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Chapter I

INTRODUCT ION

Authorization

7 The Office of the Chief of Englneers, in a"msmorandum daﬁea
Februaryyaé,,l95l, requested the HydrometeoroibéicaiAéection‘éfkthe
United States Weatﬁer Bureau to §repare an eatimate of maximum
possible precipitation for a portion of the Rio Grande basin in
Texas and Mexico to meet the needs of the International Boundary’
and Wa.‘ber Co;zljmis,giqn (ImWC).

A“‘"‘""%i | | . R .

The IBWC requeste& the maximum possible storm rainfall ex-
pressed 1n terms of time, ares, and quantity . A letter dated
June 27, 1951, gpecified that the final report 1nclude estimates
of maximum possible preclpitation for the following areap:

1. '%bove Diablo Dam and belcw the Nichols site

on the Rio Grande and bhelow Red Bluff Dam on the

Pecos River," 2k hTO sq. mi,

2\. "Abo*xre Nichols site and below Fo:r’b Ouitman

on the Rio Grande, including the Rio Conchoq in

Mexico," 42,900 sq. ‘mi. |

3. ’The Rio Grande Basin between Diablo Dam and

Zapata, Texas, which 1s just above the mouth of

the Mexican tributary Rio Salado, " 12 250 sq. mi,

In aééltion, it was verbally requeeted that the Bydrometeoro;
logical Sectilon offer commehts as tékwhether ityis’meteorologi~
cally éossible for these maximum possible oonditioné to be pre-

ceded at en interval of ten days to two weeks by conditions comparable
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$0 the maximum observed snow melt and/or rainfall on the Rio
Grande above Elephant Butte Dam and on the Pecos above Red Bluff

Dam.

A_pects of the problem

| The portion of the Bio Grande Basin consiéered 1n the report
is that between Fort Quitman and Zapata, including the drainage
basins of tha Conchos and Devils Rivers ana the Pecoa River
Basin heiow Red Blﬁffvﬁesérvoir, figﬁré’é;xk .

Lack of date over much of the regidﬁ pro%éé to be & hand-
1cap which was overcome by means of more liberal transposition
than might be used in a region where the storm sample w&s nore
extensive. For example 1t was considered that there were :
insufficient éatayto eliminate the pcssibility of a'maximum‘
possible storm over the Rio Conchos in June, even though June
is usually a comparatively dry month. - .

The eastern portion of the b&sin has 3een subject to much
more 8severe flooding than the western part, the western part
being generally protected by mountain barriers from invasions of
moist air. The effect of the Balcones Escarymsnt on the major
Texas storms has been gtudied extensively by the Section anﬁ the
conclusion has been reached that the Escarpment -~ a comparﬁ-
tively minor harrier - may have caused a greater frequency of
storms. In the maximum possible case, however, the necessary
1ift could originate from convective or frontal activity Just

a8 wvell elsevwhere,
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Chapter IT

CLIMATOLOGY OF THE RIO GRANDE BASIN .

Climatic controls

Factors whichkexert’climgtic,contrcl over the basin region
are: (1) topogr@phy,\(2}ylatitu§e, (5) 1and.and'water, includ~
1ing ocean currents, (h) prevailing winds, and (5) storms.

The great diversity of climatic characteristice with regard
to termerature, rainfall, wind, clqudiness, and humidity which
exist in the Basin ié due in,po small part to the great
topographic variations to be found there. The topography of
the Basin is shown In figure 1. -The Balcones Escarpment, &
fault zone which lies outside the northeastern boundary of the
Basin, separates the Coastal Plains from the Edwards Plateau,
which forms the northeastern portion of the Basin. In the main,
this is a region of gentle rise not exceeding 5 or 6 feet to the
mile, at times interrupted by low ranges of hills. The south-
eastern part of the Basin lies in the Rio Grande Plain,

The Trans-Pecos reglon, which consists of the remainder of
the basin ares lying within Texas, 1s & section which is
geologically complex. It consists of high plains, deep canyomns,
and mountains formed in conjunction with the Rockles, of which
they are & part, Meny peaks in this section are 5,000 to 8,000
feet above sea level. The Davis and Guadalupe Mountains form
the principal chaing in this portion of the Basin, while the
southeastern portion of the Trans-Pecos region is & high, rugged,

dissected pleateau extending beyond the Rio Grande far into Mexieo
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The topography of the Basin on the Mexican side of the
Rio .Grande 1s even more varied than its Texas counterpart.
Innumerable local variations in the climate exist over most of
this region because of the topographical controls. The Mexican
portion of the Basin divides itself naturally into three sections,
the Sierra Madre Occidental, the Central Plateeu, and the
Sierra Madre Orilental regions,

. The Sierra Madre Occidental forms the western boundary of
the Conchos Basin. Thie is a region of rugged topography, -
much of ii above 7,000 feet with the mountains reachlng more
than 9,000 feet in the southern portion, ’Thisrimposing renge 1is
a barrler to the moisture-bearing winds from the Pacific,.

On the extrems eastern boundary ofrthe.RiQ Conchos Basin
lies the Slerra Madre Oriental. Less majéstic then its western
-counterpart, it nevérthBeless plays an lmportant part in the
determination of the. climate of the surrounding area. The forced
ascent of the on-shore winds from the Gulf of Mexico up.the
flanka of these mountains often produces very heavy rainfalls
Just outside the Basin. Although there may be some spill-over
into the besin area, the,air advancing~farther into the Basin is
dried. ,

- Between the two ranges lies the“h;gh.Central,P;&teau»of

Mexico. This 1is the,"tierra‘iqmpla&a?_orktemperéte,region;,
- temperate in climate because of its elevation, although sube
- tropical in latitude.
Latitude

The Rio Grande Basin, lying as 1t does between latitudes



.
26° and 32° N, should, as far as its latitude is concerned, be
meinly a reglon of subtropical climate. However, much of the
Basin is at an elevation sufficiently high to counteract the
temperature effect of latitude. The latitude’ié, nevertheless,
an important factor in the distribution and occurrence of storms
and, consequently, the amount and &is%ribgﬁion of rainfall.

Bodies of water

- Another factor which exerts domtrol over thé‘climate of the
Basin is the distribution and temperature of the large bodies of
water which 1le to the west and east (the Gulf of California and
“the Gulf of Mexico), and locally, lakes and marshes. The larger
bodies of water have, by supplylng en abundant quantity of water
“vapor a very profound influence upon the rainfall,

Winds

 Maps of the prevailing surface Winds in the basin area for
" January and July are shown in figures 3%a and 3b. The mep for
January shows that the winds tend to blow from continental
sources during the winter season as the Basin comes under the
influence of the westerly winds and their associated cyclonic
‘storms. Surface winds with an easterly component are prevalent
during the remainder of the year, eSpecﬁally during the summer
months when the continental high-pressure sreas have largely
dissipated, and sluggish low-pressure areas are traversing the
southern portion of the Basin. There is, therefore, a pronounced
wmonsoon wind movement over this @ction, l.e., movement from the

continental interior toward the Gulf of Mexico during the cold
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months and from the Gulf toward the Interior in spring, summer,

~..and autumn.

Storms
One of the most interesting phenomens to occur in the Basin

is the strong, cold, and often humid wind which blows in the

.-Winter. This wind, known as the "norther"; has been the obJject

~.of study and investigation by varlious people;~’

1,2 gome have comp~
- ared it to«the;Bora of -the Dalmatian coast; and the Mistral of -
.. France., A norther may ocour whenever a well-developed cyclone

moves acrossfthe,northern[pért;of the Basin with a pronounced
- .antlcyclone over the north-central part of the United States.
Types of storms which cause widespread rains over the Basin
during -the. main rainy season from May to October are enumerated
and.described in Chapter ILI of this-report. Therefore, no .
;\discussidnfcf summer rainfall will appesar here, except for a
fev remarks concerning hurricanes. Tropical storms enter the
- Basin most frequently in the summer and fall monthe, the Carribeen
Sea and the Pacific being favorable areas for the formation and
growth . of these storms.

. A map showing the general course of hurricenes which affect

Mexico appears as figure 4. Paths (2) and (4) may enter the

. Basin area.

‘1Cleveland Kbbe, The Northers of Tampico and Vera Cruz,
(MWR, V*,El: 3-893) . :

W E, Hurd, Northera of the Gulf of Tehuantepec,
(MWR, V. 57, 1—929)



. The climatic elements .

