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POSSIBILITIES OF GLOBAL AND REGIONAL MODELS APPLICATION AT
PREDICTION OF RAINFALL GENERATED MUDFLOWS

Abstract. The article considers the compilation of a short-term forecast of mudflow forming sedi-
ments using numerical forecasting methods, since this factor is an important condition for the prepara-
tion of rainfall mudflow forecasts, it is necessary to determine the degree of accuracy and efficiency of
the methodology by which the forecast was made. Accurate and reliable forecasts are the guarantor of
increasing the effectiveness of protecting the population. To forecast rainfall, the US Weather Bureau
model was used and the results of forecasting rainfall and debris flows of storm origin for lle-Alatau
weather stations are shown. The results of a short-term forecast of precipitation with a lead time of 1
day and with a justification of 83% were also illustrated. For forecasting mudflows using well-known
techniques, the accuracy of forecasts for the adopted period was unsatisfactory. This attempt should
continue, since the series (daily data for the mudflow hazard period) that were used in this work cover
only 2 years.

Key words: rainfall generated mudflows, forecast of precipitations, modern models, forecast time,
forecast accuracy.
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Hecepai cea TackblHAQpPbIH 60AXKayAa TAOGAAADI XKOHE alMMaKTBIK,
MOAEAbAEPAI NaAAAAHY MYMKIHAIKTEpI

Anaatna. Makarapaa 60AXKaM XacayAblH CaHAbIK, SAICTEPi KOMEriMeH HOCEPAI CeA TacKbIHAAPbIH
KQABINTACTbIPATbIH >KayblH-LIALIbIHFA KbICKA Mep3iMAI 6OAXKaM >kacay KapacCTblpbIAFaH, ©MTKeHi GyA
HOCEPAi CeA TackblHAApbIH 6oAXay KesiHAeri 6acTbl hakTop 6OAbIN TabblAaAbl, HOAXKaAM >KacaAFaH
BAICTIH ABAAITI MEH TUIMAIAIK ABpeXKecCiH aHbIKTay Aa MaHbI3Abl. HaKTbl )k&He aK TaAFbILUTbBIFbI XKOFapbl
60OAXKAMAAP EAAI-MEKEHAEPAIT KOPFay LapaAapblHbIH TMIMAIAITIH apTTbIPYAbIH KeriAi GOAbIN TabbIAaAbI.
Hecepai »aybiH-wualbiH 60AXaMbiH xacayra AKLL aya-parbl GI0pOCbIHbIH YATICi NaiAaAaHbIAAbI
xoHe Iae AaaTayblHAQ OpHaAacKaH MeTeoCTaHUMSIAAP GOWbIHILA >KayblH-LIALIbIHAbI XXOHEe HeCepAi
CeA TacKbiHAApPbIH 6oAXay HaTuxkeAepi kepceTiaai. CoHbiMeH KaTap, 60AXam OypbIHAbIAbIFbI 1
TOYAIKTI, pacTtaaybl 83% KypamTblH >KayblH-LUAWbIHAbI KbICKA MEP3iMAI 60AXKay HaTUXKeAepi Koca
6epinai. HakTbl KOAAQHbICTaFbl BAICTEMEAEPAI MaAaAAHA OTbIPbIT HOCEPAI CEA TaCKbIHAAPbIH 60oAXKay
Ke3iHAE aAblHFaH Ke3eH, 6oMblHLLIA GOAXKAMHbIH, PaCTaAybl KaHaraTTaHapPAbIK, HOTMXe BepreH >Kok. bya
JKYMbICTa aAbIHFAH (CeA KayinTi Ke3eHAEri TOYAIKTIK) MOAIMETTEp KaTapbl TeK 2 XbIAAbI FAHA KAMTYbIHa
6aAaHbICTbI HOAXKAM >Kacay api Kapan >KaAFacTbIPbIAYbl KEPEK.

