UDC 502.3

Sergejs Jakovlevs, Sandra Gusta, Eriks Tilgalis
Latvia University of Agriculture

ANALYSIS OF MAXIMUM PRECIPITATION
IN THE CENTRAL PART OF LATVIA

Abstract

In this regard, in September 2016, we studied and analysed the maximum amount of three-
hour precipitation (mm) in the six cities of the central part of Latvia: Riga, Jelgava, Bauska,
Dobele, Jurmala and Ogre. The 1996 to 2016 data were considered. Those were the precipitation
data (mm) for the warm period of the year (April to October). However, the data for the cold pe-
riod (November to March) were also considered. The work concerns: rainwater precipitation
(mm), precipitation duration (hours, sec.), maximum volume (mm), intensity (I x s'x ha™) and
flows (m x s7).

Introduction. In recent years, the water of long intense rains can be often seen on roadways
in major cities of the world (in lowlands, in corners and near aqueducts, under bridges and in un-
derground tunnels, and near rivers and canals); this creates some danger for both vehicle traffic
and pedestrians. A traffic jam is also possible — for example, when a car jams in a large deep pud-
dle. Thereby, the authors see a need for research on the way to deflect the heaviest rainwater
flows. As a result of research, recommendations will be submitted to the relevant institutions, such
as city administrations of large cities, urban development departments, Riga City Council Traffic
Department, the Latvian State Roads, “Roads administration” and others. The experience of the
Netherlands, one of the European countries, has been studied and analyzed as an example. Here,
one third of the territory is below sea level, and a large amount of precipitation may create a situa-
tion of national disaster! In this regard, great attention is paid to disposal and recycling of rainwa-
ter and storm water in the Netherlands. The scientists constantly explore, forecast, study and ana-
lyze the conditions and reasons for large amounts of precipitation fallout, the critical volume of
which can lead to a long-term "paralysis" in many areas of human activity, such as: traffic infra-
structure, public transport, passenger transportation, rural activities, construction (both general and
utilities), improvement of urban infrastructure, etc. (Jakovlevs S., Gusta S. & Tilgalis E., 2016),
(Ziemelnieks R. & Tilgalis E., 2007, 2008, 2009), (Langeveld, J.G. et al., 2016), (Boogaard F.C.,
Van de Ven, FHM. & Palsma A.J., 2008), (Kluck J. et al., 2010, 2015), (Govert D. Geldof &
Floris Boogaard, 2011).

Materials and methods. The 1996 to 2004 data were obtained from the paper files from the
archive of the Latvian Environment, Geology and Meteorology Centre, whereas the 2005 to 2016
data were obtained from the electronic database of the Latvian Environment, Geology and Mete-
orology Centre (LEGMC, 2016).

The data were obtained for the entire period for the city of Riga. The 2005 to 2016 data were
obtained from the weather station “Riga-Universitate”. For the city of Jelgava, the data were ob-
tained from the weather station “Kalnciems” as of November 1, 2002. For the city of Bauska, no
data were obtained in 2009, 2010 and 2015, since the weather station was out of service from
March 9, 2009, to September 30, 2011, as well as from April 2, 2015, to December 31, 2015. For
the city of Dobele, the data were obtained for the entire period. For the city of Jurmala, the 2005 to
2016 data are missing, because the weather station stopped its operation in 2005. For the city of
Ogre, the amount of rainfall was being registered from 2000 to 2014 by the Lielpechi weather sta-
tion. In 2014, the station stopped its operation, therefore, there are no data for 2014, 2015 and
2016 (LEGMC, 2016).
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Table 1 — Maximum 3h precipitation amount (mm) in cities in the central part of Latvia

from 1996 to 2016 (LEGMC, 2016)

No. Year City
Riga Jelgava Bauska Dobele Jurmala Ogre
1 1996 36,7 21,3 20,3 22,7 28,7 35,5
2 1997 16,0 26,7 36,8 18,1 21,2 30,2
3 1998 32,3 432 54,2* 40,8 32,1 46,5
4 1999 25,3 28,5 18,0 19,8 20,9 16,2
5 2000 27,4 19,1 17,6 16,7 68,7* 18,7
6 2001 31,8 31,8 441 34,8 31,5 20,4
7 2002 242 23,1 19,1 22,5 22.8 14,5
8 2003 14,5 20,1 25,2 14,3 18,9 31,1
9 2004 17,3 29,7 25,7 31,7 18,3 24,7
10 2005 47,2% 42.4 26,2 35,8 - 23,9
11 2006 20,0 22,2 14,3 39,6 - 19,3
12 2007 23,5 39,7 31,2 30,7 - 35,6
13 2008 14,4 22,7 16,2 12,5 - 18,6
14 2009 36,1 43,7 - 38,4 - 20,5
15 2010 323 50,2 - 44,2* - 342
16 2011 342 68,7* 12,5 28,2 - 49.4*
17 2012 28,2 22.4 19,3 28,8 - 34,6
18 2013 29,6 242 13,2 21,3 - 29,9
19 2014 414 39,2 15,5 32,7 - -
20 2015 38,2 52,2 - 22,2 - -
21 2016 39,1 35,7 17,6 30,9 - -
* — Maximum precipitation, mm X 3h'; — — No data, weather station out of service.