Precipitation. The average monthly precipitation at certain

selected stations in the Basin appeers in figure 6. The western
portion of the Basin has a pronounced seasonal variation of
rainfall. July to September are the rainy months, with June and
.October the transitions. Some rain, however, falls in all months.
Much of the winter precipitation, especially in the desert, comes
from extra-tropical cyclones that teke a southerly c;urse*acroas
North America, some of it coming as snow. Most summer rainfall
is the result of afternoon convection. On an average, a half to
& third of the rainfall in the reglon comes 1n one heavy shower:
vgach month,

" Rainfall in the extreme eastern portion of the Rio Grande
Bagin is distributed somewhat differently'than in the weeﬁarn
gection. There is a September maximum of rainfall with a second-
ary meximumm in May. Much of the September rainfall is due to
troplcal storme, which at times bring very heavy rains to this
region,

The central portion of the Basin forms a transitory region
- between the other two parts, with most of its rainfall occurring
during the half year.from May through October. As mentioned
previously, much of the area 1s desert, especially in the southem
part. The aridity 1s attributable both to its location within the
s&b—tropical, high-pressure belt and to;ita protected location.
The Sierra Madre Occidental is too high and unbroken to pérmit

mich moisture to enter from the west, and the Sierra Madre
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Oriental . is sufficiently elevated and unhraken to form & consid-
erable barrier to rain«bringing winds from the east | ‘kv
Figures 7 and 8 show the me&an annual precipitation &nd the
maximum,observed Eh hour precipitation in the Basin. The &ata
for the figures are based on regular observing stations in the
Basin.A Sinoe loeal sParsity of stationa and shortness of records
render the conetruction of an acourate precipltation map of the
Begin éifficult, these limitations should be kept in mind when
attempting to draw specific concluaiona from the charts |
Examination of the mean annual chart (figure 7) shows thet
topography plays a maJor role in establishing the precipit&tion
pattern with the 1argest mean annual amcunts over the Sierra
Madre Occidental and Oriental and the Davis Mountains, and the
least amounts over the desert regions of northern Mexico. Very
little north south gradient is evident the isohyets and
isohyetal centers in general are oriented north-northeast south-
southwast in the airection of the mountain ranges. The variation
in amount of mean annual precipitation 1n the Basin is mod—
erately 1arge, ranging from 1688 than eight 1nches annually at
Ojinaga, Chih.,to wore than twenty~seven inches at Creel, Chih,
The maximum.Q& hour preclpitaticn map (figure 8) exhibits
much the same distribution as the arnual ch&rt, as does filgure
9a., which shows the mean annual number of rainy days in the ‘Basin,
that is, d&ys in which O Ol inches of rain or more are recor&ed
Again, the largest amounts occur on the western, eastern, and
northern sections of the basin boundariea, while the least occurs

over the south-central part.
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Figure 9b shows the average annual number of days with
thunderstorms in the Basin. The maximum humber of recorded
thunderstérms, in excess of 35‘per yoar, occur on the southeast-
’ern edge of the Conchos Basin, while 8 minimum of lese than 15 per
k?éar occurs nearkDryden, Tei. An interesting feature of the map
is that in some areas, nét&bly in thé extfame northeastern gectim
of the Basin, mora days with thunderstorms than days with rain-
fall are reported. This may be accounted for by the fact that
many of the thunderstorms I1n the region ocecur In ‘the higher
elevations surrounding the station and. give no rainfall et the
station or else are dry thﬁnderstorms, 1.e., no rain‘raaches
the grbund. | |

f Sncﬁ is inféequént overkmost>of‘the Basin, énd except on
| £ha mountains is confined to the period from Novémber to April,
It increases generally to the westward and nortthatward, belng
heaviest in ﬁhe higher eslevations of the Trans-Pecos region.
Fort Davis, Merathon, and Kent, Tex., are theuoniy stations
\vreporting average annual amounts of énéw in excess of six inches,
although greater depths no doubt occur in the mountain ranges.
‘Sncwfall in the Basin 18 genersally &issipated quickly by the
warmth, sunshine, and dessicating win&s of the region.
ngggera‘tﬁre | o |

The temperature regime in the Rioc Grande Béain is continentel
in character wiﬁh marked varilation between winter and summer
average temperatures. (See figure 10). Jﬁne is the hottest

wonth in the western area of the Baein, Juiy and August, the
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. hottest months in the eastern portion. . In the central section

ﬁ_thafhighgst;average tgmperat§res;areVthbe found during the wmontis
of June, July, and August, with little varistion in the monthly
- averages at each station during this period. December and
. January are the col&est,monthauthioughout the Basin., The summer
. to winter température,range,is_gmphasized when extremes are
. consldered. Témperaturesﬁin,excess of 110° are not uncommon,
. especially in thaycentra;,portiqn,of-the,Basin, while subzero
temperatures have beeﬁ recorded, at many points in the Basin.
- During the summer months altitude exercises a more dominant
. control than latitude over temperstures in the Bagin.  In winter,

however, a more pronounced north-south mean temperature gradient

~ becomes established as the Basin comes under the influence of the

winter polar air masses from the north;»?Theimsan,annua; range
- of temperature is most marked in the northern portion of the
- Besin, some statlons having ranges of meerly kO°F.

Sunshine and_cloudiness. Sunshine data for the Rio Grande

- B&Sin are g%eaenteﬁ in figure 5. -The percent of the poseible
. sunshine ranges frpﬁ more then BQ“atiEl‘Paso;tQ¢leas than 60 near
Del Rio. The mean snnual number of cloﬁay and clear days are
shown in,figgres‘ilgzandjllb,ﬁ\$hefleast;cloudiness, as might be
expected, occurs over the arid Central Plateau region and the
- maximum cloudiness over the high mounteins of the westernm. -
Conchos Basin,

| Mbisture.w Graphs showing the maxim&m observed precipitable

":/water from the surface to the five- kilometer level at Mazatlan,
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‘Mex., and Brownsville and E1 Paso, Tex., for the two rainy monthe
(in the Basin) of July and September eppear in figure 12. Upper-
air soundings Tor five years of record were used in the comp-
1lation of the graphs, and the 30 highest values at each station
‘during the month were selected, representing approximately the
top 10% of ‘the precipitible-water values. The abscissa of the
graphs indlcstes the nunber of cages in which the maximum precip-
" 1table woter values equalled or exceeded the values shown by the
ordinats.
The Gulf of Me¥ico ard the Pacific Ocean are the principal

" molsture sources for air entering the Basin aves as mentioned
f*previbualy. ‘Southwesterly winds transport moist air from the

Pacific into the Basin across the Sierre Madre Occidental. Moist
 alr from the Gulf of Mexico, is t¥ansported into the Basin by
southessterly winds, and, in general, must cross the Sierra Madre
Orientel or the Davis Mountains before entering the Basin., The
waximum molsture availsble at the Paciflc source-region is depicted
by the Mazatlan precipitable-water curves,l while the curves for
Browneville typify the meximum moisture available from the eastern
gource~region.,

A co&ﬁariscn”can/thusiié made between the maximum moisture

cortent present. at the source regions with that which reaches Bl.

Paso, A station selected to exemplify the maximum moisture values

1A, L. Skancs, Mean Precinitabls Water in the United States,
Weather Buyeen Techniosl Paper No, 10 (Washingten, D. C., 1949)
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to be found in the protected area of the Basin, It may be noted
that the meximim amounts of precipitable water available in both
source regions are nearly aquivalent. The gmphe for El Paso
111ustrate, hcwever, that as the air entera 1n13,n<1 and traverses
the Sierra Madre Occidenta}. or Griental the effect of these ‘ranges
- 18 to deplete sharpl;r the amount of moisture by causing precip-
N itation on the windward slopes before the air enters the basin
area. 'I‘he average amount o:f‘ &epletion s &8s ca:n be Been from the
graphs, is nearly an inch of weter.

