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PROJECOES HIDROLOGICAS DOS EFEITOS DAS

MUDANCAS CLIMATICAS
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Formulacao estatistica da distribuicao de
armazenamento no solo (Xinanjiang Model)

A

C = Cmax — (Cmax — Cmin)(l - f)l/b

i
1
Fractional area: f = A;/Ar



Filosofia TopModel (indice Topografico):

- representar o efeito da topografia na organizacdo espacial do
conteudo de agua no solo na bacia
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METODOLOGIA

IMPLEMENTACAO E CALIBRACAO DO MODELO HIDROLOGICO

Dados de entrada

I I
I I

F I
: Dados Meteorologicos. Dados fisicos e bidticos I
1 | Séries historicas precipitacdo, radiacao, Mapas de vegetacao, rede de :
| | temperatura, umidade relativa do ar e drenagem, relevo, uso da terrae tipo |1
I | velocidade do vento de solos :
! !

Pré-Processamento
Interpolacao de dados meteorolégicos Geracao da rede de drenagem do
na resolu¢dao do modelo hidrolégico modelo e dos blocos de uso nas células

> o

Implementacdo do Modelo Hidrolégico

Dados Hidrolégicos
Séries historicas de

vazao periodo 1

Ajuste do Modelo Hidrologico

§

Dados Hidrolégicos
Séries historicas de
vazao periodo 2

Verificacdo do Modelo Hidrolégico
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EstacOes Pluviométricas e Fluviométricas
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MHD-INPE: Rede de Drenagem

A rede de drenagem foi obtida a partir do modelo digital de elevagao

SRTM 4 na resolugdo 0.00833° (~90 metros), disponibilizado pelo CGIAR-
CSI (<http://srtm.csi.cgiar.org/ >).
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MHD-INPE: Vegetacao

Obtido do projeto ProVeg (SESTINI, et al, 2002), disponivel na resolugao
de 1 km no site http://proveg.cptec.inpe.br/index.shtml. Neste projeto, foi
utilizado como mapa base a classificagado do RADAM e foram atualizados
os usos da terra usando dados de desmatamento do Prodes digital de 1997.
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MHD-INPE: Solos

A classificagao dos tipos de solo na bacia do rio Madeira foi derivado a
partir dos mapas de solo fundagdao independente ISRIC - World Soil
Information - SOTERLAC (Dijkshoorn; Huting; Tempel, 2005); resolucao de
2 km.
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MHD-INPE: Unidades de Resposta Hidrologica

Os grupos de solo (8 classes) foram combinados aos tipos de vegetacao (3
classes) para gerar os blocos com os quais sao subdivididas as células do
modelo hidrologico distribuido, resultando em 15 blocos .
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Argiloso + Pastagem
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Climatic Change
DOI 10.1007/s10584-015-1338-x

Impacts of future climatic and land cover changes
on the hydrological regime of the Madeira River bas

J. L. Siqueira Junior + J. Tomasella « D. A. Rodriguez mE
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COEFICIENTES DE PERFORMANCE
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Resultados da Calibracao MGB-INPE aplicado na Bacia do Rio

Climatic Change
DOI 10.1007/s10584-015-1338-x

Madeira 1970- 1990

Impacts of future climatic and land cover changes

on the hydrological regime of the Madeira River basin

J. L. Siqueira Junior « J. Tomasella « D. A. Rodriguez

T30 715 708 685 670 655 640 625 610 585 S8

[ mira flores
Il rurrenabaque
] abapo

Il camiaco

Il puerto varador
[ puerto siles
] mato grosso
= pimenteiras
[ guajara mirim
Il abuna

Il porto velho
I santa isabel
I ariquemes

I ji parana

[ tabajara

1 humaita

Bl manicore

Il boca do guariba
[ faz. vista alegre

1970 - 1990

Sub-bacia Rio {:DIII__]D Nash Ihsthg R2 Errv
Mira Flores Rio Madre de Dios 1 053 083 073 13.8%
Rurrenabague Rio Beni 2 0.74 o070 0.78 -7.2%
Abapo Rio Grande 3 [ 072 072 3.9%
Camiaco Rio Mamoré 4 073 0.75 0.80 -3.5%
Puerto Varador Rio Mamore o 079 0.80 0.82 0.7%
Puerto Siles Rio Mamoré 6 0.80 0.78 0.86 -7.1%
Mato Grozso Rio Guaporé 7 0.84 0.85 0.85 6.2%
Pimenteiras Rio Guaporé & 0T 0.84 0.82 2.6%
Guajara-Mirim Rio Mamoré 9 0.71 0.75 072 H5.7%
Abund Rio Madeira 10 0.89 0.85 0.89 1.1%
Porto Velho Rio Madeira 11 0.83 0.85 0.24 35%
Santa lzabel Rio Candeias 12 079 0.79 081 0.3%
Ariquemes Rio Jamari 13 0.58 0.75 0.565 7.5%
Ji Parana Rio Ji-Parana 14 079 087 0.280 -5.2%
Tabajara Rio Ji-Parana 15 0.24 0.88 0.86 -10.4%
Humaita Rio Madeira 16 079 0.82 0.80 3.7%
Manicoré Rio Madeira 17 o7 0.80 078 -0.1%
Boca da Guariba Rio Aripuand 18 093 0582 0.93 -5.0%
Fazenda Vista Alegre Rio Madeira 19 0.87 0.85 0.87 -0.4%