Tyiin ce3Aep: LibiFy Teri HOCEpAi CeA TacKblHAAPbl, >KayblH-LAlLbIHABI OOAXKAY, 3amaHayu
MOAEAbAEP, BOAXKAM OYPbIHABIAbIFbI, BOAXAMHbIH PacTaAybl.
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B03MOXKHOCTH NpUMMeHEeHHUsI TA0OaAbHbIX M PETMOHAABHBIX MOAEAeH
npu NPOrHo3MpoBaHUU AUBHEBbIX ceAen

AHHOTauMs. B ctatbe paccMaTpuBaeTcsi COCTaBAEHME KPATKOCPOYHOro nporHosa ceaedop-
MMPYIOLIMX OCAAKOB C MOMOLLbIO YMCAEHHbIX METOAOB MPOrHO3MpPOBaHMUA. [MTOCKOAbKY 3TOT
(haKToOp ABASIETCS BaXKHbIM YCAOBMEM MPU COCTABAEHUM MPOrHO30B AMBHEBbIX CEAEN, HEOBXOANMO
OMPEAEAUTb CTeMNeHb TOYHOCTM M 3DMEKTUBHOCTM METOAMKM, MO KOTOPOM ObIA MPOM3BEAEH
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NporHo3. ToYHble M AOCTOBEPHble MPOrHO3bl SIBASIOTCS rapaHTOM MoBblweHUs 3 (eKTUBHOCTH
3aWMTbl HaCeAeHMsl. AAS COCTABAEHWMS MPOrHO3a AMBHEBBIX OCAAKOB WCMOAb30BaHA MOAEAb
6topo noroabl CLLIA 1 nokasaHbl pe3yAbTaTbl MPOrHO3MPOBAHWMS AMBHEBbLIX OCAAKOB M CEAEBbIX
NMOTOKOB AMBHEBOIO MPOUCXOXKAEHMNS AAS METEOPOAOTMYECKMX CTaHumin Mae-Aaatay. Takxe 6bian
NMPOUAAIOCTPUPOBAHbI PE3YAbTATbl KPATKOCPOUYHOIO MPOrHO3a 0CAAKOB C 3a6AAroBpPeMEHHOCTbIO 1
A€Hb M C OMNpaBAbIBaeMOCTbiO B 83%. AA9 NMPOrHO3MPOBAHUS AMBHEBbIX CEAel C NMPUMEHEHUEM
M3BECTHbIX METOAMK OMpPaBAbIBAEMOCTb MMPOrHO30B 3a TMPUHATBIA  Nepuos  oKasaAacb
HEeYAOBAETBOPUTEABHOM. AaHHas MomMbiTKa AOAXKHA MPOAOAXKATBLCS, TaK KakK psiAbl (€>KeAHEBHble
AQHHbIE 32 CEAEOMNacHbIM MeproA), KOTOPbIE MCMOAb30BAaAUCh B AAHHOM paboTe, OXBATbiBAIOT

TOABKO 2 roaa.

KAtoueBble CAOBa: CEAEBbIE NOTOKM AMBHEBOI O reHE3M1Ca, MPOrHO3MPOBaHUE 0CAAKOB, COBPEMEHHbIE
MOAEAM, 3a6AaroBpPEMEHHOCTb, OMPaBAbIBAEMOCTb MPOrHo3a.

Introduction

The damage caused by natural disasters has be-
come a global problem in the context of ensuring the
sustainable development of humanity.

Between 1998 and 2017 climate-related and ge-
ophysical disasters killed 1.3 million people and left
a further 4.4 billion injured, homeless, displaced or
in need of emergency assistance. While the majority
of fatalities were due to geophysical events, mostly
earthquakes and tsunamis, 91% of all disasters were
caused by floods, storms, droughts, heatwaves and
other extreme weather events.

In 1998-2017 disaster-hit countries also report-
ed direct economic losses valued at US$ 2,908 bil-
lion, of which climate-related disasters caused US$
2,245 billion or 77% of the total. This is up from
68% (USS$ 895 billion) of losses (US$ 1,313 billion)
reported between 1978 and 1997. Overall, reported
losses from extreme weather events rose by 151%
between these two 20-year periods (Wallemacq et
al., 2018).

Such losses are only part of the story, since the
majority of disaster reports to EM-DAT (63%) con-
tains no economic data. The World Bank has calcu-
lated that the real cost to the global economy is a
staggering US$ 520 billion per annum, with disas-
ters pushing 26 million people into poverty every
year (Wallemacq et al., 2018).

