
Hidden Markov models for linking synoptic
atmospheric patterns to daily precipitation in Bulgaria
N. Neykov (1), W. Zucchini (2), P. Neytchev (1) and H. Hristov (1)
(1) National Inst. of Meteorology and Hydrology, Bulgarian Academy of Sciences, Sofia,
Bulgaria, (2) Institute of Statistics and Econometrics, University of Göttingen, Göttingen,
Germany (neyko.neykov@meteo.bg)

The non-homogenous hidden Markov Models (NHMM) have found widespread appli-
cation in meteorology and hydrology in Australia, North and South America, e.g., in
studies of climate variability or climate change, statistical downscaling of daily precip-
itation from observed and numerical climate model simulations. Details can be found
in Zucchini and Guttorp (1991), Hughes and Guttorp (1994), Hughes et al. (1999),
Charles et al. (1999), Bellone et al. (2000), Charles et al. (2003) and Charles et al.
(2004), Robertson et al. (2004), just to name a few. However, the NHMM method-
ology still has not been employed for similar purposes in Europe. The NHMM links
large-scale atmospheric patterns to daily precipitation data at a network of rain gauge
stations, via several hidden (unobserved) states called the “weather states”. The evo-
lution of these states is modeled as a first-order Markov process with state-to-state
transition probabilities conditioned on some indices of the atmospheric variables. Due
to these weather states the spatial precipitation dependence can be partially or com-
pletely captured, see Hughes et al. (1999). In the present study various NHMMs are
used to relate daily precipitation at 30 rain gauge stations covering broadly the terri-
tory of Bulgaria to synoptic atmospheric data. A 40-year record (1960-2000) of daily
winters (October through March) precipitation amounts is used at each station. The
atmospheric data consists of daily sea-level pressure, geopotential height at 500 hPa,
air temperature at 850 hPa and relative humidity at 700 hPa on a 2.5˚ x 2.5˚ grid based
on NCEP-NCAR reanalysis dataset covering the Europe-Atlantic sector 30˚W–60˚E,
20˚N–70˚N for the same period. The first 30 years data are used for model fitting
purposes while the remaining 10 years are used for model evaluation. Detailed model
validation is carried out on various aspects. The identified weather states are found to
be physically interpretable in terms of regional climatology.

References

Bellone,E., Hughes,J.P. and Guttorp,P. (2000) A hidden Markov model for relating
synoptic scale patterns to precipitation amounts.Climate Research, 15, 1-12.

Hughes,J.P. and Guttorp,P. (1994). A class of stochastic models for relating synoptic
atmospheric patterns to regional hydrologic phenomena.Water Resour. Res. 30, 1535-
1546.

1



Hughes,J.P., Guttorp P. and Charles,S. (1999). A nonhomogeneous hidden Markov
model for precipitation occurrence.J R. Stat. Soc. SerC, 48, 15-30.

Charles,S., Bates,B., and Hughes,P. (1999). A spatio-temporal model for downscaling
precipitation occurrence and amounts.J. Geoph. Res., 104, 31657-31669.

Charles,S., Bates,B. and Vilney,N. (2003). Linking atmospheric circulation to daily
rainfall patterns across the Murrumbidgee River Basin,Water Science and Technology,
48, 223-240.

Charles,S. Bates,B., Smith,I. and Hughes,P. (2004). Statistical downscaling of daily
precipitation from observed and modeled atmospheric fields.Hydrological Process,
18, 1373-1394.

Zucchini,W. and Guttorp,P. (1991). A hidden Markov model for space-time precipita-
tion. Water Resour. Res., 27,1917-1923.

MacDonald,I. and Zucchini,W. (1997).Hidden Markov and other models for discrete-
valued time series models. Chapman & Hall, London.

Robertson,A.W., Kirshner,S. and Smyth,P. (2004). Downscaling of daily rainfall oc-
currence over Northeast Brazil using a Hidden Markov Model,J. Climate, 17, 4407-
4424.

2