Fvapora.tion power. A study of evaporation from Lake Conchos

(I.ago Toron‘bo) , ’Ghih » has been made by Duryea. and 3aeh}..2 The
Lake, located in the Basin about 90 miles south of the city of
Chihuahue, is an artificlal reservoir formed by impounding the
watex;é of the Rio Conch‘,o‘sf‘ The Lake, about 4300 feet above sea
1;iavei,/ lies in & region ha.ﬂng 8 méan temperature of about 67°F,
Duryes and Haehl estimated a valué of 55 inches for the yearly
evaporation depth from the surface of the Lake, Measurements
taken in cireular pans, four feet in diameter, at La Boquilla
- Dam by the IBWC during the period 1938-1949, show an average
pan-evaporation depth of 102.29 inches. Other average pan

' 'measurements of evaporation in the Rioc Grande appesr in IBWC
Water Bulletin No. 19. In Texas they range from 55.80 inches
at Weslaco to 120.76 inches at Dryden; in Mexico, from’ 62.83

inches at Montemoreloe, N. L., to 112.58 inches at Villabe, Chih,

Q‘E J. Duryea and H, L. Haehl, A Study of Annual Evapora.tion from
lake Conchos, Mexico, (Proceedings ASCE, Sep‘bember, 1915).



B L
Chapter III. -

... STORMS TYPES AND TRANSPOSITION: LIMITS -

‘I‘his chapter deals with the typing of heavy rain aituations,
within the sha.de& area shcwn 1n figure 3.3 The area represents,
' rvoughly, the limits of transposability of sto.fms *60 ’the Rlo Gramie
Basin, a,lthough certain e‘boms can occur within ’ohe delineated li-
mits (usually near the ea.stem edge) tha.t me.y not be transposed mto
'c.he Basin Generally, the stoms typed have been those of‘ th@ wann-
er half of the year {May thmugh October) » since nearly all 1mp0r~
"tant ﬁood-proclucing s’ccms ha,ve occurred within this geriod

| Stoxms occurring in the Rio Grande Basin fall 1nto four general
types. . RIS S S Lo

' ‘Type T - Frontal ‘I‘ype ITT - Tnduced trough aloft

“mype I - ‘I‘ropical Tnge IV - Stagnam. cold plate&u ‘croug,h
L e ~aloft - TR

. Many of the very largest flood-producing storms are composed of
-3 combination of two or more storms of different types.. The most
common cpgb;ix;ation is. that of a tropical storm followed or preceded
by fror;tﬁl_m:;n.‘ .. Synthesized cambinations of storm types and intervals
of occurrence gre discuseed in Chapter V if this report. ... ..
Z‘l;e_ :ifgllgymg, ig 8. llst of repre santatiyg. storns  grouped accord~

ing to type: ...

‘ Table 1. .
'I‘ype I Fronta}. ) o
U.8.E. Number ‘Date Rednfall Center

SW 1-6  Sept. 26-30, 1901:- ~ Rociada, N. Mex. .. .
@M 313 July 21-25, 1905 - Elk, N. Mex. . . .
o0 1k June 6-12,1913  Ft. Union, N. Mex. .
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Number Date Rainfall Center
-- August 6, 1920 02-Refich, Tex. ..
CMIh - 21 May 27-29, 1925 i Eegle“Pads, Tex.
oM 5-1 June 30-July 2, 1932 Kerrville, Tex.
-~ Sept. 5-10, 1932 - -- Hormiguero, Chih.,
: : e . Muzguiz, Cosh., Mex.
: Coates Ranch, Tex.
W 2-11 Apr. 3-b4, 193k Cheyenne; .0kla .
GM 5-10 July 19-25, 1938 Eldorado. (nnJ,,Tex,.
L Chihuahua, Chih., Mex.
& 2-18 Sept. 2-6, 1940 Hallet, Okla.
M 5-18 May 20-25, 1941 Prairieview, N. Mex.
SW 3-1 Sept. 27-30, 1941 Tularosa, N. Mex.
- Sept. 3-6, 194k B. H. Davie Ranch, Tex.
- July 1-3, 1945 Kingston Ranch, Tex.
- Oct. 3-6, 1946 Pandale, Tex.
- May 9-1@, 1947 Stone, Tex.
Type II - T opical
-- Aug. 29, 1908 Monterrey (nr),
N.L., Mex.
GM 3-22 June 29, 1913 Montell, Tex.
GM 5-15B Sept. 15-17, 1919 Meek, N. Mex.
- June 16-17, 1922 Coahuila (State), Mex.
- Sept. 19-22, 1936 - Marfa, Tex.
W 2-29 Aug 31 -Sept l 191+2 Rencho Grande, N. Mex.
Type III - Induced trough aloft
-- June 1&—15, 1899 Tt. Clark, Tex.
GM k12 Sept. 9-10, 1921 ~ ' Thrall, Tex.
GM 5-16A Aug. 31-Sept.l, 1932 Substation No. 1h Tex.
-- ‘June 24, 1948 7 Wardlaw's Ranch, Tex
'I.‘ype IV « Stagnent Cold Plateau
‘I‘rough Alof‘t
QM 5-20 May 31, 1935 © D'ants, Tex.
oM 5-19 Sept. 20- 23, 19hl McColleum Ranch, N, Mex.
O’bserved Combination Storms
GM 3-b June 29-July 1, 1899 Hearne, Tex.

(Type
ter

{Type

(Type

IT followed 1 day 1&-
by Type I) o
Sept. 3-10, 190k

I and IT concurrent)
Sept. 17-20, 1917

I and II concurrent)

b - - o ) r"

Chihuahua ) Chih Mex .

Chihuahua (State ) Mex

Aw mass contrast weak, 'nut isobaric pattem similar to other Type
Istorms. . ° o 5 7)

T we ™

-7

Mo



- 16 -

Number : Date o Rainfall Center
- o Aug. 30-8ept. 5, 1932 Balmorhea, Tex.
- (Type II followed 3 days later by
oM 5-7 - Sept. 14-18, 1936 . "~ PBroome and Roosevelt,
. {Type II followed 3 days later by Tex.
Type 1)
-- o June 23-26, 1938 - Toyahvale, Tex.
» {(Type II followed 1 1/2 days later by -
. Type I)
-- . Sept.13-15, 1938~  Chimuahua, Chih.,
L (‘I‘ype II followed by Type. 1 e Mex.
- 2 days later) o ' '
-— Aug. 23-28, 194k B. Bunton Ranch, Tex.,
: ~(Type §I followed by Type I in 3 Meripose, Coash., Mex.
- days) - ‘ . _
- © Bept. 6T, 194k - - - Hormiguero, Chih.,
(Type I followed by Tyjpe II 2 days Mex.
later) .
- July 1-7, 1945 Kingston Ranch
 (Type I followed 3 days later by =~  and J. F. Runge

Type I) : , | Rench, Tex.

Type I - Frontal
| One of the most potent heavy~rain~producing gynoyptic srltua-

tions tha,t ca.n ocour over any part of the Rio Grande Basin is the
fronta;i. type. Modified_ po,lar air liea to the north of the front
ané 18 over»run 'by tropica,l maritime air, usually from the Gulf of‘
Mexico, bv;t under some conditions from the Pacifzc Ocean.

Strictly frontal»stoms are rarve in the southern part of the
Rio Conchos Basin during the middle of the summer season (Ju}.y)
'The max imam frequency of thils type o:t‘ storm 18 resched in September
and October.

Nearly all frontal storms are characterized by a quasl-station-
ery front; and a few, by moving éolci f‘i‘onts or fromtal waves. Pro-
ba‘bly, ’che mountainous terrain prohibits wave development of the

type seen .’m the cen‘ora.}. United States The moving system, even
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.when accompanied by a squall line, results in smaller railnfall amounts
than the quasi-statlonary fronts, other things being equal. The orient-
atlion of the fromt may vary, ranging, counter-clockwvise, between north-
wegt-souteast and north-northeast -south-southwest {vith‘the coid air
always north of the front).

Figure llea illustretes the surface synoptic map during a Type I
storm, that of May 1947 at Stone, Tex. The area of principal total
storm rainfall is indicated by shading. Upperrair charts are in-

- cluded (figures 1UYb and 1lhc), showing the approximate trajectory of
moist air at the upper levels. (Helght lines on upper level charts
are lsbeled in tens of feet). | ;

- Type Itatormé are not primarily crographic in nature, although
location of the rain center itself may be Influenced by topogrephy.
Heaviest rainfall is likely to occur.on mountein slopes facing east
and southeast - direction at right angles to the low-level wind.

