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NAVAL PACI FI C METEOROLOGY AND OCEANOGRAPHY DETACHMENT

NAVAL Al R FACI LITY
EL CENTRO, CALI FORNI A
LOCAL AREA FORECASTER S HANDBOCK
FOREWORD

This publication was prepared in accordance with
NAVMETOCCOM NST 3140. 2E.

One of the primary purposes of a forecaster's

handbook is to provide personnel, inexperienced in a
particular locality, with guidance as to typical weather
devel opnents to be expected. This, in turn, will tend to

conpensate for a lack of |ocal forecasting experience. The
handbook serves as a ready reference and review for
forecasters already famliar with the weat her conditions of
the Inperial Valley area. It also contains |essons |earned
in forecasting | ocal neteorological conditions.

Thi s handbook i ncl udes topography, exposure, |ocal
climatol ogy, special features and forecasting rules and
aids to be utilized by the Naval Pacific Meteorol ogy and
Cceanogr aphy Detachnent, El Centro forecasters. It is
primarily an enpirical study of weather patterns that
effect the local flying area at the Naval Air Facility, E
Centro, CA

Each forecaster attached to the Naval Pacific
Met eor ol ogy and Cceanography Detachnent, El Centro will be
i ssued a handbook, and is encouraged to recommend changes
or additions to inprove the effectiveness of the
forecasti ng net hods di scussed in the handbook. In
addition, this publication will be reviewed and | east
annual ly and revised as required.

Chri stopher R Gunderson
Commandi ng O ficer
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CHAPTER |
SECTI ON DESCRI PTI ON

A.  LOCATI ON AND TOPOGRAPHY

The Naval Air Facility, El Centro, California is |ocated
at latitude 32 degrees 49, north and | ongitude 115 degrees
40, west. The station elevation is 43 feet bel ow sea
| evel. The stationis 7 mles west of the city of E
Centro, California;, 53 mles west of the city of Yuma
Arizona and 120 mles east of the city of San Di ego,
California. The Mexican border is 10 mles to the south.

The station is located in the southwestern corner of the
| mperial Valley which is alnost entirely bel ow sea |evel.
The Salton Sea, at the northern-nost extremty of the
valley, is the |lowest point at 2351. The Salton Sea is 28
mles long; with its southern-nost tip 19 mles fromthe
station. The Salton Sea is also an extrenely salty body of
wat er .

The Inperial Valley is oriented in a northwest to
sout heast |ine, beginning near Pal m Springs, California and
extending into Mexico, to the Gulf of California and the

Baj a Peninsula. Another |large |ake Laguna Salada, lies in
the southern section of the Inperial Valley. The valley
itself consists of a relatively flat desert terrain. It is

al nost surrounded by nountai ns except to the east, where
the sand hills and dunes are |ocated at a distance of 45
mles; and to the southeast, where |lie the Yuma Desert of
Arizona and the Gran Desierto of Sonora, Mexico. Muntain
boundari es and hei ghts are as foll ows:

Mount ai n

Range Direction Di st ance Max Altitude
Laguna West 38 mles 6515 ft.

Val l ecito Vst 32 mles 5349 ft.

San Bernardi no Nort hwest 64 mles 6553 ft.
Sant a Rosa Nor t hwest 57 mles 6623 ft.
Orocopi a Nort h 55 mles 4200 ft.
Chocol at e Nor t heast 37 mles 3200 ft.
Chuckwal | a Nor t heast 50 mles 4504 ft.

Si gnal Sout h 15 mles 2562 ft.



OQFFICE EQUIPMENT

9.

