errors encountered. The MOS QPFs are strongly [ veLsouRe LJO
reliant on the ARPE prognosis, and particularly - o
on its identification of the various weather- onvoemna T )
producing systems. They also depend heavily on ,
the quality of the forecast moisture field and H #4] [
thus on the initial moisture analysis. Further, / ' -
prognoses are presently only available at the E .
beginning of the forecast period, so that major %mumwe. 3
errors may occur if the 24hr prognosis does not | / [T A ° -
identify the rain-generating mechanism during 2 7N i N -
the period. This and errors in the timing of £ N  coae
systems may also result in errors in the tempor-~ -
al distribution of precipitation (e.g. Canberra, “meT A VAN
26-27 July 1980, see Fig. 3). More general pro- | e L X

E 26 28 30 24 28 8 0

blems concern the degree to which the predictors
selected represent the rain-producing mechanism

. JULY 1980 JULY 1980

on any particular occasion, and the extent to FIG 3 MOS QPFs (crosses) and
which a statistical procedure, used in an un- observed rainfall (dots) at
stratified form, can capture mechanisms operat- seven Australian cities, 24-
ing on all occasions. 31 July 1980. Arrows indicate

wrong categorical forecasts.
CONCLUDING REMARKS

The Australian MOS system in its present form has the capacity to indep-
endently predict 24hr rain totals approximately one day in advance with sligh-
tly greater skill than subjective forecasts produced operationally, which have
a shorter lead time. Particular improvement has been achieved in the predict-
ion of larger rain totals (in excess of 5mm in 24hr) which the operational
forecasters have shown a reluctance to predict (Fig. 1). Further improvement
of the MOS QPFs must await the ability to overcome any or all of the various
problems which presently limit the usefulness of the MOS approach. Some can be
addressed now, others must await more fundamental developments in observation
and forecasting.
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THE APPLICATION OF A MARKOV MODEL TO THE SHORT-TERM FORECASTING OF WEATHER
STATE, PARTTICULARLY PRECIPITATION

R R Dahni, H Stern and J D Jasper
Bureau of Meteorology, Australia

Where a mathematical model, or a physical process, has the property that
the outcome of any trial depends only on the outcome of the immediately
preceeding trial, it is referred to ag a Markov process or a Markov chain.
The chain consists of a transition probability matriXeee...

N P11 P12 ¢ ® & 9 00 080 eSO P_1m
P.. =
ij P21 P22 sescssossensas P2m
l...........I‘ICP-- ® & 5 08 0000
1J
Pm1 Pm2 ® 800885 08000903000 .Pmm

where the probability that a system in state A, will undergo a transition to
A. (there being m possible states) is P... Thé transition probabilities P, .
ate conditional probabilities for the stdte j following the state i after &
one-step transition (Whitton, 1977).

The purpose of the present paper is :

1. 1o document the transition probability matrix for various weather
states at Melbourne (these states being as defined by Stern et al,
1984a) for three-hourly transitions. The probabilities are given
in Table 1 for eight three-hourly transitions, namely : 0000/0300,
0300,/0600, 0600/0900, 0900/1200, 1200/1500, 1500/1800, 1800/4100
and 2100/2400 (all local times);

2. to demonstrate the substantial dependence of the matrix on the
surface pressure pattern. This is achieved by documenting a
gelection of probabilities for Melbourne, specifically for the
six-hourly transition O900/%500 for each of Jasper and Stern's
(1983) thirty-eight synoptic types over southeast Australia
(Table 2). These types are depicted by Stern et al (1984b).