Trengposition limits of Type I storms

Type I storms have been observed in all parts of the Rio Grande
Basin and, therefore, may be considered fully trans?@saple,, Place -
ment of the rainfall center, however, must be confined to slopes
with an exposure similar to that of the center ofjphe_sto?mvaakit ori-
ginally occurred. The relative orientation of the isohyetal,pattern
to major topographic barriers In the transposed location must be.
similar to that in the observed locatlon.

Type I1 - Tropical storm

A large number of flood-producing storms are,attributable, at

leagt in part, to decadent troplcal storms coming fromieither the
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Gulf of Mexico or the Pacific Ocean. Approximstely one third of the
storms studied are connected directly or indirectly with decadent
tropical storms. On crossing the Continental Divide in Mexico, the
‘Pacific tropical storms are broken up in the surface layers, dbut the
high-level cyclonic circulations can be traced as they cross the
‘Divide and move into the Rio Grande Basin. Troplcal storms from the
Gﬁlf of Mexico usually preserve their identity ~kbeﬂbt'er, occaslionally
retaining a symmetricsl surface circulation even into New Mexico.

Rainfall amounts over the Basin are smaller in the Pacific storms
because of the higher mountain barrier to the west, but in combina-
tion with fronts, the resulting storm may be very large. The center
of the tropical storm from the Pacific need not cross the mountain
barrier to give heavy rain over the Rio Conchos Basin. Pacific storms
deposit most of their rain on the western élopes of the mountains.
However, if the Rio Conchos Basin is filled with cool:air (a fromt
1ying along the Continental Divide) the ascending moist currents
from the Pacific can rise further, yielding flood-producing rains
within the Basin. :

Figure 15 shows a typical decadent storm from the Gulf of Mex-
ico over the Trans-Pecos with the rainfall center at Meek, N. Mex,
An example of a decadent Pacific tropical storm that crossed the
Divide in Mexico is that of the September 1938 stc)rm‘centered\ et Chi-
huahua, Mexico (figure 16). '

Troplcal storms have been cobserved to give rain in all parts of
the Rio Grande Basin, although the Rlo Grende Basin above Del Rio,

including the Rio Conchos, 1s beyond the limit of destructive winde
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assoclated with these storms. A large -quantity of moist air, how-
ever, is-carried aloft to great heights over the Rio Grande Basin by
the decadent tropileal storm.. This moisture ig frequently preclpitated
in heavy .afternoon showers. ' Buty if a frontal system lles over the Ba-
gin, the combination .of very moist alr plue frontel activity has pro-
duced great floods in the Rio-Conchos Besin,: for -example, the floods
of September 1904 and September L9LT, - - .7i oo

Transposition limite of Type IT s‘boxms

1.0 Theltropltal’ storm Bay:bé trénsposed to any portion of the Rio
Grande. Basin, but proper: allowance for molsture depletion must be made
for the barrier over which the moist-air is lifted. v -~

Type: IIT - Induced trough sloft ... | o

«-. It ‘has long been recognized that- many of the very heevy rains in
Texas cannot- be: explained by frontal activity, troplcal storms; or
squall lines. : Previously, in reports issued by the Section, the change
in curvature from more anticyclonic upwind to more cyclonic -down-
wind ‘has been stressed asg- a: cause: of convergence agsociated with some
Texas storms. ' Farther study hes shown that an accompanying feature
to: this change in curvature is freqxzently&én; -induced trough aloft. The
cheracteristic: synoptic situatlon of these ancmalous stoyms is & id-eei)
flow of warm air from the Gulf -of Mexlco-associated with a strong sub-
troplcal cell of high pressure over: the goutheastern United Stetes.
Priof to the heavy rain, the alr may be rather dry aloft but. -very
5 mbist near the surface. Aloft s & sharp trough between two su'btropi~
cal Eighs is observed, while at the sur:t’ace 8 cha:nge An curvafbum from

B anticyclonic to straight or cyclonic 1sobars over. the rainfall e;rea is
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characteristic. The trough asloft ie quite similar to the inhduced
" or westerly trough in {he subtroplcs ag discusged by Riehl .‘1
‘Although the presence of a tropical storm in the Gulf of
Mexico contributes to the intersity of the observed stomm over
Texas, the existence of ‘such a tropical disturbance is not nec-
essary for the production of heavy rain, =

It is proha'ble thet orographic 1ifting aids in the re-
lease of instability and, within limits, mey influence the lo-
~cation of the rainfall center. However, 'in one' of the storms stud-
~ied {Thrall, Tex., Sept. 9-10, 1921) the rainfell centér was lo-~ -
cated on the Plains at an elevation of 563 feet, ~ =

Wardlaw's Rench, Tex., storm of June 2k, 1948, has been cho-
‘gen to represent ‘the group because of the reletively large amount
of upper level data. Certain surface synoptic characteristics are
noted, however, s0 &s to 'permit typing of older storms with limit~
ed upper air data, . o7 Lo '

Prior to the very heavy rain at Wardiaw's Ranch early on -
‘the morning of the 24th no frontas had passed through the area for
ten days. A steady south-southeasterly flow of moist air was well

~egtablished east of the Presidio-Lubdock line.  To the west of

" thie line, continentsl tropical alr prevaeiled. At the TOO-mb - - -

level (about 10,000 feet) s single large subtropical high cell wab

predominent (figure LTb): =

lmehl y H., Waves in the Egsterlies and the Polar Front in the .-
Tropics, Institute of Meteorology Miscellaneous Report No 3.6 Univ.
“of Chicago, 1945. e
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A few days before the rain period, a polar trough appeared
- ‘over the northwestern Unlted States. A vigorous wave developed
on the attendant cold front about 36 hours preceding the Texas
gtorm. The wave g%ve&opment took place to the north of Texas,

and moved nbrth-northeaStwar&; A strengtbhening of the upper west-

o erly flow accompanied the wave development, and at the same time a

< 8plit was observed in the subtroplical high cell to the south.
The split, or induced trough, traveled eastward on the 23rd (fig-
ure 17¢), becoming stationary along the Abilene-Del Ric-Muzquiz
“lire on the evening of the 23rd~(figufe'i?d). C

.- The trough remalned over the Del Rio areé for about 18 hours
and: then moved glowly wesbward. The surface map & few hours prior
to the heavy rain (figure 17a) shows a stationary front oriented
northeast-southwest to the south of Amarillo.. This approximate
pogition of the surface polsr front is quite charscteristic of the
induced trough type of storm; representing the southern limit of
the westerly winde aloft. The surface pressure in the vicinity
© of the stormi tends to become lower when the induéedftrough moves
overhead, and isobars become cyclonic or stralght reather than enti-
cyclonic.

Convective activity extended sbout 200 miles to the east of
© the induced trough line, but the greatest intensity was cobserved
within a few miles east of the line. Normally the induced trough
moves eastward at about 10 to 15 mph and produces nominal point-
rainfsll asmounts, but when it becomes quasi-stationary, very heavy

locel reins are possible.
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Transposition limits of Type III storms

As pointed out previously, areas of upslope are favored places
for the location of heaviest rain, although;éijzpslope itself is not a
sufficient condition for the generation of *bile heavy rein., On the
other hand, none of the four storms studied was observed to center
on a downslope., With this in nmind, a study of the orogrephy to the
‘south of the Rio Grande Basin was undertsken. The problem was to
 find the western limit of upslope wind using the inflow wind di-
rection in the observed stormsg. A value of 160° was obtained for
the wind direction at the 700-mb level over the storm area at the
time of the heavy rain. Identical directions occurred in the 1948
and 1932 storms (those which occurred farthest west among the
storms for which upper alr data were available). The effect of
orography, therefore, ig to limit transposition of gtorms of this
type In the maximum possible case to the Devils River and lower
Pecos Basins. A line extending, approximetely, from Wink to
Dryden, Tex., was found to delineate the western 1imit of upslope
winds from the mountains south of the Rio Grande. For hydrologic
trials rotation of the isohyetal pattern to a maximumm of 20° in
either direction is allowable.

Type IV - Stagnant, cold, plateau trough aloft

Type IV storms, associated with pronounced cold, slowly mov-
ing, polar troughs aloft over the platesu region are not so numer-
ousd in the Rlo Grande Basin as are other types of storms.