COMEDS

FAX MACHINE
TV/VCR COMBO
SDS 486
CANOES

MIDDS SERVER
MIDDS WORK
STATION 1

WALL OF
THUNDER
ASOS ACU

OID TERM 1



NAVAL AIR FACILITY, EL CENTRO FIELD DIAGRAM -

— N v 3
RY 26 R c
v
2
sl IO
L
<l g B geacon
L 185’
g E nsL
: pja
D (s
a
HIGH POUER TETRAHEDRON
TURN UP AREA
= 9
re
E » FIELD ELEVATION -43
Location of items of interest
to NPMOD: .
[
1. Wind Bird
2. Building 139 - Operations &
> a NPMOD
3. NPMOD Instrument Shelter
RV 8
l—

I-3




NI AHVONNOSB NOU VLS

[4
[-]
m
¥
m
£5
- 3NN AHYONNOS NOILVLS _ _ . VYO NIvN
e h =
4 g e
b .
) 1S HINIAIS o8z

009
LLCAEREDE]

e

v
. -
[ »
(3 =
4 o IN3WLVIEL BV | T
V3HY 031016153y 205 Fl > 2
@ [143 t2s | |m = ]
_ —._J.—I 3" 1ol 4 ue €
L1 ) Tiverdos =) ] £
>
el gfs B epz de helqe JUFULTH 2 ]
~ S f]s ﬂ EQ Gl a QSs X O&O&v c
508 —mard ) ﬂué — S
— I _.mau JCETE O 3 {L— o W W\ )
) H M Lo I e s —
L. AVMIXYL H st
' : rs Nuvd |
\@c Y & ‘AYd
" R 3 )
& M o : p&.
A £ 1 peds &0k ; ¢y
i § RN R B, d
555 b WAL . .p.l r.m.m\ . Aw, _
ivonoo3s DY\ Sestny
T o e W et
TivaLios 2o w
it nte
0312 TIve1004 E |
PRRY AW AA TIN) 49 100E . doug AQQoH oKy ! — E\ ot
(HEX 1) 509N PNSIsvIPAY pdeyd eteg flesc —Sun o] ] “sic
g o10yd werupedeq Alundes Ay 2D $9% 83240 UrRyy WV sot e
syorneg jeis [} S ) deyeg T
£ ees Buisnoyy LEWAIIS/I0INOY |01920Y Addng [ \m.wdm.r.— [ ] it
o] (189 BRI URNYMD % (117
SI1OVUSUQ 23 K 210 150d ooy v
AU (1130 T BAPIN YL 20 I 441 D08/234HO Butving reaiva) 3 ey _
(R 1) aun Judsuesy 2 61§ wonensiBay BIYIA/INND Aindeg ung x - o
uosiug suodeas €3 21§ 1004 1eWS.qnLD SPueH 1Ty z M v3uv
WaWYIRIDQ OIS YHIVHD €D NS (HDX 1) SU0II2313 PNGID < (L4 m NOLY3HI3Y
$3yo dioduig %) ols SUONBHUNWLID, 163 1'Ovd 1951 py :w £
sabeutyy PASINF JOIV3G 0O 13 M “
1281U0D 32IM3GIDDIOH BUUDSIAg uRIIAD/ RO NIdwo) “Axddng ‘1§ HINOS m
uipQ Butsnopuawuedaq sHIoM Nang ] $05 ‘13@ poddng PUUOSISJAINLPY/SIIRO OX'0D 28 "z Y .5
SyOrLRG MIASURIL 19 o6» jejeayy eseg 28 toz [ emen | _ -Na
sone) Buprog oseg 1@ Sur doyg way janey Tt o °
Kayeg v 9cr Aren tewoipuner)doys saqieg,ieg yoeus X3y W@ 202 m jd 3ovd <
SqOENNG W SURIY v L2v Aressuuruog) g @butyaxg Aren ey 28 02 \ - E] Toam . <}
(L2113 Q1015 ofieqIeg'UOIRIS SBD XIN PUB LEKIS 2D DR 4 o] "ot L 5
sqreneg K 1] oy (He W) voneuodsues g v 51 v M » m
s4dentg ) e e S3JYQ VIQIBH § UISPNUN UOSION v S : = | 1Z
UOGHEIS AD1iG SHIOA JNnd 137 our Buue 4 i m m
s1opeiy abpo Aty 1:] 19¢ Wb 13GNYIDOAYN/SUOHRIdID aseq v (1) —”u 43341S HIUON b =
[1: Y WAwYeRQ SUOdeaA HITUY WIPA  Zv  IEN
}:] LT3y 1240} 101JU0D Ny v ofl 1) 00Y -
F3M37) U0NTIIAY 18 19c 8240 193y AreN Asesqr} 3sPgrasy) s uendey) 28 o1t
HOHJIMISIA  NOILD3IS ONM NOILdI¥OS3a  NOID3S ON 1S HIBNO4
o078 ooe / NOAYRIXVL
3 N o
_ V3HY 031J1H1S3Y
P
P R

