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I, GENERAL DESCRIPTIONS

China lz an expansive countyry with great varlance in climate;
it spans x lorge erea both longltudinglly and letitudinally, the innere
meat avex in the weat bsing far distant from the sastemm sescoast. Con-
tinuous mouwntadn chaine contribute to a widsly varying topograpby. The
distribution of rainfsll 1s uneven, tha southsast tending towards abune
dent rainfall which graduglily decreases towsrds the northwsst, There
are more violent ralunsiorms in the sputh then in the north, mers in the
mountain aress than on thc plains, and more further inland thsn on the
gegovast, The sameunt of rainfall during vialont rainstorms ie generally
gregter in the south than in the north , and in the east than in tha
wegt, Bacange of the wuneven distributlon, the maximum smount ¢l ralne
fall ie very difficult to calovlate, Adding to this difficuliiy is the
frut that the proper method of meiing reglonal divisiens of rainstorms
te very oomplieatsd, in part dus o the bavkwardness of our metsorologe
leal hydrelegy knowledga, With the ccopsration of the Academiaz Sinica,
the ITnatitute of Hydraulic Resesrch of the Ministry of Water Conssrvation
and Elestris Pewer, the Institute «f Rallway Research of ths Ministry
of Rgilways, and the instruction of Sovist expert E. B, Pao-erheta-k'oa
u d{_tranaliteratwn of Russian nume/, we procesded to work on regulating
whe regions) ddvision of vielent ralastorms. The primury motive of our
work was Lo uey the map of the diztributisn of violent rainstorms for
design work., In this ploneer work, nistakes and defects are unavoidable,
but this giluation will be gradually corrected and improved upon with
eontinuad practics and the sogundlation of experlence so that finally
a satigfectory mathod can be derived for the csloulation of the amount
of rainfall in & sasll basin,

IX. THE PROCESS OF MAKING THE MAP OF DISTRIBUTION
OF CHIHA®S VIOLENT RATMSTORMS

In 1954, the Tostitubr of Rallway Besearch consigned the Centrsl
Heteorologicad Buresuy sud Acadenla Sinles o make the metscrolozy wap,
'“hi@ wpap was based upes the mep of the average amount of rainfzil en

the doy wi uh the most rain each yaar over z numbsr ¢f years mads by the
m%imm of HRailway Begearch, ond upen the meteorslogy map of the China
Gazattesr made by hAoademis Sinieca with references to temperatura, Lope-
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graphy, longitodinel sed Tstltedingd position, and presipltation. Thua
the whole sounbtry was divided inte the (L) Northesst Reglon, (2} Sovihe
srs Beglon, (3) Cenbrsl Reglen, (&) Southosst Coostel Reglon, (3} Scuthe
weot Platesw RBegion, (6} Stappe Begien, and (7) Dusert feglon, Hvery
rogion 13 furiBér divided inte severgl subereginms, The divisions wore
tased to g considersble degres upmm asteorologlcal dats,

In ¥arch 1957, export B, B, Puowerhetsklo-fu was invited to China
o didmest the seking of the preliminary wap of dlgtribstien of vieleunt
rednatorgg.  The fdllowing process was usedt

{4} Piret Revialos of the Mop of Blstribution of Viclent Raimstorns

‘ The revicion was bagsd uvpon the reglonsl meftscerelegy wip of the
Ingtituts of Ralluway Resaaveh, mnd upen the emount of dally and montbly
rafniall for reglomal 2ivislens, with refovences o mouatads rasgea,
topography, and wind dirsctisa. Tho wind divestion daty wes derived
Ivem Voluse I of the Chins HMeteorslozy Mep (refer to ths attached Map I,
Fronuensy of Balnfall and Wind Murostion in Chins), The informeiion
pardaialing te the qount of dedly roadnfall was baged upon the lsopleth
map of the sversge awwt ef ralofgll on the day wiith the mogt rain esch
yogr ver & number of yasrs, The Hoathly Bainfell Tsopleth Map showsd
the average swewnt of ralwfall in the monthe of May, Jung, July, Awgogt,
and Seplember (rafex to the atiached Map II, the Genersl Reploms with
Memtihly Redafelle of 100 s, 150 ms, 200 ma, 300 mm, snd 350 @), Shins
ided inte UL meglowms (vefer to the sttadhed Map ITX, the First
Revilesd Mep of the Mstribatisn of Vislent Foinastesws),