In concluding, the authors wish to note the potential for this approach
over a range of short-term forecasting applications (e.g. for aviation
purposes ).
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Stern, H., Jasper, J.D., Dahni, R.R. and de la Lande, J. 1984b. TFrequency ‘
distributions of weather phenomena, particularly precipitation type, from : Table 1:(cont)
data associated with synoptic analogues (elsewhere in present volume). ' ‘
’ (g) Starting time state = 9 (i) Starting time state = 1-5
Whiton, R.C. Capt. 1977: Selected topics in statistical meteorology. ! Startinge time ) .
Chapter 7. Markov Processes. Air Weather Service (MAC). TUnited States ; State 3 00 03 g06 09 12 15 18 21 00 o?tagzlng9tl?g 15 18 21
Air Force. : hours later:
1- 10 1 12
Table 1 : The transition probability matrix for various weather states 6 2 ] g ) g 13 18 ? 1? 5? 6? 6? 63 63 78 6? 62
(determined by cloud cover and present and past ww observations) 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 !
at Melbourne. Probabilities for eight three-hourly transitions 8 23 30 36 26 26 20 16 19 15 14 18 19 14 12 M 12
(starting times 00, 03, 06, 09, 12, 15, 18 and 21)&1’6 given for 9 40 34 31 4% 35 38 43 42 14 11 9 14 12 12 14 1
different weather states af, the starting time (based on data 10 26 20 20 23 25 32 32 28 12 7 6 5 & 10 1?
1960-83 inclusive). ' 5
h St ti i = 3 1 1 —
(a) Starting time state = 1 (a) Starting time state =5 (n) arting time state = 10 (3) ?t?ﬁﬁinilfl??mi§a2§m£i§e3§
Starting time Starting time ' Startine tim .
State 3 00 03 06 09 12 15 18 21 00 03 06 09 12 15 18 21 State 3 00 03 g06 89 12 15 18 21 SZ?te.. 7
hours later: hours later:
1-5 63 68 T2 75 82 82 T2 69 39 53 51 38 50 50 49 59 1-5 °o 3 3 3 3 92 o o9 71 18
6 1 2 0 0 0 o0 0 1 4 4 3 1 1 ¢ 2 0 6. 3 5 2 0 0 1 5 o o
7 o o0 o0 o o0 o o o0 o o o o0 o0 o o © 7 0 0 0 0 0 0 0 0 o g
A 13 9 18 8 4 4 6 8 37 29 35 37 32 37 38 27 8. 710 13 8 6 5 5 & o 22
9 8 15 5 8 11 10 13 8 16 11 8 19 15 8 6 11 9 16 20 22 24 20 15 12 12 12 03
19 38 5 8 3 4 814 45 4 5 2 4 5 4 10 71 62 59 65 70 77 76 177 14 17
(v) Starting time state = J (e) Starting time state = 6 5 Table 2: A selection of 0900/1500 transition probabilities for Melbourne
Starting time Starting time : weather states for thirty-eight synoptic types (based on data
State 3 00 03 06 09 12 15 18 21 00 03 06 09 12 15 18 21 . 1960-78 inclusive).
hours later: Three precipitati - cm s .
-5 68 77 78 73 19 80 T6 75 2 c 5 3 6 6 5 A namelyp: ipitation state transition probabilities are examined
6 1 o 1 0 0 1 1 1 80 74 70 39 20 65 86 T7
7 o 0 O o0 O 0 0 o0 O 0O O O 0O O 0 o (a) the probability of the weather state at 1500 being one of the
8 13 12 11 15 11 10 11 10 5 5 8 15 14 8 4 5 flye precipitation states (1—5) given the state at 0900
9 1 6 6 9 7 7 T 8 3 4 6 15 20 6 2 5 being one of these states.
| 10 7T 4 5 3 2 2 5 6 8 11 11 29 40 15 7 9 (b) the probability of the weather state at 1500 being one of
1 the 1-5 gi :
| (¢) Starting time state = 4 (f) Starting time state = 8 (6) e 1-5 glven the state at 0500 being one of 7,8 or 9.
. . _ ] c) the probability of the weather state at 1500 being one of the
Starting time Starting time 1-5 given the state at 0900 being one of "the settled
State 3 00 0% 06 09 12 15 18 21 00 0% 06 09 12 15 18 21 weather" states i.e. 6 or 10
hours later: NOTE: Weather state 7, c ing - -
: 1y a minute portion of the
1= 2 6 60 62 6 2 14 18 21 11 20 19 15 1 > [, occupying on.y p
¢ 5 51 ? 5? o o g 5Z 52 ? 5 1 o o g ? Z . data sample is included only for the purposes of completion.
7 o 0 0 0 0 0 0 0 o 0 0 0 0O 0 0 © ~ Synoptic  (a)Prob. State at (b) Prob. State at (c) Prob. State at
8 13 12 19 18 15 12 11 13 55 57 54 53 51 51 50 47 type 1500 = 1=5 if 1500 = 1-5 if 1500 = 1-5 if
9 17 15 13 16 15 15 18 18 19 15 16 23 20 22 24 25 state at 0900 = state at 0900 = state at 0900 =
10 17 10 9 6 8 8 14 15 10 8 8 13 9 8 10 10 1-5 7, 8, 9 6, 10
1 42 - 25 14
2 51 34 35
5 15 58 52
4 38 8 2
«.../Contd 5 48 18 4
.../Contd
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Table 2: (Cont)

Synoptic (a) Prob. State at (b) Prob. State at  (c) Prob. State at
type 1500 = 1-5 if 1500 = 1-5 if 1500 = 1-5 if i
state at 0900 = state at 0900 = state at 0900 =
1-5 7y, 8, 9 6, 10
6 58 13 4
1 50 13 4
& 19 6 6 Economic Implications of Rainfall Variability
9 55 11 4
10 36 18 5
11 50 . 27 7
12 11 o 7 0
13 o4 41 37
14 57 ' 24 25
15 60 16 2 J
16 60 2 0
17 25 10 4
18 74 30 0]
19 21 5 0
20 56 16 9
21 61 37 13
22 0 0 6
23 5 8 3
24 18 0 0
25 25 0 0
26 76 50 20
27 17 6 0
28 62 16 6
29 0 0 0
30 50 0 8
31 69 45 20
32 69 36 1
33 53 8 3
34 0 0 5
35 100% 5 0
36 67 7 10
37 33 18 29
38 100% 0 0

* Based on only one case
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