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1. Introduction

Study Area - State of Ceara 1 Int I’Od uction
= High Space-Temporal Rainfall Variability ]

=  Two seasons: wet and dry. So, the mean annual streamflow is approximately the
mean wet flow

= High Frequency of Severe Droughts Wet Dry
= Vulnerable region to the future climate conditions
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De Nys et al., (2016)

Study Scope

= To improve the forecasting system using Hidden Markov Models to capture Annual
Observed Hydrology Persistence

= To give some tools to local decision-makers for evaluating the best strategy to deal with
extreme events like droughts

[77) Northeastern Brazil

— State Boundary

Semiarid PrObIem IRI (2018)

= High inflow uncertainty
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2.Data

Brazil

Jaguarjibe Basin

Mean annual inflow series to the Oroés
reservoir
= 90-year inflow time series: 1911-2000
= 30-year Calibration Period: 1911-1940
N i = 60-year Validation Period: 1941-2000

State of Ceara
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3. Hidden Markov Models (HMMs)

3. Hidden Markov Models (HMMs)

Autoregressive Non-Homogenous HMMs (AR-NHMMs)

Hidden Markov Models (HMMs) and Non-Homogenous HMMs
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4. Forecasts Based on NHMMs

4.Forecasts Based on NHMMs
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One year ahead forecasts
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4. Forecasts Based on NHMMs

4.Forecasts Based on NHMMs

Definition of Persistence statistics

Flow
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!
Deficit Volume

T Statistic

r= inc(l)
1=2

Time
(Prairie et al., 2008, Modified)

n.(l) = total number of clusters with consecutive years in the
dry or wet state.

For example, if there is a series with 5 consecutive years of dry
events, the value of T will be:

T =n.(2) + n.(3) + n.(4) + n.(5) +n.(6)
—4+43+2+140=10
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Mean Length (Years)

Mean Length (Years)

5. Results

5. Results — Mean Lengths to One Year Ahead Inflow

Forecasts M
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5. Results

5. Results — Mean Lengths to Five Year Ahead Inflow

Forecasts @—?—

Dry Mean Length With NFM Climate Index

Dry Mean Length With NDA Climate Index

Mean Length (Years)
- N w £

o

-8 = = B =) B B A 5r & B =] B = B/ A
-+ + - + + + DAL+ + - - -
: A Mean 3
T | O Maximum| + 1 Z_/3—T + + 1
e
| : "g', |
i + + T T @2 + + + + A
m B 2 2 T o1t @ + + i + -
| A A = | A A
1 A | A
i - T of L+ A — _— — & —

Wet Mean Length With NDA Climate Index

Mean Length (Years)

Wet Mean Length With NFM Climate Index

- 8 @ 5 o - 5 @ 5 @ R W
=l _
I @ | %
> 3F & + .
i Al |Aal] < | Al |A
| gZ- . ] ]
i @ + - _C|1_A o N N |
A, . _ g ol A A el ]
L 1 % _*_ % % $ 1 1 ] -1_ 1 1 1 1 1 1 1 1 ]
ORI B R o R R RS I
SN O R & T NN
S & LSS d S & &S
SRR R F S
S & &

= 55 periods of five year ahead forecasts ¥



5. Results

s
5. Results — T Statistic to One Year Ahead Inflow Forecasts

Dry T Statistic With NDA Climate Index Dry T Statistic With NFM Climate Index
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5. Results
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5. Results — T Statistic to Five Year Ahead Inflow Forecasts

T statistic

T statistic
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6. Conclusions and Future Work

Conclusions And Future Works [@ol

It was assessment the NHMMs and AR-NHMMs performance to forecast dry and wet
periods of inflows for the Ords reservoir in the Brazil’s north-eastern.

The results are promising, it is possible to think that the NHMMs performance was
similar to ARX models.

The NHMMs with Gama state dependent distributions resulted better for calculate wet
periods.

From results, we can say that NHMMs can be used to improve the forecast system in
the state of Ceara.

The NHMMs and AR-NHMMs performance to wet periods was better with NDA climate
index.

Finally, other climate variables should be used, and also another climate influence on
the observations could be tested. At present, some research works in those ways is
being developed. 11
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