{8 Mo Sssond Revisles of the Hap of Matrioutisn of ¥isiand
Falastorse

This pevigion wae boeed on {he one provisualy vevissd snd various
vafavanoe meteriada. It wes oprinarily eoncerned with cwmpaving the
anovat &7 reisfadl e mumbor of redn hours, producisg & frewansy’
mavyve Loy wwe raglons. The ourves ware based en the dally ameant of
waiafarl, and the formule (8= ¥n) for radn denzity whish the Imabitute
o Agneids Rogearah weed (o dalevlate storsn of gherd duratisn,  (ofte
Corlaens ol the swrrer of bee neigdhering reglons was done 1n thily e
Yo neighvering reglone whiss 4ifferod in the same prebubility
%y paws seomnt of tive were thap 10% 1 the amownt of ralnfsll, twe
te roghens were srishiisbed, 1P the differance of ralnfall wis
o then LO6, the tve selghbering esglens were csmbined inte ome, If,

- eowparing the sversge sainlall of the nelghborisg regions, the diff.
renos wan o grest or different charactecdstlos wars disoovered, then
ach veglongd division waz dividad iante mers reglons, For inetance, in
the firah vevigien, alfter the Ninth sad Testh Vielesn: Ruinshomm Raglons
wars compeved, they beth were wstablished ss ssparete regiensz, Dassd

gn ke Phoheur wosn vElus lourdeth and wind directien, the Klevent:r
Yinleont Redvators Regles of the Dirsd revision was further divided into
tha 156 end 16th Viclamt Ralnstora Reglens in the second rovisicn, Thes,
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18 violent rainstern regions in the geoond revised violent rainstomn
regilonal vlan were fomad (refer to the attached Msp IV, the Second
Revision of the My of Dlstribvtion of Vielent Reinstorns),

(0} The Pinwd Mep of Distridutisn of Vielent Rainstermas

Lfter the ftus ghove.mentioned revisions, we worked jolntly with
whe Mlwistry of Water Conservetion and Electric Power, Hydrsulie Power
Burean, and the Institote of Metsorolegy to colleat railnfsll dets of
the whale cowntry in order o nuke & Ralnfsll - Rain Hours - Fraquency

Ky %
LALZE S,

(1.} The Collestisn of Bainfzll Dats

e method adopted fer r'epmg and ragﬂ.at:mg mm“nll L,.fem may
b ‘*ammi iﬁ.n Rafarence B@M Ho,10, Zone B (2 ing R a1

reap Y917 3243 in Onina, Before .L9)+, t.he min all data ws

L ‘}"3’1?3.«.1}“ hg%wa uprm th& ecllestlon of 326 stationwyears of the
titute of Ballwsy Begesrah, o sollacted rainfall data throughout
the oountiy exespiing Sinkisng, Tibed, Holnan Isgland and Taiwan, Thie
was Bossmendous sohieversnt oonsidering the erpanaive area which had to
be sonled by the dispatched psrwxm@l of the former branck institutes
af High WaY 17%%3; and arvapgcd by the Insbitute of Higaway Investigae
wlon wd Deslgn, Daring tha pw‘"m of sopying, ovoperation was obtained
frem velated Imabitutes of Railway Desiga. For example, the Institute
o:r Mateorology helped to regulate and copy daba for approximately 10C
giationeyoars, Wa ocollected data for a tolal of 2,120 station.ysara,
and adepted a total of 2,004 statisn-yesrs of recorded reinfali data,
Tae adepted dats for the staticonecgears sre shown in Table 1,