VIETODOLOGIA

Impactos das Mudancas Climaticas nos Recursos Hidricos

Modelo Global (HadCM3).
Cenario climatico do clima atual em escala
global, no periodo 1960-1990, (resolucdo

2,5°)
<

Downscaling Dindmico
Modelo Eta
Cendrio do clima atual, periodo
1560-1990, com resolucdo 40 km

Processamento

Interpolacdo de dados de chuva, radiacao, temperatura,
umidade relativa na resolucdo do modelo hidroldgico

U

Correcdo de erros sistematicos

U

Modelo Hidrolégico
Previsao de vazdo didria no periodo historico

Verificacdo de vazbes (médias mensais no periodo histérico)
através da comparacdo com a série de observagbes.




heor Appl Climatol (2010) 99:187-192
14-009-0134-

ORIGINAL PAPER

Statistical bias correction for daily precipitation in regional
climate models over Europe

C. Piani - J. O. Haerter

« E. Coppola

Correcao de erros Sistematicos

It i1s well known that general circulation model (GCM)
precipitation output cannot be used to force hydrological or
other impact models without some form of prior bias
correction if realistic output is sought (Sharma et al. 2007;
Hansen et al. 2006; Feddersen and Andersen 2005). The
errors in GCM daily precipitation afflict the entire intensity
spectrum: a low number of dry days, which are compen-
sated by too much drizzle, a bias in the mean, and the
inability to reproduce the observed high precipitation events
(Boberg et al. 2007; Leander and Buishand 2007). It is
customary for climate modelers to present future global or
regional temperature or precipitation projections in terms of
the relative changes in the statistics (Piani et al. 2007;
Gutowski et al. 2007). For these projections to be translated
into forcing fields for impact models, metadata with
realistic statistics and which incorporate the projected
statistical changes must be derived.




VIETODOLOGIA
Correcao de erros Sistematicos

e Delta Change ( e.g. Hay et al 2000)
* Regressao Linear Multipla (e.g. Hay and Clark, 2003)
* Analogue Methods ( e.g. Moron et al 2008)
* Quantile mapping (Panofsky e Brier 1968)
* Percentil-Percentil:

e “Estatistica” (e.g. Piani et al 2010)

e 2 PDFs Empiricas (e.g. Wood e Maurer 2002)

* 3 PDFs Empiricas (e.g. Bardossy e Pegram 2011)
Estocasticos (e.g. Hwang e Graham 2013 — HESSD)




IVIETODOLOGIA

Correcao de erros Sistematicos

as well as the generality of its applicability increases. BC
methods often impair the advantages of circulation models
by altering spatiotemporal ficld consistency, relations among
variables and by violating conservation principles. Currently
used BC methods Targely neglect feedback mechanisms, and
it I1s unclear whether they are time-invariant under climate
change conditions. Applying BC increases agreement of cli-
mate model output with observations in hindcasts and hence
narrows the uncertainty range of simulations and predictions
without, however, providing a satisfactory physical justifica-
tion. This Is In most cases not transparent to the end user. We
argue that this hides rather than reduces uncertainty, which
may lead to avoidable forejudging of end users and decision

makers. HESS Opinions

“Should we apply bias correction to global and regional climate Hydrol. Earth Syst. Sci., 16, 33913404, 2012
www.hydrol-earth-syst-sci.net/ 16/3391/2012/

H
model data? doi:10.5194/hess-16-3391-2012
U Ehreth, E. Zehel, v, Wulfmeyer2, K. Warr ach-Sagi?, and J. Licbert? © Author(s) 2012. CC Attribution 3.0 License.

