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Abstract
Markov chains (MCs) of first or higher order use to be employed to model daily precipitation occurrence. Since the first‑order MCs cannot satisfactorily reproduce the distribution of the lengths of wet and dry spells, the higher‑order MCs are alternatively used. The second issue addressed here concerns the annual cycle of the MC’s parameters which vary during the year, and the question stands into what detail the annual cycle should be represented. The higher is the order of MC and the more parameters are used to represent the annual cycle, the greater is the number of the parameters of the model and the greater is the error of the values estimated from the finite‑size learning sample. It may thus happen that the usage of the lower-order MC and/or less detailed representation of the annual cycle is more advantageous than using higher-order MC and more detailed annual cycle. This contribution addresses two issues:

· estimating an optimal order of MC and determining the annual cycle of the parameters for several stations in Europe and North America, and

· assessing the effect of the size of learning sample on the optimal specification of the MC model  [not presented in the poster]

The fit of the model vs. observation is evaluated in terms of the summary measures (χ2, Kolmogorov-Smirnov and Wilcoxon statistics), and in terms of the frequency of occurrence of extremely long dry and wet spells. 

Station data

station
coordinates

series (years)


LONG
LAT
ALT

from
to
length

Czech Republic








518
Praha-Ruzyně
14.28 
50.10 
380 

61
90
30

523
Hostomice
14.05 
49.83 
345 

61
90
30

561
Semčice
15.00 
50.37 
234 

61
90
30

563
Stará Boleslav
14.67 
50.18 
179 

61
90
30

572
Ondřejov
14.78 
49.92 
526 

61
90
30

627
Čechtice
15.05 
49.62 
490 

61
90
30

649
Hradec Králové
15.83 
50.18 
278 

61
90
30

659
Přibyslav
15.77 
49.58 
530 

61
90
30

636
Kostelní Myslová
15.47 
49.18 
569 

61
90
30

687
Velké Meziříčí
16.02 
49.35 
452 

61
90
30

698
Kuchařovice
16.08 
48.88 
334 

61
90
30

723
Brno - Tuřany
16.70 
49.15 
241 

61
90
30

754
Staré Město
17.43 
49.10 
235 

61
90
30

755
Strážnice
17.33 
48.90 
176 

61
90
30

774
Holešov
17.57 
49.32 
224 

61
90
30

779
Strání
17.70 
48.90 
421 

61
90
30

zab
Žabčice
16.62 
49.02 
179 

61
90
30











Switzerland








bas
Basel
7.58 
47.56 
317

61
90
30

dav
Davos
9.82 
46.80 
1590

61
90
30

neu
Neuchatel
6.92 
47.00 
487

61
90
30

sae
Saentis
9.35 
47.25 
2498

61
90
30

zur
Zurich
8.53 
47.37 
569

61
90
30











U.K. (from Semenov)








rot
Rothamsted (UK)
-0.35 
51.80 
128

61
90
30











U.S.A. (from Semenov)








bis
Bismark
-100.50 
46.50 


61
90
30

bo2
Boise
-116.10 
43.60 


61
90
30

car
Caribou
-68.00 
46.90 


61
90
30

ind
Indianapolis
-86.10
39.70 


61
90
30

mob
Mobile
-88.10 
30.10 


61
90
30

tuc
Tucson
-110.60 
32.10 


61
90
30











U.S.A. (from Wilks)








atl
Atlanta
-84.43 
33.65 
308

53
73
21

boi
Boise (Idaho)
-116.22
43.57 
867

53
76
24

cle
Cleveland (Ohio)
-81.85
41.40 
265

53
74
22

gjt
Grand Junction
-108.53 
39.12 
1473

53
76
24

gso
Greensboro (N.Car.)
-79.95 
36.08 
283

53
75
23

las
Las Vegas
-115.17 
36.08 
661

53
76
24

lit
Little Rock (Arkans.)
-92.23 
34.73 
84

53
76
24

okc
OklahomaCity
-97.60 
35.40 
397

53
74
22

pwm
Portland (Maine)
-70.32 
43.65 
30

53
74
22

sat
San Antonio (TX)
-98.47 
29.53 
249

53
76
24

ssm
Sault Ste. Marie (Mich)
-84.37 
46.47 
221

53
74
22

precipitation climatology
 for individual stations and seasons
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Methodology

procedure made for each station:

1. analysis of observed data. Following parameters are estimated (separately for 4 seasons):

· parameters (transition probabilities) of MC(r) models [MC=Markov chain; r=order=1,2,3,4)

· characteristics of the distributions of lengths of dry and wet periods:

· number of spells longer that 10/15/20 days (N10, N15, N20)

· maximum length of the spells (Lmax)

2. generation of 30 n-year synthetic series (n = length of the observed series for given station) with use of the MC(r) models (r=1,2,3,4)

3. analysis of the synthetic series (same as for the observed series)

4. comparison of observed vs synthetic series:

· Wilcoxon test*  [Figs. 1-2]

· Kolmogorov-Smirnov test*

· χ2 test*

· N10(obs) vs. avg[N10(synt)]** [Figs. 3-4]

· N20(obs) vs. avg[N20(synt)]** 

· Lmax(obs) vs. avg(Lmax(synt)]** [Figs. 5-6]

_______________________

*
distribution functions of the wet/dry spells in observed vs (30(n)‑year synthetic series

**
avg = average from 30 series

Comments
Comparison of distributions of lengths of dry and wet spells in synthetic vs observed series [Fig.1, Fig.2]: Figures show that the increased order of Markov chain improves the fit between observed and synthetic series. Apart from few exceptions (stations car and ind in winter), even the first‑order Markov chain may be accepted for modelling the wet spells. First‑order Markov chain may be also accepted (except for rot, tuc and las) for modelling dry spells in summer, but fails in autumn (not shown) and winter. Increasing order of the Markov chain generally improves the fit: the second order‑Markov chain may be accepted at all stations in all seasons. Third‑order Markov chain brings only slight improvements.

Number of long dry spells [Fig.3] is underestimated by MC(1) in most European stations, but overestimated in most American stations. The greatest misfits occur in autumn and winter.

Number of long wet spells [Fig.4] is underestimated by MC models in Czech stations in winter.

Maximum length of dry spells [Fig.5] is underestimated in most Czech stations in all seasons. The greatest misfit occurs in spring and winter.
Maximum length of wet spells [Fig.6] is underestimated in most Czech stations in winter
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Fig.1. Comparison of distributions of dry spells in observed (O) vs synthetic (S) series.
If |W| ≥ 1.96, the hypothesis H: O=S is rejected at 0.05 significance level.
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Fig. 2.  Comparison of distributions of wet spells in observed (O) vs synthetic (S) series.

If |W| ≥ 1.96, the hypothesis H: O=S is rejected at 0.05 significance level.
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Fig. 3.  Number of dry spells longer than 10 days in observed vs. synthetic series.
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Fig. 4.  Number of wet spells longer than 10 days in observed vs. synthetic series.
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Fig. 5.  Maximum length of dry spells in observed vs. synthetic series.
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Fig. 6.  Maximum length of wet spells in observed vs. synthetic series.
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