Tabls 1 The Statloneysars of the Variows Reglona
Reglion Humber Statlon-yecy's
40
82
62
306
2.0
296
174
97
by
ok
82
Ll
118
57
35
142
50
L1

TN AT T PO

=~
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gt

Total of 2,001% stationeyears
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{2) The Making 57 the RsinfalleRain daurs-Froquoncy Curves

Concrete regulating methsds were introduced in the oontonts of
Nos, 1, 2, and 3 of the roaference books, We will only briefly intro-
duce the ma’ohod and setuel work situation:

&, Data on the nunber of rain hours from reference materisls and
41 maximum number of rainfalls wers selected, and each year was reprew
sented by a numbexr, Therefore, there was a set of rainfall data fe:r
saoh hour of rainfall,

b, The afore-mentionsd sels of data wers arranged in sequence,
in a decroasing seals, and the pericd of fraquency was oslculated with
the following formmula:

«4—:-9 OuB s Where
T was the period of i‘requency, s the total of numbers in sequencw,
and N the particwlar number in the sequence,

¢, Based on selscted reference mtaaria..s. calouvlation was made
uging the following formulss ves g‘mmexzded by E. B, Pacwdrhetankinafu
frransliteration of Rugslian nemg)

4 2 s
7 ekl - - 4
C.= 7 Cpm—— ¢h ﬂgep
op
‘M—‘Lm« »”,
Ce™ (na1)eo B 3w’ . 3 o n&eam? a7

where i was the meximum amownt of ralnfall in millimeters, K = was
the sverage amount of ralnfsil in millimsisrs, and  was the ™% fotsl
muber of timee,

d. Poged en ths obtained { and c we wers abls fo chtain the
digbanee ¢ from the eenter of the ardinata along the Faarson LY Type
Curve frew the Foster's Table, From the followlng formuls, e ol
uss the caloulations of the amownt of rainfall of the various pericds
of fragusncy to make & theoretloel frequency curve:

h = Hcp (1 A‘r'f’

e, The zonvdinates for m,,r.kmg, empirical {requency dletribution
curves on logaritnmlis papar snd for comparisons o theeretical 1mquancy
curves, were based upon selectad raim“sfll data ‘and the dorresponding.,
trmpiencies, If $hé" résults were not coincident, then we could adjust
the related values of € and C and re-caloulate the theoretical frew
quency curve, The final resui®s nertified that the empiriecsl ocurves

-L%-



ware generally ceinoldest to the thedreliesl ouives,

Teed fecquensy 107 us the maximw vaiue N.), which oould ve
abtalasd frem the graph by axivapeletien to 107 on ths graph.

Inardng the dewilag procsas, we again adopted the empirioal formue
oy w§ crloviatiem of the naxisum discharge in ealc\untin: the thew
sxtdogl MMe valnes

53. ;,.z

_ e 413
amyzxapﬂzm g, )

i ramults of thin fermula »evealed that, 1n the brief narieds

of yals freguanay owevo, the theoretiszal exlisvlated from tiz folwte
La wap mare or lsas coloeldunt to tha theolWilsal curve, However, with.
an Inoreans of el woesrs, ths value of was geanerally grester, #o

wa only senmidarad it as the mzsmm polilit of the extrapolation of the
theoretiosl ourve,

Tha sotual aeximcs radniall value H& obzerved by the Inxiitute
of Watsr Consmzvation waa wsed ag a4 base sompars the ogicwiations of
LM, mizve, Ws wers avie te adiust the curve npward ¢r downward to
batier svinoids to the astual attuatien,

fo The varioas rainfall frsquency cuivos of the different time
divislens wers transfarrsd from dusl logaritamis paper to erdisary oroms
paper; then we chisined the rainfall-rain hours<frequency ourve,

hun, we niottad the rainfsil.rain hourseirequency curve of 19
7iglent ralngtorm veglons, (refer Lo atiached Heps VI « XEIIL).

Gt wabhod od Avawing the curves waz slightly different from the
one deyordbed in refersnod buvks Nos, 1 & 2, The dliferences were the
Tollowlngs .