v3IHv 03101H1S3Y




SECTI ON | |

LOCAL CLI MATOLOGY

The dimatol ogical information provided in this chapter
is based on clinmatol ogy kept by the Inperial Valley
Irrigation District's Weather Station at Inperial, CA
(Imperial, CA. is located 10 mles east of The Naval Air
Facility, EIl Centro). Records date from 1914 to 1984.

A. TEMPERATURES

1. The hi ghest maxi mum tenperature ever recorded at
NAF El Centro was 126 degrees. It was recorded on 28 July
1995.

2. The | owest m ninmum tenperature ever recorded was
16 degrees on January 22nd, 1937.

3. The | owest maxi numtenperature was 42 degrees,
recorded on January 24, 1949. The highest m ni nmum
tenperature was 90 degrees, recorded on 10 August 1946, and
July 15th and 30th, 1953.

4. H ghest nonthly nean tenperature was 95.9
degrees, recorded in August, 1969. The nonth of | owest
m ni nrum t enper at ure was February, 1939, with 42. 3 degrees.

B. RAI NFALL

1. June has been the driest nonth of the year.
Since 1914, only once was there neasurable precipitation
during that nonth 0.04" on June 2nd, 1948 and only traces
were recorded in 1918, 1922, 1924, 1929, 1930, 1932.

2. The highest rainfall in one day was recorded on
Sept enber 6th, 1939, when 4.081, was neasured. The total
for that nonth 7.061, made Septenber, 1939, the nonth with
t he hi ghest ampbunt of rainfall. The year 1939 was al so the
hi ghest on record with 8.52". The year with the | owest
anount of rainfall was 1956, with 0.16". The average annual
rainfall is 2.92".



C. SNOWFALL

1. The only recorded snowfall of consequence was in
1932. On Decenber 12th of that year, snow began falling at
8:45 pm and by 5:00 am of the follow ng day, 2 1/2" had
been recorded. In the southeast portion of the Inperial
Valley, 1 1/4 of snow was reported that day. That was the
only recorded snowfall of record to cover the |nperial

Val | ey.
D. PRESSURE

NAF El Centro has a distinct diurnal pressure pattern
dependent on nonth of year. Refer to figures I1-1 and I1-2.
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SECTION |11

OPERATI NG AND RESTRI CTED AREAS OF THE | MPERI AL VALLEY

A. M LI TARY OPERATI NG AREAS

The Inperial Valley contains two MIlitary Operating
Areas (MOA's). KANE MOA conprises the western half of the
I mperial Valley and contains the restricted areas 2521 and
2510. ABLE MOA conprises the eastern half of the Inperia
Val l ey and contains restricted areas 2507 and 2510. The
mlitary operating Areas cover approximtely 350,000 acres
of land. Figure 3-1 Illustrates the Mlitary Operating
Areas of the Inperial Valley.

B. RESTRI CTED AREAS AND BOVBI NG RANGES

The restricted areas and bonbi ng ranges covered in this
chapter exist in the Inperial Valley. Restricted 2510 and
2512 are nmanaged by the Commandi ng O ficer, Naval Air
Facility, El Centro. A forecasting requirenent is needed
for those areas. They are commonly utilized by al
aircraft stationed permanently and visiting the Naval Air
Facility, EIl Centro. The exact |locations at all the
restricted areas nmentioned in this chapter are nore readily
di splayed in Figure 3-2. The Restricted Areas are
described fully bel ow

1. Restricted Area 2510

a. Restricted Area 2510 is located 11 nmiles
nort hwest of the Naval Air Facility, El Centro. It
contains two target areas and drop zones.

b. Listed below is a brief description of the
target areas and drop zones:

(1) Target 101 is located in the southeast of
guadrant R2510. The target elevation is 105 MSL. The
target conpl ex includes:

(a) Air-to-ground bonbi ng.