As seen in Table 1, the maximum amount of three-hour rain precipitation in Riga, 47.2 mm,
was registered on July 30, 2005, from 18:00 to 21:00. In Jelgava, the maximum amount of three-
hour rain precipitation, 68.7 mm, was registered on August 20, 2011, from 06:00 to 09:00. In
Bauska, the 54.2 mm rainfall was registered on July 12,1998, from 00:00 to 03:00. In Dobele, the
maximum amount of three-hour rain precipitation, 44.2 mm, was registered on July 18, 2010, from
15:00 to 18:00. In Jurmala, heavy rainfall of 68.7 mm was registered on September 5, 2000, during
the night. Ogre saw 49.4 mm of rainfall on July 28, 2011, from 18:00 to 21:00 (LEGMC, 2016).
The table also shows a large amount of rainfall (35.0 to 45.0 mm) in cities in the central part of
Latvia from 1996 to 2016.

In this work, the following research methods were used: Statistical Procession of Research
Data; Data analysis; Statistical analysis; Development of a curve for rainfall rates maximum dura-
tion with diverse probabilities.

Once the data on rainfall in the central part of Latvia are studied and analyzed, the authors
can conclude that the maximum precipitation here falls, as a rule, from July to August (rarer, from
June to September). Very rarely, the maximum amount of rain falls in May. Usually, heavy rains
fall in the evening or/and in the night (LEGMC, 2016).

Results and discussion. Based on the above data, we can draw a Figure 1 showing the actu-
al three-hour rainfall and the mathematically calculated repeatability of maximum rainfall (1 to
99%). The calculated repeatability shows how often the maximum amount of precipitation falls
(from once a year to once in a hundred years). It is a rather satisfactory result obtained from this
work, because the global climate changes are very transient, and there will be certainly more accurate
and recent data by other scientists and researchers (Latvian Building Code LBN 223-15, 2015).

Then we also have to consider drawing Figure 2 and a logarithmic scale of the recurrence
rate of 0.01 to 100.0.

This logarithmic scale shows theoretically how much precipitation may fall during the three-
hour period once a year, once every ten years, once every 100 years, once every 1000 years and
once in 10,000 years.
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Figure 1 — Maximum 3h precipitation duration curves

For example, according to Figure 2, we can see that 51.15 mm of precipitation may fall po-
tentially in Jelgava once in ten years, the amount of 72.37 mm may fall once in 100 years,
91.02 mm of rain may fall once in 1000 years, and the three-hour rainfall of 108.74 may occur
once in 10,000 years.

And for the city of Riga, this probability is: 50.46 mm — once in a hundred years, 57.40 mm —
once in a thousand years, and the possibility of 63.03 mm amount of rainfall may occur only once
in 10,000 years.
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Figure 2 — Maximum precipitation duration curves on a logarithmic scale
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But for Jurmala, there is a probability of 146.05 mm — once in 10,000 years, 114.71 mm —
once in 1000 years, and 82.91 mm — once in 100 years, etc.

Table 2 shows the detailed data of cities and the % probability of the possible amount of a
three-hour rainfall in mm.

According to Figure 3, duration of rain within the considered three-hour period was 180 minutes
(from 2:40 to 5:40), and the second period of greatest intensity lasted 115 minutes (3:05 to 05:00).
The maximum intensity "flash" was 2.6 mm x min™ at 03:10 (LEGMC, 2016).

By mathematically calculating the average intensity of precipitation, one gets [ = 14.2 mm x
180 min™' (3 h) = 0,079 mm x min™ that significantly differs from the observed maximum intensity
2.6 mm x min”' (Figure 3). After analysing hydrographs of rainfall intensity in other cities, we ob-
tained similar results and concluded that we must use in calculations the rainfall amount in mm
during a 3-hour period and that the use of these calculations to determine maximum amounts for a
20-minute period requires further careful studies. Currently, weather stations measure the maxi-
mum rainfall intensity only every 3 hours. Our future task is to develop a new method for calcula-
tion of maximum rainwater by using the available observations made by weather stations every
3 hours.