{a) Tn the rslerence books, the data was obtained by tha extension
oF tha aurve hy wtiliszing the French curve, but we used the Poarmn IIT
Tyrpn Suawe .

{) Cur wethod of extanding the curve was ¥ B interpolation, It
was ool suliable Lo use Hm, axteneion, -

(o) We bagan with a fragusnsy perioci ol one year, ainos in a one
to bwo year peried, B0% of the points intersestsd with the ocurve at
Adffarmt inatances. ,

faring the procsssing of ths cerve, ws realized the following:

{a) The data waz net adsquately representative of all situations.

w5



EXR 31&%1 1 there wers more than 200 stabtisneysars renvesented, the value
of O, mm net geod mough on some suTves, zre:n‘,mmyg e &Mt:mn B
Tweon C}v and C& wad adeguate,

(b} fltheough we adopted the ;;W axtenalon owpve, yel wo way
uazble to apoly the curve in ell eagdd; semetimes we soly néed k .m
the reference peint, Thuw, ou curve axtension, there was a certdin
degras of subjeohivity,

{3) The Adjustment of the Vielent Rulnstorm Reglons

Fer the cmmpa jwon of reinfalle-csdn hours-Dreguaney eurves of
:wfmg reglons, i:,a@ x‘&gi@nai division of the sscond revissd map
f‘me the distributien of violent raingtorms wae .t‘undzmﬁntally adequae ,
The methed of compardson was the sawe ag the ene adopled in the sscond
reviged wap. Dring the cmmy;;’r.ﬁ:a n process, we dlsesvered thal thare
ware a mamber of frequency curves which weves similar and there was very
‘imi’e’a differencs in cerfuin t:mm* ssationa, We used the reg-nﬁar highe

:ymadcmtm i amah,;.,,, ities of m.kiz }.m,” 1esd, and 1Lik00 and shorie
**mz: nours m & standayd of comparizon %:Lem the diff{erence batwean
thase probab Mmh and short ‘»xm mmr diviglons were greaher than 10%,
shen we setablished geparaty roglang

The gounerazl resvlts of curve cosperison ware the fellowing: in
some reglons, the 1:27and 1:5 frequ aancy eurves did not differ grestly with
thet af nelghboring roglons, and sems were simest colnoldent. This
phwsomesen Ls rea sls, The freguencies of the wmest reglons wels 13
1,000, 1110, 004, amci LiMMecrores bhat differed more than L0F wiih that
ol nelghvoring regmzm‘ "fnif revesls thet the amcunt of reinfall during
rare wiolent reinsberms was very much different., After & comparisen
hased on the ewrres was mm,, it wag deoided that the fellewiny veglons
Fi4 not nesd to be sdjusted:

-

The regional Asien numbers were basged on ths sscond i t‘e..LSt“ﬁ.

deaft, We ostablished the Plrst aad Sscond reglons hased en & s
‘,4&"*’1 af the carves, However, the southern parts of thaszs two w 3.
Lackude g small part of the seulb bank of “he Tz.o},law River, s, alisr
samindng the different rolufells for the south w0l werth banks of the
Yallou Biver, we moved the sewibern boundaries of thege tde reglons to
S Tnilew River,

For the Third snd Fovrth Regleons, the relafdll differencas of most
shert eain howues were ovar 109, Par k,é?'f'miﬁs of 1";&11‘7 with durscisng
grester than O00 wiamtes, the Alffsvence waz less, We considered T'aie
snan Mowntaln Range in ",}"i‘ Shantung Pendnsula, RBecause of the topography,
A% OWES Recossary 4o amtablish sn independent reglon, 5o we wmoved the
regional boundaries to the Yellow River, the Shu Rlver, and the Grand
s,

o
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For the Seventh and Eighth Heglons, we moved the reglonal bounde
aries t¢ ihe wotarshed of the Han Rlver and the Chin.lung River,

Regarding the 10th and 1%tk Regisns, we mads Yunnen the 19th
Reglon, A oomparison of the curves showed most surves of the two regions
with a differsnce of less than 10¥%: thersfore, thess two regions could
be combined [rom the viewpoint of rainfall, However, bscaunse of the
varlance of topography snd wind dirsctions, especislly since the 1Gth
region is 2 part of the Henptuan Mounbtzin Range, it wes more sppropriate
to setavlish separate regions, Dus te the faot that we had no refarence
data gn the northern part, we temporarily considered a North Latitude
ef 28° ag the northem boundary.