The McColleum Ranch storm of September 1941 is the most ex~

_tensive storm of this type. Inflow winds approached record velocl-

ties, and temperatures aloft to the northwest of the storm area
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reached record lows for the date The deep cold trough caused un-
usua.lly moist and wa.rm air, a,dvancing f‘rom the Gulf‘ of b&xico in
the lower 1ayers and from the Gulf of Califomia s.*b upper }.evels 3
“te emrelope the Rio Grande Basinf A hurricane was si’cua‘bed near
the southem tip o:f‘ Lower California, while another tmpical storm

was centered off the Yucatan penineula in the (}ulf of Mexico. The

o presence o;t’ ‘the Facifio hurmcane produced a shar*p anticyclonic

o ridge aloft over the nor‘bhwestem yorticn c«:f’ Mexico." See figure
" 18b. The motst a,ir,when “ﬁ:‘gi;ef"i;‘jfhis‘ riﬁge s encountered a qsﬁrong
south-scutheasterly current over westem Texae and eastem New |
‘Mexico The Texas current was parb of the circulation about a
strong su‘b‘tropical High alof‘t over the eastem ;par’s o:f‘ the United
States. Evldence of convergence was observed in connecticsn with
‘the confluence of the twé currents over eastern New Mexico. Oro-
' graphy contributed to ‘the Inbensity and the placement of the rain-
£411 ‘centér on the Guadalvpe Mountains in the McColleun Ranch
" étdim. Figives 18a and 18b show the surface snd the 10,000-7%.

Chatts at the time of the firet burst of rain.‘ Approximtetm-

- r:"dectories of the Hoigt’ aif hve also shown.

Grande Pasln under consideration in this study; however, the rain~
" fa1l center of the McCoi}.eum ‘Ranch storm should be placed 1n ‘areas

of Smﬂ&r altitude and mountein mnge ‘orientation.



Chapter v
| STORM HISTORY
In this chapter, ,’the, location and a brief description of
cr}i‘cical sto_rms which havé ocqurz'ed in the Basin wi;l,be given
along ’with preliminary depth-duration-ares (DDA) curves wherever
practicable. Figures kl‘9vto 21 show the locations of the major
| Rio ‘GI‘S.I;‘iier storme discussed in the text along with the isohyet
b§unding the prinéipal rain areas in each 's‘torm. - It has not been
| ?’ea{s‘ib'};e’ to construct meps and DDA curves in all ceses ‘because of
the qurse‘:r‘zass‘qf the rain gage n_etwarks and the 15'01‘91’ a sultable
v fi;ne-breakd_own of rainfall. Examples are the ‘eto‘rms_of Sep}i}{_,
}.‘7-:20,_19:17 » and June 1617, 1922, over. Mexico and the Fort Clark

~ storm of June 1k-15, 1899, over the Devils River Basin,

Zype I storms

July 1-3, 1945. Type I_sjt‘;pmgp;n_'hhe Rio Grande Basin are
f‘ronfal ;storms, the front usual}.y being quasi-‘stgatio;?ary« in nature,
with tropicel air overrunning the frontel surface. A charact-
e:jitatic '.?;ypg I storm koc‘cﬂgrre,d in the;‘Basin; during the -per:_tkggi_ ,Qi‘LJxﬂy
M‘VL,-VB,W ;9__&5, \‘If)he area covered \by this storm consisted of most of
the Pecos and Upper Rio Grande drainege besins. The main isohyetsl
center was located at Kingston Ranch, a.l‘qng the east slopes of the
Davis Mountains. In addition; two ’ch‘e.’r;, pei;t_ers, occﬁrﬁéé in Ithe
Concihoa Basin; one at Hormiguero ana,y the gther ‘a::tﬂ San Antokniok,

Chih. In this storm, the mountain slopes appeared to play a major
pert in intensifying and distributing the rainfall. This is
generally the case in Type I storms in the Basin, where the major

centersr are ordinarily orilented parasllel to the mountain slopes
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.. and tend to form along the Davis Mounteinse in western Texas and

. .Juet -east of the Sierrs Madre Occidentel in Mexico. TDA curves
for the July 1945 storm are shown in figure 22a; with average

depth of rainfall on a.linear scale plotted against area as a

- logarithmic.coordinate.

e May 2729, 1925.  Another importent storm’of this type was

Lo that.of My 27-29, 1925. . The storm was centered at Esgle Pass,

Tex., which received 11.2 inches. of~fra;ins;‘i;:ev'»6o ‘Hours. Although
. this storm caused the fifth largest peak discharge on the Devils
_—_— ;E%Ye?‘y; much of the rain f;e.,lkif»outs_,ide -the” confines bf‘ that Basin,
DDA curves for this storm have been reproduced in Figure 22b.

 Aug. 6, 1920, . A remarksble small-area and short-duration

... Type I storm occurred on Aug. 6, 1920, when 7.80 inches of rain

..fell at the 02 Ranch. in a:five-and-one-half-hour period. The

., .rainfall, according to the OoObserver at the Rench, was mainly

confined to an &rea of epproximately 60 square miles. .~ ‘.-

oo May 9-10, 1947. . Another short-duration storm of this type
. occurred in the Basin on May 9-10, 1947. . This storm vas centered
..~ 8b Stone Ranch, Tex., (figure 1ha). - Most of the rain in this

. -Btorm fell during the 36-hour period. following 6 a.m. of the 9th,

. . DDA curves pertinent to the storm for:.that portion of the rain

which fell in the Basin west of the 1034 meridian are reproduced

In Figure 22c.

. duly 19-25, lgj&,;;,A notable large-area storm of ‘this type

occurred over the Rlo Grande Basin: during July 19-25, 1938, The

. 1isohyetal map for this storm period shoved three rainfall centers

lying within the Basin limits., The main storm center lay along
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~ the eastern border of the Devils River Basin near Eldorado, Tex.

. Becondary centers occurred over the Conchos Basin neer Chihushua
~and to the north and east of the Big Bend country, from Ft.
Stockton and Marfa southeastward tc Palestina Camp., The
orientation of the rainfall centers in this storm showed a definite
tendency to 1lie parallel to the mountain ranges. DDA curves for
“the storm ere shown in figure 23, representing the rainfall over
all of the Rio Grande Basin except the Rio Conchos.

Oct. 3-6, 1946. Another importent storm of this type was

that of Oct. 3-6, léhé s which caused an increase of daily sfverage
flowr at the Pecos River Station from 238 c¢.f.s. on October“b'i to
28,100 c¢.f.s8. on the 6th, with a peak f}.ov of 65,000 c¢.f.s. being
regletered on the 6th. The major center of the storm was located
at Pandale, Tex., and secondary centers occurred at A, L, Baugh
Ranch, Tex., and Rosetilla, Chih. Thunderstorm activity occurred
with the frontal passage and a rainfall of 9.25 inches was
meagured at Pandale during the period from the afternoon of the
5th to the morning of the 6th. This amount, so far as is known,
is the largest 2h-hour total ever recorded for any station in the
Basin sbove Del Rio during the month of October. Rains totaling
more than ten inches also fell in many parte of the Panhandle area

during the storm period.

Sept. 5-10, 1932. The most noteworthy Type I storm to occur
in the Rio Conchos Basin was that of Sept. 5-10, 1932, during which
period a total of 10.47 inches fell at Hormiguero, Chih. 'In

addition to the Hormiguero center, there was & sec.énd‘ary' rainfall

R T

-
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center df'S inches at Coates Ranch, Tex. The storm resulted in
a peak flow of 133,000 c.f.8. on September 12 at Lowef.Presiéio,
Tex., the fourth greatest discharge ever measured at that station.

Sept. 3-6, 1944, The Type I storm sometimes consists of the .

- passage of & slowly-moving cold front across the Basin. Such
storms may be preceded by & squall line, as was the case in the.
Sept. 3-6, 194k storm., The rainfall tenter for the‘stdrm was at
B. H. Davis Ranch, Tex. The rainfall ﬁéttern for the storm is
similar to those of the other Type I storms with the major rain- -
fall center in the Datis Mountains and oriented perallel to the
mountain slopes. In figure 24e may be seen the DDA curves for the
B. H. Davis storm.