Human life activity is closely connected with
nature. Zones favorable for life and economic main-
taining of the population are usually located in moun-
tainous and foothill areas. These areas are attractive
for their favorable climate, rich in water resources
and minerals, as well as mountain and foothills are
centers of formation and passage of catastrophic
mudflows. Therefore, in order to protect the popula-
tion from the harmful effects of mudflows it is nec-
essary to adjust its prediction correctly. High-quality
forecast is the key to timely implementation of mud-
flow protection measures (Baymoldayev, 2018).

Prevention of mudflows, reducing the influ-
ence of its harmful effects are based on the results
of various types of forecasts. Mudflow predic-
tions consist of spatial, temporal, and descriptive
predictions. Spatial forecasts consist of an assess-
ment of mudflow hazard of a certain territory, in-
cluding the definition of the boundaries of forma-
tion zones, movement and stopping of mudflows,
frequency of repetition, their origin, the main
characteristics of mudflow phenomena (Medeu,
2011).

As productive submissions of spatial forecasts,
it is possible to select maps, atlases. As one of large
works which can be used at risk assessment of eco-
nomic activity in mountain and foothill zones in
the territory of Kazakhstan Republic and gives in-
formation on distribution of mudflow territories is
- “The map of rainfall generated mudflows danger
of the Republic of Kazakhstan territory” (Stepanov
& Talanov etc., 1996). On this map are presented
groups of mudflow basins, elements of mudfiow
basins are included catchment areas, mudflow
lakes, mudflow centers, parts of mudflow basins
and alluvial fan of mudflows, directions of mud-
flows moving and 4 categories of mudflow hazard-
ous in (Fig. 1 (a)).

On the “Mudflow dangerous areas” map includ-
ing in the Atlas of emergency situations of Kazakh-
stan Republic released in 2010, are specified de-
grees of mudflows dangerous and its relating criteria
(height, slope, coefficient of prevalence of mudflow
center, sum of annual rainfall), genesis and types in
(Fig. 1 (b)).

Temporary forecasts depend on the multiple cri-
teria: beginning of mudflow phenomena influence,
assessment of long-term stages duration, emergence
period of favorable conditions for mudflows forma-
tion (in particular year), time of mudflows formation
(in day), duration of mudflows, determining of run-
off time to achieve a specific object in the mudflow
impact area (Medeu, 2018).
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Figure 1 — a) Map of mudflow danger of the territory of the Republic of Kazakhstan (1996)
b) Mudfiow danger regions of Kazakhstan Republic (Medeu, 2009)
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Mudflow temporary forecasts are subdivided on
long term, medium term, short term and super short
term. The first research in the methodological foun-
dations development of long-term forecast belongs
to Sheko (1980). Identification of bonds mudfiow
activity course curves (mudflow events) with the
defining factors course curves such as solar activ-
ity, atmospheric circulation macroforms, air tem-
perature, precipitation, the forecast of meteorologi-
cal elements course by extrapolation its long rows
are main orientation of Sheko’s works. By realiz-
ing this type of forecast author used medium scale
engineering-geological map of mudflow activity on
which imposed the zoning map of meteorological
parameters.

The next long term forecast of mudflows, which
we would present, based on the course of average an-
nual air temperature (Berry, 1990). This study is com-
monly intended to Northern hemisphere. The main
idea of this forecast is that activation of dangerous
natural phenomena, including mudfiows, most often
occurs when changing trends to cooling or warming,
when anomalous dispersions are observed in the fluc-
tuations of meteorological characteristics.

Method of forecasting for Greater Caucasus
Mountain areas were developed with several au-
thors. V.F. Perov and others developed a forecasting
method taking into account the saturation of solid
material with water and precipitation. Some of au-
thors are referred to the particular catchment area:
A.l. Zack across Armenia, G.I. Herkheulidze, E.D.
Tsereteli (Moldakhmetov, 2011) developed fore-
casting techniques of mudflows for Alazani River
basin. Yu.B. Andreyev and [.B. Seynova gave this
principle in works down the Baksan River. These
forecasts are focused on hydro-meteorological as-
pects mainly using by following criteria, such as
saturation of solid material and precipitation (Me-
deu, 2011).