Table 2 — The % probability of the possible amount of a three-hour rainfall in mm for cities
in the central part of Latvia.

No. Probability, City
Y% Riga Jelgava Bauska Dobele Jurmala Ogre
1 0,01 63,0 108,7 99,1 62,4 146,1 77,9
2 0,05 59,1 96,5 85,7 58,4 124,2 70,5
3 0,1 57,4 91,0 79,9 56,5 114,7 67,2
4 1 50,5 72,4 60,2 49,4 82,9 55,4
5 3 46,4 62,7 50,3 45,3 67,4 49,2
6 5 44,2 58,0 45,5 43,0 60,1 46,0
7 10 40,9 51,1 38,9 39,7 50,0 41,4
8 20 36,8 43,7 31,9 35,7 39,7 36,1
9 25 35,3 41,1 29,5 34,1 36,3 34,2
10 30 33,9 38,9 27,5 32,7 33,5 32,5
11 40 31,4 35,1 24,2 30,2 28,8 29,6
12 50 29,1 31,7 21,3 27,9 25,1 27,1
13 60 26,7 28,7 18,8 25,6 21,9 24,6
No. Probability, City
% Riga Jelgava Bauska Dobele Jurmala Ogre
14 70 24,2 25,7 16,6 23,1 19,2 22,1
15 75 22,8 24,1 15,3 21,8 17,9 20,8
16 80 21,2 22,6 14,3 20,2 16,6 19,4
17 85 19,4 20,7 12,9 18,4 15,2 17,7
18 90 17,1 18,7 11,7 16,2 13,9 15,8
19 95 13,8 16,1 10,1 12,9 12,3 13,2
20 97 11,5 14,5 9,2 10,7 11,7 11,5
21 99 7,3 12,1 8,0 6,7 10,9 8,7
22 99,9 0,1 9,0 6,9 -0,2 10,4 4,5
Conclusions.

1 As a result, according to the analysis of the methods of calculating the maximum flow of
rainwater and meltwater, the authors can state that the methods require constitutional changes,
since the same formulas have been used for 42 years already. But today, we use materials with dif-
ferent properties and structure; we also use new technologies in manufacturing of products and
installation of equipment. Moreover, now the technical capabilities of the equipment used at con-
struction sites are really impressive.
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2 The methods of calculating the maximum flow of rainwater require changes, since a 20-
minute period used nowadays cannot reflect the whole picture of the precipitation intensity; how-
ever, the three-hour period reveals more details on the duration of rain intensity and "flashes" of its
maximum values. These data can be used to improve sewerage of the rain water collected from the
surface of roads, roadways, bridges and aqueducts.

3 Moreover, the study analysis shows another trend: in the last decade, the maximum rain-
fall (mm) was often registered in September and October. Then, a few decades back, the maximum
rainfall was usually observed only in July and August. Could it be caused by global climate chang-
es or by large man-induced cataclysms? We need more research, analyses and calculations to an-
swer this question.

31 r 16

2,5 -

Precipitation amount, mm

Intensity, mm x min-1

Intensity = == Cumulative precipitation amount

igure 3 — A hydrograph of precipitation amount and intensity in Bauska
during a 3-hour period from 02:40 AM to 05:40 AM, 16.08.2008 (LEGMC, 2016).
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PA3PABOTKA UH®OPMAIIMOHHO-TUATHOCTUYECKOM CUCTEMBI
OKUBJIEHU A BOJAHBIX OBBEKTOB B I'OPOIE

C npeBHUX BpEMEH 4YeJIOBEK celauics y Bozbl. [Ipu 3ToM OH permian MHOTHE poOJIeMbl, B IIep-
BYIO OYepeib, BOJOCHAOKEH!S 1 000poHBI. CO BpeMEHEM CTalli BOSHUKATH MPOOJIEMBI 3arpsi3HEHHUS
U UCTOLIECHUS peK. Pexu cranu npeBpaiaThes B CTOYHbIE KaHaBbl. Pemenus 3Tux npobsieM B KOHIIE
XX BeKa OCYILIECTBISIIOCH TyTeM pa3paboTKu U peanuzanuu [IporpaMmM 1o BOCCTaHOBIEHHIO U CO-
XpaHEHUIO peK 1 BogoeMoB [1]. st co3nanus OnaronpusiTHON cpelibl OOUTaHUS YeJIOBEKa B TOPO-
Jlax ¥ BOCCTAHOBIICHHsI peK B Havane XX Beka moHa00MIINCh 3HAYUTENbHBIE (DUHAHCOBEIE pecyp-
CBI, KOTOPBIE 3a4acTyI0 OTCYTCTBYIOT. TaKuMH MpUMEpPaMU MOTYT CIIyKHUTh pa3paOoTaHHbIE U HO K
COXAJICHUIO He yTBepkIeHHbIe «lleneBas moiarocpodHasl mporpaMma 1Mo BOCCTAHOBJICHHUIO MaJIbIX
pek u BogoemMoB ropoaa Mockssl Ha niepuon A0 2010 roga» u pernonanbHas 1eseBas mporpaMma
«Pa3Butne BonoxossiictBeHHoro komruiekca Cankt-IlerepOypra B 20132020 romax» [2].