Type IT storms

Sept. 19-22, 1936. Type II storms consist of tropleal storms
which have entered the Basin either from the Pacific or the Gulf -
of Mexico, Many‘éf’ﬁhese'stofﬁé disappesr &t the surface after
entering the coast and their future movements can only be traced
aloft. Such & storm was that of Sept. 19-22, 1936 centered at
Marfa, Tex. This tropical storm originated in the Carribean and
moved aloft in a westerly direction across the Basin as shown by |
the upper-alr winds. DDA curves Tor this Type II storm areﬂde?ictai
in figure 24b. f

June 16-17, 1922. Another Type II storm to occur in the Basin

was that of June 16-17, 1922, in the State of Coahuila, Mexico.
This storm resulted in the greatest peak discharge of record at

Langtry, Tex., 204,000 c¢.f.8. on June 18, 1922, As in the case of
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the preceding storm, the tropicel storm which caused these heavy
rains also had its originkin the Carribean. The storm entered the
coaft near Tampico‘on‘Junﬁ 15, and moved across Mexico in a north-
northeasterly direction. Although it 1is ratherviifficalt to be
certain because of the sparse meteoroclogical network existing at this
time, it would seem that the storm "rained out" in the mountains to
the southwest of Langtry. MostyQf,the\d;scharge;into_the Rio ;
Grande, therefore, was probably from the Arroyo del Cibo1o and nearby
streams. o

Type , IIT storms

Aug. 31-Sept. 1, 1932. The Type III storm, associated with an
induced trough aloft, has been responsible for some of the most
intense rains over the Devils River and Pecos drainagq»basins. The
Aug. 31-Sept. 1, 1952 storm, which was of -this type, caused floods
of unprecedented magnitude on the Lower Rlo Grande. The floods on
the Devils_an@ Pgcos Rivers during this period were the greatest of
record. On September 1, a peak discharge of 116,000 c.f.s. wes
measured at the Pecos River Station, and on the same date, & discharge
of 597,000 c,f.a. vgs;notea near the mouth of the Devils River. The
two read;ngs represent the grgatest;d;eoharges_ever to be recorded :
on these rivers.

The center of this storm was located at Substation No. 14 near
Sonora, Tex. Here 7.66 inches of rain was measured on August 31 and
6.08 the next day, establishing new 2b-hour and 48-hour precipitation

records for the station, DDA curves for this storm for the area
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encompassed by the Devils Riverpand Lower Pecos Basins are shown in
flgure 25,

June 24, 1948, Another memorable Type III storm was that of

June 24, 1948, The principal center of this storm occurred at
Wardlaw's Ranch, which received a total of 28’inches in less than
2k nours. As was the case in the Aug.‘jl—Sept.,l, 1932 storm, the
orientatignVof the;storg isghyetal pattern was north-aouth._‘ﬁ
discharge of 475,000 c.f.s. was measured ohhthe Rio Grande at Del
Rio June 2k. The peak discharge at the Devils River Station was
476,000 ¢.f.s., & record second only to that of the 1932 storm.
However, if the June 1948 storm (figures l?aga)Ahad_oceurred,about
Lo miles further to the north‘:orthwest with the ‘same orientation,
the amount of rain falling over the Bevila River Basin would have
been roughly doubled. Computations made by the ;BWC,have shown that
if such hed been the oase, the Devils River would have reached a
stage of approximately 50 feet, or 9 feetkabov§ﬁ§hg maximm stage
of September 1932. DDA curves for the 1948 storm,are shcwn In ‘
figure 26. |

‘June 14-15, 1899.  The copious rainfall of June 13-15, 1899

was also,produced by & Type;III storm. Eigbteen inches of‘rain fell
at Ft. Clark, Tex., in & period of 213 hours during the lhth-15th.
The etorm,1aﬁgst1mateé;to€hgyevcaueed a peak discharge of between
300,000 and, 325,000 ¢.f.s. on the Devils River. This estimated
discharge, is surpassed pnly‘by the msasured,discharges in the 1932

and 19§8,st9rms, ABecause‘Qf,the sparsity of rainfall_reporting
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gtations in the Basin in 1899, no DDA curves are presented for the
etorﬁ. |
Type IV storms
Sept. 20-23, 1914,1;. The Type IV storm is associated with a

stagnant, cold, plateau trough a;;oft end 18 hest illustrated by the
Sept. 20-23, 1941 storm (flgures 18a and 18b). Although the storm
center wes at Dave McCollsum Ranch, N. Mex., considerablé rain fell
over the upper Basin, In fact, most of %he stations in this portion
of the Basin received their maximum 2k-hour amounts of record during
the period of this storm.’ DDA curves for the portion of she*étérﬁ "
reinfall which fell in the Basin will be found in figure 2he,

Com‘binationa of e‘borm types

Sept. 3-10, 1904 and Sept. 17-20, 1917. As hae been pointéed

out previously, meny of the wréef"flow.épmdﬁciﬁg reins result from
storms which are composed of two or more storm types.

The storms of Sept. 3-10, 198% and Sept. 17-20, 1917, were
quite similar, i&etéorblogioaily. Fach resulted from a tropical
storm from the Pacific acting in conjunction with a quasi-stationary
front, (a combination of Types I and II), In addition, both storms

caused severe Jfloc':d‘ing‘ in the Rio Conchos. It has been calculated
| by the IBWC thet the September 1917 flood produced the third
nighest £lood on the Conchos, being exceeded only by the storms of
1829 and 1868, while the 190k storm ranks fourth. According to
IBWC Water Bulletin No, 8, 'theﬂl9'17 and 1904 storms would produce
the two greatest discharges of record on the Rio Grande at Lower

Presidio, assuming neither Boquille nor Elephant Butte Dam was bullt,
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Aug. 30-Sept. 5, 1932, This storm combination conslsted of a

Type IT storm followed 3 days later by Type I. The storm period
was‘initiate& by & strong current of moiat, convectively unsteble
tropical air which flowed around a decadent Pacific tropical storm
in northern Mexico and was forced up the slopes of the Davis Mount-
ains. On September 1, a different regime came into being with the
~ entrance into the region of a quasi«stationaryAfront. The upper?
basin rainfall, coupled with the induced trough rainfall which
occurred in the Lower Pecos during this period, resulted in the
unprecedented floods on the Pecos which were discussed earlier in
this chepter under the Type III heading, DDA curves 'f'or thet
portion of the rainfall which fell in the Upper Pecos have been
prepared and may be found in figure 27a.

June 2%-26, 1938, The Toyahvale, Tex., storm of June 23-26,

1938, is closely akin to the Upper Pecos storm of‘Aug. 30-Sept. 5;
1932, The June 1938 storm also consisted of a Pacific tropical
storm followed by & Type I storm one and e half days later, however,
in this case. Also, the rainfall centers in both storms occurred
within & few mlles of one another. In flgure 27b will be found the
DDA curvee for the June 1938 storm.

Sept. 13-15, 19%8. The storm of Sept. 13-15, 1938, (figure 16),

consisted of & troplcal storm followed two to three days later by
passage of a cold front through the Basin, the tropical storm being
of Pacific origin., The ischyetal map for the storm showed two
rainfall centers; the main center, which was oriented north-south,
occurred at Chihuahua. In addition, there was a secondary center at

Big Bend State Park, Tex.
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~ Aug, 23-28, 10kh. The storm of Aug. 23-28, 194k, like the
preceding’storm of September 1938, consisted of a tropical storm
followed by & cold fromt. The tropical storm associated with the
1944 storm entered the Basin from the Gulf of Mexico. The isohyetal
pattern of this storm also lay in a north-south direction with the
oanter,at the Bill Bunton Ranche Tex. Another center lay outside
the confines of the Basin at Mariposa, Coah. DDA curves for the
Bunton Ranqhﬁcenter are reproduced in figure 27c.

Sept. 6-7, 19&&.‘ The storm of Sept. 6-7, 19kk, at Hormiguero,

Chih., 1s the converse of the September 1938 and August 1944 storms
which have Jjust been discussed, The combination consisted of a
Type I follqwed_by,a,?ype II, Passage of the cold front involved
was mentioned previously under Type I in the description of the .
B. H. Davis Rench storm of Sept,_Bﬁé,,19hh. The tropical storm ceme

from the Gulf of Mexico.
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Chapter V
- MAXIMUM POSSIBLE STORMS AND CRITICAL SECUENCES

The derivation of the design storm for a particular basin con-
sists of two steps: (1) derivation of the maximum possible preci-
pitation (MPP) values for the general region of which thé basin isg
& part, ‘and (2) adaptation of the observed time-aréal distribution
" of precipitation in cobserved storms to the MPP values, the hydrolo-
gic characteristics of the basin, and meteorologiqally reagonable
critical sequences. Since step (2) involves both mefeorological'
and hydrologlc Judgment, the final adaptation 1sfusuaily made by
"hydrologic engineers after the Hydrometeorological Section has sug-

gested certain patterns for trials.