A forecast of rainfall generated mudflows was
designed in the 80s of the 20th century based on the
model-statistical method for the Central Caucasus
high mountain areas. The statistical series of data on
mudflows in the Baksan river for 30 years are con-
sidered as base of last-mentioned forecast (Seinova,
2018). A number of significant meteorological indi-
cators were selected within the homogeneous geo-
logical conditions of the region: daily precipitation,
average daily air temperature per day with precipita-
tion, total precipitation over the warm period, total
positive temperatures over the warm period, rainfall
intensity.

A short-term forecasting method of rainfall
generated mudflow using mainly synoptic informa-

tion has been developed for middle mountain areas
and foothills of Uzbekistan (Lyakhovskaya, 1988).
Accuracy of adopted approach is 95% of mudflow
events caused by heavy rainfall and formed by all
sedimentary synoptic processes. The essence of the
method is determining the dependence of mudfiows
on the air masses characteristics and precipitation is
not using for this. As predictors used:

a) humidity and air masses temperature param-
eters on different isobaric (warm and cold) surfaces,
which makes it possible to determine the probability
and type of precipitation, as well as the intensity of
snow melting;

b) sum of rainfall in 3 days prior to the forecast
characterizes moisture content of slopes.

The general principles of short-term forecasting
of mudflows are given in T.L. Kirenskaya’s works.
In the framework of small data, a forecasting meth-
od is provided based on the study and definition of
mudflow forming processes. The following param-
eters are foreseen in this forecast: limiting value
of the selenium-forming slope, water consumption
with the ability to move loose-detrital materials,
granulomere composition of loose-detrital materials
and sediments (Kirenskaya, 1988).

E.A. Talanov developed a method for math-
ematical modeling of rainfall generated mudflows
and short term prediction of probability. The short
term forecast of mudflow probability in specific
mudflow center is based on the short-term quantita-
tive forecast of liquid sediments. The forecast con-
sists of 4 blocks: 1 — sediments, 2 — surface waters,
3 — erosion flushing of catchment surface and last
block of mudflows (Talanov, 1998).

Caine published a fundamental paper on the
thresholds of rainfall parameters (the relation of
mean rainfall intensity to rain duration). Based on
73 events registered in various parts of the globe
(Caine N. 1980) drew a linear relation curve de-
scribing threshold. His pioneering study found
many followers who worked on developing sets
of rainfall parameters that would account for slope
failures in various climatic zones (Crosta 1998);
(Jacob M. 2005). A complete list of those studies
(and the resulting parameters) was presented in a
paper by Guzetti et al. (Guzetti F. 2008). It notes,
among others, the duration and intensity of the
critical rainfall event (eg. daily; length in hours;
type, i.e. average or maximum), antecedent rainfall
etc. Those authors amassed an extensive literature
from all parts of the world covering a total of 2,626
rainfall events which produced shallow landslides
or debris flows. The data bank includes informa-
tion on the location, type and number of landslides,
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rainfall conditions and, partly, the lithology of the
substrate (Starkel 2012).

M. Jacob & O. Hungr described the develop-
ment of 34 authors. All of them are aimed at ob-
taining rain thresholds for the region and using them
for early warning. The critical threshold of rain is a
combination of its intensity and duration, which is
suitable for inter-regional comparisons. The devel-
opments used different indicators and their combi-
nations. We give their distribution by types of indi-
cators combinations:

—intensity and duration of rain — 5 developments;

— the amount of precipitation for the interval+
the intensity of the rain — 3 developments;

— previous rain + intensity or duration or amount
of precipitation per interval — 12 developments;

— use of a single indicator: the sum of
precipitation for the interval, or the intensity of rain
or previous rain.

The period for which the preceding rain is taken
into account varies from 2 to 45 days. The magni-
tude of the previous seasonal moisture is, for exam-
ple, 267 mm for southern California and 280 mm for
northern California. Thresholds based on numerous
data are included in the early warning system. It is
made in the USA (California), Italy, Brazil, Hong
Kong (Jacob M. 2005).

As mudfiow are the multiple-factor phenomena,
forecast methods are based on various parameters.
In present-day, it is important to minimize losses
from mudflows, to minimize the harmful effects
after the passage of mudflows, and to scientifically
substantiate protection against mudflows. For this,
it is necessary to supplement the knowledge of the
mudflow phenomenon and expand the sphere of use.
Therefore, prediction of mudflows is one of the ur-
gent problems of the twenty-first century. The most
frequent manifestation of mudflows of rain genesis
since the beginning of the last century is due to the
intensive development of mountain and foothill
areas of the Republic of Kazakhstan (Baymoldayev,
2007).