When we compared the curves of the Southern Shemsl Vielent Rsine
storm Reglon az divided by the First Rallway Design Institute to that
#f the 12th Reglon, we discevered grest simllarity between the two,
Therelore, we denided to sxtend the 12th Region southwsrd to border on
Tawps Shan, and o eriend 4 sputhwestward 4o include the greater part
of the wpper giresms of the Wei River and the Chis<ling River,

In nomparing the curves of the 15th, 17th, aad 18th Reglons, we
dlscovered s diffarsnce of lass thay L0% between the 15th and 17th EBe.
giops, The mowntain terrain esnsisted in the Uhlangepsi-chan Mouataln
Range covering the south of the 17th Reglen, There were no meuntaine
betwaen the 15th and the 17th Begione, topography and wind divection
wers similar. Therefors, we decided to combine tha 17th reglon with the
15%h reglien. Howsver, becauss of the mountaln range, we extended ths
18th Beglon northesstward to bordsr on Lungekang Shan,

Pertaining to the 18th Regisn, ths mountaln terrain caussd us to
axtend the 16th Reglon southwestward to include Chinchow,

In affect, by such adjusbmends, we sbolisped. the 17th Reglion and
added the 11th Reglos o a total of 18 vicelent rsinstorm regions, The
{ollowing Table @ compsres the flmal regional divisions with that of the
second revisasd dreft of reglonal division,

Table 2
Dralt of Plan . Regionsl Divisions

Sezand Revized Dealt

ft
™
PAS

k5478610111223 18151617 18

Fingl Plan 1235656786 101213 14151617 18
The 19tk Reglen of the sscond reviged draft was re.divided into

The finsdl reaulis of the research on the distribution of vielent
reingstorns can be seen in the Map of the Dlstribution of China's Violent

-7&.



Rednstorms (sttached Map V),
{i+] The Boundaries and Scopes of Distribution of Violent Reinstorms

Bea Tablie ? for the respective houndariss snd swopss of the
various reglone:
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IIT. APPLICATIONS OF THE DISTRIBUTION OF VIOLENT RAINSTORMS

The primary wotive for regulsting the reglonal distribution of
violent rainstorms 1s to be able to caleulats the violent rainstorm rune
off of small basins, This information is of great sssistance in the cale
culation of water discharge in designing small bridges and slulcee, The
regional dlstributien of violent rainstorms has the followlng advantages:

{4) With knowledge of the quantity of run«off of violent raine
pharms, we can ascedrtain the amount of water discharge under any climatic
conditions, and the technieal standard for any fleod surpassing the
probapility, In addition, this knowledge makes it posaible to predict
with & falyr degrea of accuracy the maximum discharge, MM., of sny
basin, -

(B} A knowledge of the quantity of runeoff of the violent rain
storns Lo belplful in designing small bridges and slulces, OGenerally
speaking, varistions in the cocurrence of vielent rainastorms are more
regular than the varietions of diaschargs. FPresently, if the samall baain
dlacharge data is insufficlent and diffiewlitles arise in the caleculation,
then approximate calculatlons of the data of vioclent rainstorms can be
made by ubtilizing the avallable rainfall data,