Derivation of MPP curves

The MPP curves for the Rio Grande Basin are determined by a
procesg of stom transposition and moigture adjustment. They are
the smoothed envelopments of DDA values from all storme that can be
transposed to the basin, adjusted for the meximum moisture that hes
been observed in the: bagin. The curves thus represent limiting
values for meny storns.

Transposltion ls the moving of rainfall values from the places
in which they occurred to the general area of the bagin, the values
belng raised or lowered'acoording to differences in molsture in the
two reglons. Transposition agsumes that the locstion of major -
storms is fortultous within certain pgeographical limits. 1In ef-

fect, it increases the storm experience of the reglion.
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Decision as to what sborms are transposed to the basgin is
based on meteorologicael experience. Storms are typed es to their
meteorological characteristics and, in general, s storm of large
precipitation volume of a cerbtain type is transposed to any basin
in which storms of the same type have occurred even though of =
smaller'précipitation volume. - An exceptlion is made to thig
general rule in cases where some topographic feature is import-
ant as a storm moves from sea to land or in the forced 1lifting - -
of winds in a storm by a steep orographic barrier. In these casmes
transposition is limited to regions similar with respect to these
important topographlc features. ,

The moisture adjustment factor is obtained by multiplying -
the observed rainfall values by the ratio of the maximum possible -
effective preoi?itable water in the basin to the effective preci-
pitable water in the stoym. If there is a’topographic‘harriér
between, the moisture source and the bagin, the maximum effective
precipitable water in the besin is limlted by the amount that
caﬁ pags over the barrier.

“Further details on transpositlion and moisture adJustment to- -
gether with a discussion of the basic assumptions involved, may
be found in Hydrometeorological Report No. 23; Gerieralized Eagti-
mates of Maximum Possibdle Precipitation.

Fitting of a time-areal pattern

The MPP curves for the Rio Grende Basin do not necessarily -

define, within one sgbtorm, the areal distribution for a selected
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duration nor the time distribution for a selected area within the
Bagin, Over small basins within the general area the storm pro-
ducing critical values will not necessarily };e the same stom as
that producing critical va.}.ués_over a large besin. Similarly,
different storms will control for different durations over the
same basin. The longer axis of the basin may be oriented in a di-
rection thet 1is impossible for the orientetlion of the longer axis

of an isohyetal ‘pattem;& 80-that a basgin-shape factor ls necessary

to recluce the ralnfall values. Topography may determine the loca-
tion of the major isohyetal centers within the basin.
For such reagons,. the Section mskes recommendations regerd-
Ing the pattemns thet may realistically be applied to e basin.v
These are given in one of two forme: (1) One or more of the trane-
posed storms may provide g suitable patte:m_ or patterns. Such a
cholce applies easpecially when both the basin and the region of the
cbeerved stom are level or when both are topographically similar.
The isohyetal values are determined by the moisture adjustment
described above. A limitstlon is placed on the rotat,iqn of the
isohyetal pattem.. (2) A storm actually occurring in the basin
mey be selected as a 'pg.tpe';n,,:‘ The Zadguatment to be applied to the
. 1sohyetal values is determined by either of the following two
methods of which the first is more accurste: ..
| {a) The observed DDA curves end the maxumum pos-
sible DDA curves (MPP) are drswm on separste sheets
of transpa;rent log-log paper. The observed curves

are superimposed on the maximum curves and. sghifted
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to the right until they meet at some point or
along some segment of the curves. The ratlio of
the maximum to the observed rainfall value at
that point or segment will be the adjustment fac-
tor applicable to all the observed data. Iks use
will increase the observed values to the maximum
possible for at least one ares and duration but
will ensure that the maximum possible values are
nowhere exceeded,
(b) The percentage ratios of the meximum possible
to the observed storm data sre computed for s se-
lected set of area-duration combinations, e.g.,
those of Form S-2. The smallest of these ratlos
'is the approximate equivalent of the adJustment
obtained in procedure (a).

Either procedure, then, entails preparation of incremental
isohyetal maps or their equivalent (the observed precipitation
values being adJusted by one of the two ratios) and replanimet - |
ering on the total-storm map the areas not bounded by closed iso-

hyets within the basin. A basin-shape factor 418 thus implicitly

Introduced, its value being dependent on storms that have actually
 been cbserved over the basin or that are believed transposable to
the basin. The factor will be less t;ha,n'l.o' if the orientation

of the basgin is much different from the orientation of major storms
in the region, or if storme observed in the basin have ischyetal

patterns that are of much different shape from those usual for
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major storms in the reglon.

Regults for the Rlo Grande Basin above the Diablo 'Dam site
below Nichols Dam site, 25,B70 square milies . . .

The final DDA values for the Rio Grande Basin above the .
Diablo Dem site are shown in figure 28. The controlling storme,

their types, and adjustment e.ife_a!ﬁy follows:

Table 2

T Adjust -

ment

Type U.S.E. Number Date Center Ratio
I . GM L-2) May 27- 29, 1925 Fagle Pass, Tex.  1.24
1 o0 2-18 Sept. 2-6, 191»0 © Hallet, Okla. 1.2
I GM5-1  June 30-Jul. 2, 1932 Kerxville, Tex. 0.95
I SW 2-20  May 6-12, 1943 Warner, Okla. 1.1h
IT+T oM 5-7. Sept. :L&nlfsg 1936; .Broame, Tex. 1,05
I M 5-10 July 19-25, 1938‘ Eldorade (nr), Tex. 1.04
II1 M k12 Sept. 8-10, 1921 Thrall, Tex. 0.92

Each of the com;rolling gtorms may be used for hydrologic triel
in order to obtain patterns in ktime, ,and‘space_far the MPP ovex the
Basin, Placement within the Basin shoulﬁ be confined to elopea
open to the Gulf of Mexico. The patterns for M h-el, s 2~18
GM 5-1, 8W. 2-20, (}M 5-7, and CM 5- 10 s}mulrl, therefore, be center-
ed over the gently sloping plateau area, east cf the Davis Mountains
and. Sierra Madre Oriental ; and the mjor axie of t}m isohyetal pat-
tern should not de rotated more than 20 degrees 1n either dimction
Placement of the center of oM 1@-}.2 mus‘h be restricted to a position
east of the extension of the Wink-Dryden line, and the ms Jor axis

of the isohyetal pattern should not be rotated more than 20 degrees
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The Rio Grande Basin above Nichols Dam site, 'belz::w Fort Quitman, ;

18,159 sq. mi.

The £inal DDA values cbtained for the 18,159 square miles

above the Nichols Dam eite are shown in figure 29. These

are controlled by the following étoms: |

U.S.E.
Type Number

I GML-21
I W 2-18
I oM 5-1

IT+I GM 5-7

I OM5-10

I swe-l

I sw2-20

Date
May 27-29, 1925
Sept. 2-6, 1940

Sept. 14-18, 1936
July 19-25, 1938
April 3-4, 1934

May 6-12,

Teble 3

 June 30-July 2, 1932

1943

Center
Eagle Pass, Tex.
Helliet, Okla.
Kerrville, Tex.

Broome, Tex,

‘Eldorado (nr), Tex.

Cheyenne, Okla .

Warner, Okla.

values

‘. Ad justment

Ratio
1.1%
1.10
0.8
0.93
0.92
113

0.9k

Although 1t is felt that the rainfall values for the above

storms are tméposable to the Basin, 14 is doubtful that the iso-

hyetal patterns of the controlling storms transposed to this Basin

would glve realistic e.realy distribution because of the Basin topo-~

graphy. It is recommeixded fhat the ischyetal petierns of the fol-~

lowing storme which have occurred over the Bas:in be used to obialn

patterns of the distribution in time ah& space for the meximum

possible precipitation over the emtire Besin, or a selected

portion of it.