CymiectBytoiasi B TopojiaXx TUAPOCETh OOBIYHO (DYHKIIMOHAIBHO HCIOJB3YETCS B CUCTEME
0TBOJIa U OYMCTKH TIOBEPXHOCTHOTO CTOKA. BO/IHBIE 00BEKTHI, YACTHYHO 1e(hOPMUPOBAHHBIEC TEX-
HUYECKUMHU CPEICTBAMU, COBMECTHO C TOPOJICKON BOJOCTOYHOI CEThI0 00pa3yloT €AMHYIO KOJI-
JIEKTOPHO-peUHYI0 ceTh. COBpPEMEHHOE COCTOSIHUE OOJBIITMHCTBA BOJHBIX OOBEKTOB U MPUOPEK-
HBIX TEPPUTOPUN HE COOTBETCTBYET JEHCTBYIOIIUM 3KOJOTHYECKHM M TPaJOCTPOUTENIbHBIM Tpe-
O6oBanusiM. B Hambonee HEOIAromosydHoM 53KOJIOTMYECKOM COCTOSHUM HAxXOJSTCS PEKH,
MOJIHOCTHIO 3aKJIIOYEHHBIE B KOJUIEKTOPHI U YTPATUBIINE IPUPOIHYIO CAMOOYHIIAIONLYIO CIIOCO0-
HOCTh. OCHOBHBIE 3aTrPsI3HEHMS [TOCTYMAIOT B PEKH rOpojia Yepe3 ropoCKyI0 BOJOCTOYHYIO CETh U
HEMOCPEACTBEHHO MO penibed)y MECTHOCTH C TOpOACKUX Teppuropuid. CyliecTBylomias cucrema
MOWMEHHBIX U MPUOPEKHBIX TEPPUTOPHH MpeAcTaBisieT coO00H (hparMEeHTHUPOBAHHYIO IIETIOUKY
HE3aCTPOCHHBIX TUIOMIA/ICH C YACTHYHO COXPAaHUBIINMCS O3€JICHCHUEM U MPUPOIHBIMU COOOMIEeCT-
BaMHU B Pa3JIMYHON CTAJAMU aHTPONOTCHHOM aerpeccuu. JIOoIMHBI peKk TpaHC(POPMHUPOBAHBI, MOJ-
BEP)KEHBI OTIOJI3HEBBIM ¥ 3PO3HOHHBIM TIPOSIBICHUSIM, OTIEIBHBIC YYaCTKH BOJIOOXPAHHBIX 30H
3axJIaMJICHbI, UMEIOT MECTO HECAHKIIMOHHUPOBAHHbIE CBAJKH, HE3aKOHHO pa3MEIEHHbIE MOCTPOUKH,
HEKOTOPBIE YYaCTKH PYyCeN PEK 3aBaJICHbI IEPEBBSIMH U MycOpoM. B pe3yibraTe 9TOr0 B Hacrosmiee
BpeMsI MHOTHE JKOJIOTHYeCKHEe (DYHKIIMM BOJHON CHUCTEMbI M HPUJIETAIOIUX TEPPUTOPHIA, TaKue
KaK BOJIOOXpaHHasl, YIKOJIOTHUECKas, YAaCTUYHO YTPadyeHbI, a JaHAma(THO-peKpeaiioHHbIe (PyHK-
MU TPUOPEKHBIX TEPPUTOPUIA HEJOCTATOUHO 3a/IEHCTBOBAHBI B TPAJOCTPOUTENBHON MPAKTUKE.

Jnst pemeHust mpo0aeMsl, npeayaraercst paspadborka «MHopMamoHHO-AMarHOCTHYECKON
CUCTEMBbI OKUBJICHHSI BOJHBIX 00beKTOB B ropojie». NJIC «KemuykHoe 0xkepenbe ropoia.
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