Lnstitute of Water Resources and River Basin Management, Karlsruhe Institute of Technology KIT, Karlsruhe, Germany
2|nstitute of Physics and Meteorology, University of Hohenheim, Hohenheim, Germany
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VIETODOLOGIA

Correcao de erros Sistematicos

BARDOSSY AND PEGRAM: DOWNSCALING PRECIPITATION USING RCMS W04505
" ¢
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$
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Figure 11. A sketch of the double quantile-quantile transform relating a given RCM future fdf to the
observed cdf through the corresponding RCM cdf; the latter would be obtained from the observation
period (see equation (2)). The vertical axes show cumulative probabilities, and horizontal axes are in
millimeters. The sources are as follows: black line, observed cdf; gray line, RCM-based cdf (observation
period); black diamonds, RCM future fdf. The RCM future point (large gray diamond) is matched with
the same value on the observed RCM cdf, shifted at the same quantile level to the observed cdf and back
to the same quantile level at the future value to give the point in the circle, in the process preserving the
rank of the shifted value.



COrrecao de erros sIstematicos: Precipitacao ETA

Observed Precipitation Eta Precipitation Bias: Observed - Eta
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Figura 4 - Médias anuais de precipitagdo(milimetros) observada, modelo Eta(controle) para o periodo 1970 a 1990 e a diferenga entre as médias(erro sistematico).




COrrecao de erros sIstematicos: Precipitacao ETA
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VALIDACAO DAS SIMULACOES HIDROLOGICAS DO

PEERIODO HISTORICO USANDO DADOS DE
MODELOS CLIMATICOS




VERIFICACAO DAS SIMULACOES DO

PERIODO HISTORICO
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COEFICIENTES DE PERFORMANCE
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P(X=x)[%]
Name Description Equation

SEASON Differences between wet and dry
seasons discharges

Slope of the FDC at the medium

range, indicating the variability in

QSM the medium range of the runoff
coefficients

High flow segment of the FDC,
which indicates the watershed
MWH N
response to large precipitation
events

Low-flow segment of the FDC.
MWL Indicates the long-term
sustainability of flow

meanWet — meanDry
Season =

mean

0.8 quantile — 0.2 quantile

QSM =
mean

Yh-1Qn
H

MWH =

=1, 2, ...H flows with exceedance probabilities

<0.05

L
MWL — Xi=1 Qi

=1, 2, ...L flows with exceedance probabilities 0.7 -

0.95




Validation of MHD for Madeira River Basin:

Comparison of model simulation forced by historical observed data
versus climate models for the period os 1970-1990
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ANALISES DOS IMPACTOS DAS MUDANCAS

CLIMATICAS NAS VAZOES




Impactes das Mudancas Climaticas nas
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Impactes das Viudancas Climaticas nas
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Impactes das Viudancas Climaticas nas

Descargas
Fazenda Vista Alegre - Bacia do Rio Madeira
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The accuracy of climate predictions is limited by fundamental, irreducible uncer-
tainties. Uncertainty means that more than one outcome is consistent with expecta-
tions. For climate prediction, uncertainties can arise from limitations in knowledge
(for example, cloud physics), from randomness (for example, due to the chaotic
nature of the climate system), and also from intentionality, as decisions made by
people can have significant effects on future climate and on future vulnerability (for
example, future greenhouse gas emissions, population, economic growth, develop-
ment etc.). Some of these uncertainties can be quantiﬁed, but many Simply cannot,

meaning that there is some level of irreducible ignorance in our understandings of
future climate (Dessai and Hulme, 2004).

Dessai, S. and Hulme, M. 2004. ‘Does climate adéptation poliéy need probabilities?’,
Climate Policy 4: 107-128.



INCERTEZAS

Cadeia de incertezas na modelagem climatica

Projetar os Impactos da Mudancas Climaticas

Cenérios de populacéo,
energia, modelos
econdmicos

Concentracoes Modelos do ciclo do carbono
CO,, metano, sulfatos, etc. e quimica

Modelos Climaticos Globais

Modelos Climaticos
Regionais

Modelos de Impactos
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* Asincertezas representam limitacdes para a tomada de decisdes
com respeito a mitigacao dos impactos, baseadas num paradigma
de otimizacao.

 N3o obstante, diante deste contexto de incertezas, tomadores de
decisao precisam da integracao de conhecimentos que considerem
os multiplos fatores de stress que condicionam o ambiente de
decisao.

* Aplicacao de analises exploratorias, que consideram multiplos

cenarios, explorando sistematicamente as implicacoes de um
amplo intervalo de condicionantes e politicas.
Dessai, S.; Hulme, M.; Lempert, R.; Pielke Jr., R. Climate prediction: a limit to adaptation? Em:

Adapting to Climate Change — Thresolds, Values, Governance. Adger, W.N.; Lorenzoni, |. |;
O’Birem, K.L. (Eds). Cambridge University Press, 2009,

Kiparsky, M.; Milman, A.; Vicuna, S. Climate and Water: Knowledge of Impacts to Action on
Adaptation. Annu. Rev. Enrin. Resour v. 37, p. 7.1-7.32, 2012.