-39 -
‘I’ab}.e L

IR ‘ SRR - AdJustment -
. Date Center Ratlo
July l~3, 1945 ~B. H Davis Ranch, 'I.'ex | 2.86

June 2326, 1938  Big Bend State Park, Tex.  2.97
‘July 19-25, 1938  Marfa, Tex. o - - . 23,8k
Preliminary Part II's for these storms are being forwarded .

under separate cover to the IBNC. T;e‘ distributlion in time and
space 1ls determined by applying the adjustment factor given in Table
L to the TDA values from the ;zattem storms, in the manner described
under (a) on page 35. ‘ |
Rio Conchos Basin above i"reé%idio, ol ,?iiij‘s-q.‘bmi .7

KVT‘he final TDA values ‘éblizyained‘f‘or thia Ba‘si‘n are shown in fig-

um{30.4 The values are controlled by the"‘f\ollowing storms:

Teble 5 ' S

- US8.E. S P o Adjustment
Type  Number Date ' Center - Ratio
T C&dh-—'é‘l Myv2‘7.~29, 1925 ' Eagle Pas‘s‘s;"(' Tex., 0.97
I o218 Sept. 2-6, 1940 Hellet, Okla. = 0.97
T 54'3_ June 30-July 2, 1932 Kerrville, Tex. 0.75
I+ GM 57  Sept. 14-18, 1936  Broome, Tex.  0.83
T SV 920 My 6-12, 1983 Warmer, Okla. - 0.79
T M 5-15b Sept. 15-17, 1619 Meek, N. Mex. = 1.23
I GM5-10 July 19-25, 1938 Eldorado (nr), Tex.  0.82
I 8W2-11  Apr. 3-h, 193h Cheyenne, Okla. ' 0.93

’I‘he use of éontrolling gtorm patterns in the Conchos Besin is not
recomnendeﬁ because of the orogmphic influenc:es The Hydrometeoro-
logical Section suggests the use of stom pa:b‘bems which have

ocourred in the ‘Basin, adgusted by the method described in (a) on

Pat P oL e . P P 4 .o
' : oo Dot N -
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page 35. A preliminary Part II for the storm 67 Aug. 25 to Sept.

10, 1932, is being forwarded under separate cover.

Rio Grande Besin sbove Zepata and belowﬁiab;o Dam gite, };;2,25{}.

The maximum possible DDA curves for the Rio Grende Basin above
Zapata and below " the Diablo Dam site are shown in figure 31.

The controlling storms and their meximum allowable adrjustﬁents are:

.. Table &
U.S.E. | ‘ . Adjustment
Number Date - Center . ’,Rvajbio
@ 412 Sept. 8-10, 1921 Thrall, Tex. 1.05
GM 3-k  June 27-July 1, 1879 ggme,imex, . 1a6
GM h-21  May 27-29, 1925 - Eagle Pass, Tex. = 1.48

The controlling storm patterns are recommended i’n: order to
obtaln time-areal distribution of the rainfell. Placement of the
center of the Thrall, Tex., stom (GM 4-12) within the Besin
~should be restricted to a position east of the Wink-Dryden line ex-
tended., The center of the Hearne, Tex., storm ’(GM 3-4) should not
be moved farther inland from the coast than it occurred.: The
Eagle Pass, Tex., storm (GM L4-21) may be placed anmhereww‘ibhinythe
Basin. The isohyetal patterns may be rotated not more than 20°

in either direction.

Critical storm sequen(:;ea ;

The Hydrometeorological Section has investigated historical
~sequences of weather occurrences in and near the Rlo Graﬁde Basin in
order to determine reasonable combina,tions of amounts and timing
of flood-producing ,shqm,spver contributing s\treamek,k The critical

L
-
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gequences were obtained by e synthesis of observed events and
meteorologicel reasoning. In same cases observed sequences have
been maintained, with appropriately adjJusted storm values: inserted
at critical times in the sequence, In other ceses, hypothetical
sequences have been synﬁhesized using stoms and storm. sequences . .
which have been observed beyond the limits of the Basin, but which
can, meteorologically speeking, occur over the Basin. The mini-

- mum time intervals allowed between storm occurrences in the synthe- '
sized sequences were béééd upm observed mjor storms in ’she vi- |
¢inity of the Be.s.’m. ; The time interva.l is based on the 1eng‘ch oi
time between maximum eh-hour perio&s of‘ rainfall in the stoms.

A. Above Diablo I)am site, below R;gg ;g ng aite,

1. Any Type II stom may ‘be ’cransposed without moisture ad-
Justment to the Pecoe area, followed a’c any time by any controlling
stom 1mmediately above Dia’blc gite aﬁjueted and transposeﬁ Thie
sequence of events 1;3 "ba,s‘ked? x;pon the ob‘s‘erved sequence ﬁuringthe
stom period of Aug 29-Sept 5, 1932.

2. Any ‘I‘ype I stom may be transposed to the Pecos area wi‘chout
moistuxre adJustment, follorwed three days later by any controlling
storm critically lcca’ced sbhove Diablo Dam site adjuerted and trans~
poaed‘ This sequence im baeed_ upon the storm period of July l =Ty

91;5, during which e cold front produced heavy rain ’ stagnated,
and was reinforced by a new polar surge “bhree days 1ater. 'I‘he
second surge could also have prod.uoe}d\ a Type IIT storm.

3. Any Type IV storm may be trangposed to the Pecos area with-

out moisture adjustment, followed st any time by any controlling
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storm critically located above Diablo Dam site adjusted and trane-
posed., Although no major storms establish/ﬁrecedent«for this se-
querice, guch & sequence is meteoroldgically-reaSOnable.

Barrier reductions to be applied to Type I and II storms when

transposed to the Upper Pecos area follow:

.Table T
S o ; : " .Reduction
U,.5.E. Number Date Center Ratio
1-6  Sept. 26-30, 1904  Foclada, N. Mex. 1,00
oM 313 July 21-25, 1905 | Eik.,'m; Mex. 1.00
6W 1-14  June 6-12, 1913 P, Union, X. 'ﬂé‘x. ' 1.00
GM he2l  May 2?;269‘," 1925 Eagle Faas, ex. 0.8k
@M 51 June 30-July 2, 1932 Kerrville, }?ex. o 0.76
e .11 April 3-%, 1934  Cheyenne, Okla. 0.88
'GM 5-10 - July 19-25, 1938’ " Fldorado (nr), Tex . | 0.8
oW 2-18  Sept. 2-6, 10k0  Hallet, Okla. 0.8k
GM 5-18  May 20-25, 1941  Prairieview, N. Mex.  0.92
CosW 34l Sept 27- 30, 19&1  Tulaross, N. Mex. 1.00
S Tmn o
M 5-15b Sept 15~17, 1919 Meek, . Mex. - 1.00

SW 2-29  hAug. 31-Sept. 1, 1942 Pancho Grande, N. Mex.  1.00

B. Above Nichols Dam site excluding the Rio Grandf above Vlephant
Butte ' ,

In the absence of an extended stomm history over the Rio
Conchos, it is recommended that for a critical sequence the maximum

posgible precipitation over the Conchos, distributed in acbordance
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with the pattern of the storm of Aug. 26 - Sept. 8, 1932, as
shown in Specisl Flood Report of the IBWC, be followed vinﬂnot
less than three days by eny of the gdjusﬁé&‘stqmg critica?lj}y |
placed gbove Nichols Dam site. During the period “6fj'Se1:t :."7'53-7:
1921, & quasi-stationary front remamea b?é’r the Conchos Bgain,
producing moderate amounts of rainfall. This was followeé;'yby the
ThMl storm of Sept. 9-10, 1921. .

C. Entire Rio Grande Basin above Dia‘blo Sam aite

| - In accordance vith the verbel request of the repmsentative
of the IBWC , the meteorological feaslibility of peak flows a‘bove
Elephent Butte and Red Bluff Dams in connection with downatream
peak storms we.s mvestigated E’or the Pecos River it ie mteoro-
logicelly poﬁaible to have ‘such flows as those which occumd :in
May 1941 or April 191k, followed at & critical time downstream
by the muxinmm possi'ble atorm |

Over the Upper Rio Grende it 1s considered posaible that

the maximum year of snowmelt run-off (;_90_5 or 1941) above Elephant
Butte may be followed at eny critical tme b’yb a maximim storm

sequence downstream.
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Fig. 30

MAXIMUM POSSIBLE DEPTH-DURATION-AREA CURVES
FOR THE RIO CONCHOS BASIN ABOVE PRESIDIO
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Fig. 31

MAXIMUM POSSIBLE DEPTH-DURATION-AREA CURVES FOR THE RIO GRANDE BASIN
BELOW THE DIABLO DAMSITE

AREA = 12,250 SQUARE MILES
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