Methods of mudflow predict demand the pre-
liminary forecast them till several o’clock (untill
24 o’clock), provide gradual determination of
the area, a heating-up period and scale of mud-
flows.

An important level of development of methods
for predicting mudfiows is the definition of mud-
forming processes and critical formation conditions.
In order to form significant mudfiows, intensive
precipitation is required over a long period of time.
The conditions for the formation of floods are stud-
ied much better than mudflows. An important role is
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played by the presence of long-term actual observa-
tional series.

The only solution in this case is to calculate
the characteristics of mudflows by quantitative pa-
rameters of rain. Characteristics of mudflows can
be conditionally estimated by the layer, duration
and intensity of precipitation. In order to quantify
the mudflow hazard, it is necessary to predict the
amount, intensity and duration of heavy rainfall (Vi-
nogradov, 1980).

Until recent years it was not possible to take a
quantitative forecast of precipitation over a certain
period of time. Only on the basis of the methodol-
ogy proposed by Vall’'ner (1992) forecasts were
developed. This method is based on the analysis of
synoptic maps at various levels.

Global climate change has also affected the ter-
ritory of Kazakhstan Republic. The average annual
air temperature rises, the area of glaciers is reduced,
the nature of precipitation spread throughout the
country during the year has changed. Since mudflow
prediction methodologies rely on synoptic forecasts,
they need to be modified and updated, including for
rainfall generated mudflows.

Materials and methods of research

Fast and affordable forecasts are a basic re-
quirement of the present. According to the modern
requirements, various models of numerical fore-
casting of meteorological parameters are available.
Including obtaining a quantitative forecast of pre-
cipitation requires only a personal computer con-
nected to the Internet. For example, the international
weather service (US model), the European Center
for Medium-Range Weather Forecast (European
model), the weather forecast service under the di-
rection of the organization InMeteo (Czech model)
and others. These models are based on the continu-
ous exchange of information when processing data
from posts spread all over the Earth, using satellite
images, radar and transmitting sensors. Therefore,
accuracy their predictions is highly.

As already mentioned, it is important to
determine the quantitative characteristics of
precipitation when forecasting mudflows, it is
possible consider the amount of precipitation in the
model of the International Meteorological Service
for 3, 27, 51, 75, 99, 123, 147, 171, 195 and 219
hours (National Weather Service n.d.).

In the International Weather Bureau, despite the
weather conditions, the forecast trend is about the
same. To obtain a full image of the current conditions
in the bureau, current control is analyzed using data
from a range of radar, satellite and ground borne facil-
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ities. Forecasts are often based on computer programs
called “Analysis”, which are a graphical reflection of
current situations. At the end of this assessment, an
analysis will be conducted, weather forecasters will
work for many years at the local level, depending on
the change in the current situation over time. Digital
modeling is completely based on the forecasting pro-

cess, and forecasters analyze the daily production of
these models. The models often produce different re-
sults, so forecasts of various meteorological elements
are checked for several days.

In order to get a certain forecast, a forecast map
of Asia on the GFS model was chosen in the model
directions block (Fig. 2).

Figure 2 — Model of International Weather Bureau (National Weather Service. Model Analyses and Guidance n.d.)

The amount of precipitation forming rainfall
generated mudflows in the high mountain zone in
the next day should be 40 mm>, for the last 10 days
30 mm> and 95 mm> for 30 days, in the middle
mountain region 40 mm> per day, for 10 days 55
mm> and 110 mm> for 30 days, and in low-moun-
tain areas 20 mm>, 40 mm> and 100 mm>, respec-
tively Kirenskaya (1988). These criteria are based
on the accumulated amount of precipitation. In the
model forecast, it is possible to assume a certain pe-
riod of time and consider up to the amount of hourly
precipitation.