Projecdes climaticas

Cenarlos socioeconOmicos

-Uso do solo
-Populacao
-Desenvolvimento
-Industria
-Energia
-Meio ambiente
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Mudancas Climaticas

Vulnerabilidade na producao de hidroenergia

Journal of Hydrology: Regional Studies xx (2015) xxx-Xxx

Contents lists available at ScienceDirect
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Exploratory analyses for the assessment of
climate change impacts on the energy
production in an Amazon run-of-river
hydropower plant
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PREVISOES DE VAZOES



A técnica de previsao por conjunto

Multiplos cenarios de vazao associados aos dados meteorolégicos
historicos ou previsdes de tempo ou sazonais

N =
l Cenarios plausiveis
Q
le]
3
S Cenario 2
Cenario 1
Cenario 3
O estado inicial do Tem po

modelo refleteas =
condicbes atuais

Os resultados sao usados em analises estatisticas para gerar
previsdes com valores probabilisticos associados.

©The COMET Program



A técnica de previsao por conjunto (cont.)

A Agora Pequena chance

Passadoi Futuro desta vazdo ser
) g superada
—

Chance média desta
vazdo ser superada

Vazdo

Alta chance desta
vazdo ser superada

Tempo

Data de
in tel’esse ©The COMET Program



A técnica de previsao por conjunto(cont.)

Previsao deterministica Previsao probabilistica
(um Unico valor) (intervalo de valores)

Probabilidade de excedéncia

Acima do verde > 10%

10 - 25%

25 -50%
B 50-75%
B 75-90%

T >90%

Vazdo

\ 4

Tempo
Data de

interesse

©The COMET Program
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Deficiéncias dos sistemas de previsao por

conjunto
A Agora
Passadoé Futuro AS preVIscze§
« i > meteoroldgicas por
—> conjunto est3o
IS N afetadas pelo bias e
§ podem ndo
representar todas as
fontes de incertezas
das previsoes, além
; de nao
b A S apresentarem
\ Ter\mo adequada resolucao
Umidade do solo, espacial.

vazao, precipitacao,
etc, sdo pobremente
monitorados em
tempo real. Qual o seu
grau de incerteza?

Os modelos hidroldgicos
nao sao perfeitos, geram
incertezas que nao sao
quantificadas na previsao

©The COMET Program



Resumo

« Previsao de vazao por conjunto
« Usa cenarios iniciais do modelo hidrolégico

« Podem ser usados dados historicos ou previsoes
hidro-meteoroldgicas

« Gera um conjunto de simulacdes de vazao
« Fornece valores probabilisticos
« Previsoes de niveis, vazao, ou volume
« Permite simulacdes historicas ou condicionais
« Configuracao de saidas flexiveis
« Permite variado periodos e previsao e parametrizacoes
« Varias ferramentas de verificacao

Processo CNPq 473114/2012-7



DISPERSAO DE ERROS NAS SIMULAGOES

HIDROLOGICAS

Joumal of Hydrology 527 (2015) 943-957 M I I D - I N I E
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Propagation of satellite precipitation uncertainties through a distributed
hydrologic model: A case study in the Tocantins-Araguaia basin in Brazil
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Fig. 6. Time series of streamflow for a large basin {B19) from October 15, 2008 until October 14, 2010 for (a) CMORPH, (b) 3B42RT, (c) HYDRO-E and (d) GSMaP. The black
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Tabela : Valores das fungdes objetivo
da calibragdo com dados diarios

110 - —Vvazdo observada
—vazdo simulada

01/01/2003

Sub-bacia 1

01/01/2005 01/01/2007 01/01/2009 01/01/2011

Sub-bacia 2

Vazo (m¥s) .
g 8 8

8

B

—vazdo observada

—vazdo simulada

Bacia [ Nash | Log Nash | R2 | R2L
1 0.8 0.846 |[0.803| 0.85
2 |0.836| 0.873 (0.842]|0.874
3 [0.644| 0.821 | 0.66 |0.823
4 0.85 | 0.875 [0.853|0.876
5 |(0.416| 0.616 [0.522|0.703
6 |0.694| 0.04 [0.767]0.053
7 [0.702| 0.815 [0.753]0.852
8 [0.708| 0.675 |[0.722]|0.687
9 [0.798| 0.854 (0.821]|0.861
10 |0.627| 0.406 |0.776|0.462

o
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Figura: Calibragdo com dados diarios no periodo de 2001 a 2011, sub-bacias 1,24 e 7