() With the aid of abundant reference materisls, we can draw the
violent rainstorm isopleth map and substitute 1t for the msp of the rew
glongl distribution of violant rainstomms. Under present condltlons,
hecause of the lack of data, we are unable to make any detalled divisions
or even to draw a very accurate isopleth. For instance, in a ceriain area
there occurred, for the first time, especlally big violent rainstorms.
This does not mean that this spot should become an independent region,
sirice neighboring reglons did not alsc have the same ocourrances, We
cdnnot construct a detailed leopleth on the basis of the flimsy data
which we now have, and hops to obtain any accurate resulis, In adopting
the data of observation yesrs from the observatlon station and in regue
lating the frequency period of the reglons, provided that the regicnal
topography is not extreme, the frequency of rainfall will be generally
wiform throughout the entire reglon, The frequency perlod is one of the
important indsxes of owr design work, :

Mithough the regional division of violent rainstorms has its de-
focts, becsusge s the urgent need which construction problems present,
we should not walt until ressarch has heen complated, The best method
nf solving the preblems is to utilize the present results of scientific
vesearch in actual situations to make for practical appiicatien, In
the initisl stages, this method is perhaps more crude, However, with
* further progress in regsarch, gradual fulfiliment of objective conditions,
mmd the accumulation of practicsl experience, asccuracy and the method
itself will Le improved graduslly,

“13 -
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Thoe eegionel division of vielent rainstorms is still orude, In
the umm wi dherld obtain sai‘zicient raiafail data in relation to the
cause of vislent reiratoms in order t0 maks more detailed divisions,

Beosuge of & deliclency of somprenensien of the rainfall noms of
eortaln wreas, we are still masble at preamt to represent the actuml
reinfoll of partiovlar lesalities, In practiosl application, we can
saiugh '%*ha avsilsble rainfall duota of & partiowlar loculity on the basis
of availabie rainfall data feom the reglonal divisien,

In order to fully take sdvsatege of ocur csleulated discherge ine
formabion 1n neeting the nasds of the musses, we hops that the transport.
ption divisions of every province aed evsry special distriot will apply
taks data to thelr partioiar lookl elimatis situation in order te regu.
late tha quantity of meoff of the local ares and the loeal reglon,
Whethier o not the rag‘im sheve the level of special distriot ean sdopt
the slatloneyear methed le =2 wnder dlscussion, However, in ths mone.
scon wind reglon, where the arsa of rainfall is 1arge, it may be ralning
throughout the area but in varying degrees, This 18 io say that meximoe
rainfall recorded centernially ty statioms at the ceaters of violwat
rainstorms does not held for the more mumcte reglons where the recerded
rainfall may be grester or lesssr. Thersfore, slthough cauessz mer bhe
similar, quantity and freguensy wey vary and can be considered Indepene

With the coneern and leadership of ithe Parly =and the sasistence
from relabed vrdts, we ovantually completad the mep of Chinals reglonal
c%iw“ rimation of vinle;rt rajngtorms, Howevsr, besavss of the shortuge of

Lme and the delicléray in labor, there ave many shorboomings and nany
prebloms remaln, We expsct the varleus Trsterasl mhils, prasticsl wnd s,
ard anports to aszsist in mprw** 1g onr map of the ragiozwl distrlibution
of wislont reinstems by offoving thelr more knowledgeable viswpslints,

mt’ﬁti‘}.‘ the conplotion af the regesrch on regilonsl distrivutisn of
r:wmwﬁm, we gharted e mgtﬂ.ata the gquaatity of mism.off of
regiong to pest the preduchion mquirenmts. If 1t 1e feasmibls
N'\;.: e ";r*:-%mg%:r%‘mm wits of voarisus areas, they can utilize this
o gleng wibth "'«mm‘w‘;ge gf ieosl charasheristics of oclimate
 roegvabe the reglonal dlstribution and quentdty of rune.off of their
prhhonl ey Jrass.
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V. APPENDIX

(A) The related Maps of Distribation of Vielent
Rainstorms (refer to the five wmaps)

[odividual maps have been divided into four
ssction® and zeguence of arrangement should
bs in the order bslowy/
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(B) Rightess Charts of Ulstribubion of Vielent Rainstorms
for Ralnfall-Hain Heurs-Fraguency Curves
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