"Ven Te Chow Hydrosystems Laboratory, Department of Civil and Environmental Engineering, and Department of
Atmospheric Science, University of Illinois, Urbana, lllinois, USA

Abstract Water security and emergent environmental risks are among the most significant societal con-
cerns. They are highly interlinked to other global risks such as those related to climate, human health, food,
human migration, biodiversity loss, urban sustainability, etc. Emergent risks result from the confluence of
unanticipated interactions from evolving interdependencies between complex systems, such as those
embedded in the water cycle. They are associated with the novelty of dynamical possibilities that have sig-
nificant potential consequences to human and ecological systems, and not with probabilities based on his-
torical precedence. To ensure water security we need to be able to anticipate the likelihood of risk
possibilities as they present the prospect of the most impact through cascade of vulnerabilities. They arise
due to a confluence of nonstationary drivers that include growing population, climate change, demographic
shifts, urban growth, and economic expansion, among others, which create novel interdependencies lead-
ing to a potential of cascading network effects. Hydrocomplexity aims to address water security and emer-
gent risks through the development of science, methods, and practices with the potential to foster a “Blue
Revolution” akin to the Green revolution for food security. It blends both hard infrastructure based solution
with soft knowledge driven solutions to increase the range of planning and design, management, mitiga-
tion and adaptation strategies. It provides a conceptual and synthetic framework to enable us to integrate
discovery science and engineering, observational and information science, computational and communica-
tion systems, and social and institutional approaches to address consequential water and environmental
challenges.

A hidrocomplexidade visa abordar a
seguranca da agua e os riscos
emergentes por meio do
desenvolvimento de ciéncias, métodos e
praticas que encapsulam uma
compreensao do comportamento da
rede interconectada de processos.

Hydrosphere
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Lithosphere

Cryosphere

Discovery Science and Engineering
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Instruments of
Water Security

| Advanced Computation and

\ ' Communication Systems

Agile Social and Institutional Networks
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Uma rede de processos
(PROCESS NETWORK) é
definida como uma rede de
ciclos de feedback e as
escalas de tempo
associadas que
representam a magnitude e
a direcao do fluxo de
matéria, energia e / ou
informacdes entre as
diferentes variaveis.

Argumentou-se que a
descricao ideal do estado
de um sistema complexo é
uma rede de processos,

DESAFIOS

* Dinamica emergente e risco

* Integracao de sistemas de
dados e conhecimento

* Redes Institucionais
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Beyond Markets and States:
Polycentric Governance of Complex Economic Systems

By ELiNor OstroM™
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FIGURE 2. A FRAMEWORK FOR INSTITUTIONAL ANALYSIS

hiree: Adapted from E. Ostrom 2005: 13,

ECOLOGICAL MODELLING 208 (2007) 49-55

available at www.sciencedirect.com

.* ScienceDirect

journal homepage: www.elsevier.com/locate/ecolmodel

Ecological network analysis: network construction

Brian D. Fath®*, Ursula M. Scharler?, Robert E. Ulanowicz?, Bruce Hannon®

7 Biology Depurtment, Towson University, Towson, MD 21252, USA

© School of Biological and Conservation Sciences, University of KwaZulu-Natal, Howard College Campus,

George Camphell Building, 4041 Durban, South Africa

© Department of Aquatic Ecology and Water Quality Management (AEW), Wageningen University and Research Centre,
Ritzema Bosweg 32-A, 6703 AZ Wageningen, The Netherlands

< Chesapeake Biological Laboratory, University of Maryland, Selomons, MD 20688, USA

© Department of Geography, University of lllinois, Urbana, 1L 61801, USA

ARTICLE INFO ABSTRACT

Article history: Ecological network analysis (ENA) is a systems-oriented methodology to analyze within
Accepted 27 April 2007 system interactions used to identify helistic properties that are otherwise not evident from
Published on line 18 June 2007 the dizect observations. Like any analysis technique, the accuracy of the results is as good

as the data available, but the additional challenge is that the data need to characterize

Keywords: an entire ecosystemn's flows and storages. Thus, data requirements are substantial. As a
Ascendency result, there have, in fact, not been a significant number of network models constructed
Ecological network analysis and development of the network analysis methodology has progressed largely within the
Foad webs purview of a few established models. In this paper, we outline the steps for one approach

to construct network models. Lastly, we also provide a brief averview of the algorithmic
methods used to construct food web typologies when empirical data are not available. It
is our aim that such an effort aids other researchers to consider the construction of such
models as well as encourages further refinement of this procedure.

© 2007 Elsevier B.V. All rights reserved.

Systems analysis
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INICIATIVA 2
Redes Postos ONS

Rede construida a partir do Mutual Information

(MI) das estacdes com dados de vazdes L

naturalizadas; HX,Y) = — Ep(xir yi)logpp(xi, yi)
Cada no representa um posto e a ligacao é i=1

estabelecida se o valor do Ml supera um limiar MI(X;Y)= HX)+ H(Y)—-H(X,Y)
de significancia de 95% obtido via

bootstrappl-ng, | | , MI*(X;Y) = MI(X;Y)
Processo foi repetido para diversos periodos \/H(X)H(Y)

e Série completa (1931 —2015)
* Fase quente simultanea da AMO e da PDO

(1931 - 1943) RAVAV-NAWNAYYY X L

e Fase quente da AMO e fase fria da PDO
(1944 — 1963)

* Fase fria da AMO e fase quente da PDO R M A N : :/\/\/\ /\:/_/\ A f
! NN VoV

(1977 — 1994) *N
* Fase quente da AMO e “neutra” da PDO
(1995 — 2015)
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Redes Postos ONS

1931 -2015
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Redes Postos ONS

1944 — 1963
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Redes Postos ONS

1977 — 1994
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Streamflow
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Impacto

INICIATIVA 4

Analise de Risco Sistémico Utilizando
Inferéncia Fuzzy

Regides de Risco
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Macro Alocagdo
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Macro
Aloc acdio
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