Bacia do Rio Itapemirim



PREVISAO DE VAZOES EXTREMAS UTILIZANDO

PREVISOES ATMOSFERICAS

Tabela : Valores das funcdes objetivo
da calibracdo com dados horarios

Sub-bacia|Nash|Lnash| R2 | R2L |Errv (%)
0.30] 0.51 10.31{0.54| 0.6

2 0.441 0.66 |0.47(0.66| -3.5
3 0.4910.71 10.51{0.71| -8.2
4 0.60[ 0.75 |0.60/0.77[ 0.3
5 0.41( 0.64 10.45(0.64| -14.8
6 0.691 0.76 |10.70|0.77| -5.0
7 0.56] 0.57 |0.57|0.58| -2.7
8 0.48 [ 0.62 [0.50]/0.63| -4.5
9 0.6810.73 10.69(0.73| -3.1
10 0.6810.47 10.75]|0.81| 25.3
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Figura: Calibracdo com dados horarios no periodo de 2012 a 2013, sub-bacias 1, 3,4 e 6

Bacia do Rio Itapemirim




PREVISAO DE VAZOES EXTREMAS UTILIZANDO

PREVISOES ATMOSFERICAS

12 - 18 -
Sub-bacia 1 Sub-bacia 2
——Observado ——Observado
—Simulado 16
10 | ——BFF N —BFF
—BFG 14 | —BFG
—bB2z
—KFG
8 12
——kfm_FG ///
E :.EIO
E E
w0 0
i S sl
3 ¥ —
4 6
/ "
2l
2
O T T T T T T T T T T T e
25/11/201300 25/11/201310 25/11/201320 26/11/201306 26/11/201316 27/11/201302 27/11/201312 27/11/201322 25/11/201300 25/11/201310 25/11/201320 26/11/201306 26/11/201316 27/11/201302 27/11/201312 27/11/201322
Data Data
90 0 30 0
Sub-bacia 6 Sub-bacia 7
—Observado /J —Observado
80 ——simutado —Simulado
—BFF // 25 [——BFF
70 | —BEG —BFG
—BZZ / —bzZ
/‘ % —KFG
—KFG
60 20 -
o 7 =7
7 =
=50 e
£ e £
] g1
b4 Z A~ / =
/ 0 L
5 ~~
LI e s e e e e e o LI e e B e e B e e e |
300 25/11/201310 25/11/201320  26/11/201306  26/11/201316  27/11/201302  27/11/201312  27/11/201322 25/11/201300  25/11/201310  25/11/201320  26/11/201306  26/11/201316  27/11/201302  27/11/201312  27/11/201322
Data Data

Figura: Previsdo com o modelo Eta 5km para 27/11/2013, nas sub-bacias 1,2,6e 7
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PREVISAO SAZONAIL DE VAZOES UTILIZANDO

PREVISOES ATMOSFERICAS

Bacias do Tocantins e Madeira
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Previsao de vazao por conjunto na

Bacia do Madeira

ETA Model, 5
members, 40 km
resolution, 3 month

Rio Madeira - Porto Velho
Previsoes Sazonais Cheia 2013-2014

seasonal forecast
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Previsao de vazao por conjunto na Bacia
do Tocantins Araguaia

ETA Model, 5
members, 40 km
Rio Tocantins - Tucurui resolution, 3 month
Previsoes Sazonais Estiagem 2015 seasonal forecast
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MUDANCAS NO USO DO SOLO



Diferencas nos campos de precipitacao acumulada (15 dias) sob
condicoes pristinas e de mudanca no uso do solo
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Diferencas nos campos de precipitacdao acumulada (15 dias) sob
condicoes pristinas e de mudanca no uso do solo
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PREVISOES DE UMIDADE NO SOLO



Modelo de balanco hidrico

e C(CalculodaETP

ETR = i ETP S < AFD
3 AFD

ETR=ETP S > AFD

e (Calculo do armazenamento

S _p_ETR §:KS(
ot ot




Dados de solos usados na paramterizacao do modelo

Localizacae dos perfis de solo

Mapa de solos do Brasil (Embrapa, 1980)
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PREVISOES DE AGUA DISPONIVEL NO SOLO

Previsao da distribuicao espacial de umidade do solo

Previsdo de umidade do solo utilizando
valores previstos de precipitagdo e
evapotranspiracdao potencial do modelo
regional Eta



PREVISOES DE AGUA DISPONIVEL NO SOLO

Estudo dos erros nas previsdes de umidade do solo. Bias (CAD

> 50%) Janeiro de 2004.
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