A quantitative forecast of precipitation is
predicted from one to nine days. The estimated
intermediate time was chosen from April to

October. The time for making forecasts is 27,
75 and 147 hours, which corresponds to 1 day 3
hours, 3 days 3 hours and 6 days 3 hours. Since
the meteorological calculation steps are equal
to 3 hours, a 3-hour collective step was obtained
with high accuracy to determine the amount of
precipitation. The territory considered corresponds
to the coordinates of 40-60°N and 60-80°E.
Precipitations are calculated according to the
meteorological posts of the RSE “KazHydromet”:
“Almaty-OGMS”, “Almaty-airport”, “Almaty-
Kamenskoe plateau”, “Ulken Almaty Lake” (Fig-
3). According to these posts, the amount of daily
precipitation is provided, which is recorded daily
from April to October.
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Figure 3 — Location map of weather stations in Almaty

Results and discussions

According to the data of the mentioned
meteorological stations, daily precipitation was
established within 7 months. Due to the fact that

it is important to conduct a short-term forecast
of rainfall generated mudfiow, there is a 27-hour
forecast for each month. In April and May there
are no precipitation days and precipitation days
(Fig-4).

Figure 4 — Days without any precipitations and days with settlings for April and May months

According to the graph in the Fig-4 13 days with
precipitation and 17 days without precipitation in
April. On the days of precipitation, it corresponds
to the forecasts of the RSE “KazHydromet”, i.e., the
predictability of precipitation is 95%, the amount of
precipitation is 61.4%. According to the State Agen-
cy “KazMudflowProtection” in April, no dangerous
phenomena occurred. However, the critical amount
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of precipitation, which is the cause of rainfall mud-
flows, is indicated in the forecast “KazHydromet”,
and in the model forecast the maximum value was
12.7 mm.

20 days with precipitation and 11 days without
precipitation were observed in May. According to
the model forecast for 12 days with precipitation, for
19 days without precipitation, which corresponds to
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the forecasts of the RSE “KazHydromet”. Accord-
ing to the State Agency “KazMudflowProtection”
in May, a dangerous phenomenon was on the 14th,
15th and 19th day of 3 events of rainfall generated
mudflows. On these days, the maximum amount of
precipitation was 12.7 mm in the model forecast
and corresponded to only one event. In the remain-
ing two days there is no precipitation according to

the model forecast. According to “KazHydromet”
forecasts, only on May 14, the accuracy of mudflow
events is expected. No precipitation was expected
on the remaining two days.

According to the graph in the figure 5, during
the summer period according to the model forecast
the maximum quantity of rainfall didn’t exceed 6.35
millimeters.

Figure 5 — Days without any precipitations and with settlings during the summer period

Figure 6 — Days without any precipitation and with settlings for September-October

According to forecasts of the RSE
“KazHydromet”, the maximum amount of
precipitation was 25-40 mm. The justification of
the precipitation forecast is 62%, the accuracy of
the prediction of precipitation is 30%. According to
the State Agency “KazMudflowProtection” in June,

July and August, no dangerous phenomena occurred.
This is consistent with the model forecast, but
provided that the maximum precipitation forecast is
not foreseen.

As for autumn months of September and
October, total number is equal to 20 days, including
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the maximum value of 6.35 mm [Fig-6]. The
justification of the forecast of precipitation is 83%,
the accuracy of the prediction of precipitation is
41.6%. The dangerous phenomenon was not taken
place.

Conclusions

The results of using the International Bureau’s
weather forecast model in predicting precipitation
is not permissible: from 116 precipitation forecasts,
82 events are justified. In this case, the model
accuracy is 65%. When forecasting precipitation,
according to RSE “KazHydromet”, 527.6 mm were
detected, according to a model forecast - 243 mm.
In line with this predictability is 46%. Forecasts
in the high mountain zone with precipitation are

difficult due to the peculiarities of the relief, it is
important to take into account changes in the relief.
In the model forecast, these features are provided
by satellite surveys. Consequently, this prediction
is more justified. However, since the scale of the
source maps is smaller than predicted, for such
forecasts it is necessary to use large-scale maps. The
time envisaged in the model forecast covers shorter
intervals (7 months), therefore, it is not enough to
present its results as accurate predictions. In the
future, continuing the series of control measures,
complementing the data, adding to the control over
several years, the possibility of forecasting should
be increased. Therefore, we consider this forecast
only in a recommendatory manner, and in the future
it may be the basis for predicting rainfall generated
mudflows.
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