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Introduction

" The Hidden Markov Model (HMM) used in this

study provides a framework for modeling daily

rainfall occurrences and amounts on multi-site
rainfall networks.

= The HMM fits a model to observed rainfall

records by introducing a small number of discrete
rainfallstates.

" These states allow a diagnostic interpretation of

observed rainfall variability in terms of a few
rainfall patterns.



Motivation

* The variability in rainfall particularly at the
seasonal scale is extremely important for most
sectors in every economy.

* The HMM allows you to simulate rainfall at each
of the station locations to get key statistical
properties (eg. rainfall probabilities, dry/wet spell
lengths) which is useful for input into a crop
model for agricultural planning.
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Rainfall Amount over

hmm learn independent delta-exponential
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Transiion probability:
First entry probabilities:

0.033, 0.967, 0.000
Conditional probabilities:
0.670, 0.1153, 0.z18
0.18Z, 0.810, 0.007
0.412, 0.021, 0.557

Log-likelihood of the data set: — 3. 1528755745792+ 05
Log—posterior of the data set; — 2. 152455727952+ 05
Per—dimension log—posterior of the data set: -1 4002352451486+ 00
Number of free (real-valued) parameters: 248

Eayes Information Criterion score: 5.32080558682532+05

Failure rate: 0O out of 2.



Rainfall Probabilities over Ghana

hmm learn independent delta-exponential
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Probabilities

. Rainfall probabilities amount three categories
are given along with the plots in earlier
image.

. [t 1s evident that the probability for Medium
Rainfall is highest (0.967).
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Viterbi output

. The viterbi output 1s showing daily rainfall
occurrence for all years.

. Red indicates scanty or no rainfall

. Yellow box 1s for moderate rainfall

. Where as Green box is for Very high
raimnfall

. Rain break spells can be i1dentified with red
boxes in the middle columns.



Rainfall Amount over South Ghana
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Transition probability:

First entry probakbilities:

0082, 0538 0.000

Conditional probahilities:

0680, 018z, 0158

0.149, 0822, 0.025

0527, 003z 0441

Log-likelihood of the data set: -1.095101435414e+05
Log-posterior of the data set: -1.094535096722e+05

Per-dimension log-posterior of the data set; -1.215005473862e+00

MNumber of free (real-valued) parameters: 104

Bayes Information Criterion score: 2.199912552187e+05

Failure rate: 0 out of 2.



Rainfall Probabilities over South Ghana

hmm learn independent delta-exponential
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Sequence Number

hmm viterbi

22
t=1

ra
4]

ra
el

ra
-1

ra
-1

ra
e

ra
i<

ra
el

ra
ra

ra
He

20

=
L)

=
e

-
-1

—
=Y

-
en

.
s

o
=]

1z

-
—-

=
=

1}

=]

L

en

s

ra

State:

independent delta-exponential

Estimated State Sequence

= .fwil:

36

Day of Sequence

21

30

23

28

27

26

25

24

23

22

21

20

13

18

17

16

15

14

12

12

11

10



Rainfall Amount over Mid Ghana

hmm learn independent delta-exponential

Rainfall Amount (mm) (=) o

State 1 State 2
81 F J51 21 F 351

76 I 178 76 | 1786

‘5?1-0 471 E?l-o 471

g g

! 3

Ess g 55 168 gss z = 166
@) o

62 | O 482 gzt o 462
O O

O )

a7 1 L L L a7 5.7 L L . L a7
Z4 3.1 8.3 94 10.1 10.7 T4 8.1 8.3 94 10.1 107
100 O Longitude Degree) 100 O Longitude (Degree)
State 3 Transition probability:

First entry probabilities:

ST 1% oo0s2, o0ses, o000
Conditional probabilities:
] 0554, 0003, 0443
) 0016, 03540, 0.144
i 17¢ 0246 0099, 0655
Log-likelihood of the data set: -1.552566395563e+ 05
Log-posterior of the data set: -1.592779277313e+05
Per-dimension log-posterior of the data set: -1.571566441626e+00
AN O 471 MNumber of free (real-valued) parameters: 116
B Bayes Information Criterion score: 3.186763278551e+ 05
g Failure rate: 0 out of 2.
E ag b O 466
O
Q
g2t O d6z2
O
o
57 1 L L L 57
74 3.1 8.3 24 10.1 10.7

100 O Longitude {Degree)



Rainfall Probabilities over Mid Ghana

hmm learn independent delta-exponential
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hmm viterbi
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Rainfall Amount over North Ghana

hmm learn independent delta-exponential
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Transition probability:

First entry probahbilities:

0032, 0568 0000

Conditional probabilities:

0479, 0000, 0521

0.006, 0.857, 0037
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Log-likelihood of the data set: —-6.862460527044e+04
Log-posterior of the data set: -5.861421120818e+04

Per-dimension log-posterior of the data set; -1.2152592711670e+00

Mumber of free (real-valued) parameters: 68

Baves Information Criterion score: 1.378841007375e+05

Failure rate: 0 out of 2.



Rainfall Probabilities over North Ghana
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hmm viterbi
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Vertical Velocity and Wind (850 hPa)

State 1 (197 days) State 2 (503 days)
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. Vertical velocity component 1s shown
over the West African region along with
wind speeds for each state.
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. Days with high rainfall amount over the
southern part agrees with state 2 where
upward vertical velocity possible
resulting into convection and rainfall.
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Conclusion

" High interannual variability as shown by the
viterbi graphs has been known to be due to the
influence of ENSO phenomenon over the
country (e.g Mawunya et al, 2011).

" A number of meteorological drought is revealed
over the south than the other 2 divisions



Caveats and Future work

Limited time for analysis
We are still learning the HMM

Further analysis will look into simulating rainfall
using NHMM with possible rainfall predictors
over Ghana

Analysis over India rainfall



Thank you for the wonderful
opportunity