(b) Rocket firing and strafing.
(c) Bonb dummy unit (BDU) drops.
(d) Mbile land targets.

(2) Target 103 is located in the sout hwest
guadrant of R2510. The target elevation is 130" MSL. The
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target is an unmanned renotely controll ed conventional air-
t o-ground rocket and bonbi ng target consisting of a 40

di aneter bullseye with concentric circles of 75, 150", and
300’ .

(3) Both drop zones are used for personnel and
equi pnent drops only. No ordnance drops are authorized.
The Superstition Drop Zone is |ocated near the Superstition
Mountains in the center of R2510. The Canel ot Drop Zone is
| ocated between the two targets 101 and 103. Figure 3-3
depicts the exact positions of the targets and drop zones
in R2510.

2. Restricted Area 2512

a. Restricted Area 2512 is |ocated east of
Brawl ey, CA and north of Holtville, CA

b. This area contains two targets simlar in
design to target 103 in Restricted Area 2510. These
targets are nunbered 68 and 95.

c. The elevation of both targets is 90, MSL.

d. Both targets consist of unmanned
conventional air-to-ground rockets and a bonb target, with
a 201 dianeter bullseye and concentric circles of 75'.
1501, and 3001.

3. Restricted Area 252-1

a. Restricted Area 2521 surrounds the Salton
Sea. This area is used for the spin testing of aircraft
and is authorized to be used for personnel and equi pnent
parachut e drops.

4. Restricted Area 2507

a. Restricted Area 2507 surrounds the Chocol ate
Mountain range | ocated 37 mles fromthis station.

b. This area contains air-to-air gunnery range, an
air-to-air dart gunnery range and the Chocol ate Munt ai ns
i npact area.

c. Wthin the inpact area there are:

15



(1) Fi ve target conpl exes and assorted
search and attack target |ocations consisting of nore than
200 individual targets, including three surface-to-air

mssile sites, one surface-to-surface mssile site, and
three sinmulated airfields.

d. Both air-to-air and air-to-ground ordi nance
are dropped and utilized in Restricted Area 2507. Laser
designating is authorized in specific portions of the
northern half of Restricted Area 2507.
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SECTION |V

FORECASTI NG

A.  SEASONAL WEATHER.

There are basically two seasons for the I|nperial
Val l ey area; being summer and winter. The transition
peri ods between the two are very short. Spring and Autumm
show few, if any, of the seasonal characteristics normal to
the other parts of the United States. Nornmally there is a
little nore than a week or two of a rapid transition to the
dom nant seasons of sumrer and wi nter.

1. Sunmmrer

M d- April through Cctober conprises the sunmer
season. The first half of summer is usually very dry
because of the upper level flowis fromthe west to
sout hwest. Even though the source of this air is fromthe
eastern Pacific Qcean, it nevertheless is dry because the
noi sture fromthe ocean is trapped in the marine |ayer
below. By md-July the flow aloft becones nore
sout heasterly to occasionally easterly, advecting noisture
into the Inperial/Yuma Valleys fromthe GQulf of Mexico and
the Gulf of California. (See Sonora Condition under the
speci al features section of this chapter) As a result of
this there is an increase in the rainshower and
t hunderstormactivity in the Inperial/Yuma Valleys from
July to Septenber. Another significant phenonena is the
Mount ai n breeze. Wnds can sonetinmes increase to 25 or 30
knots depending on the tenperature or pressure gradients
between this station and the coast of California. Muntain
breezes are discussed further in the special features
section of this chapter.

2. Wnter

Novenber through March conprises the w nter
season. Wather during this season is characterized by
| ong periods of excellent flying weather. Good
visibility’s and cool tenperatures are conmon pl ace.
Occasionally this weather is interrupted by active cold
fronts, cutoff |ows, or upper |evel troughs. Mst of this
activity occurs between | ate Decenber to m d- February.

20



B. SPECI AL FEATURES

The foll owi ng pages contai n di scussi ons and
illustrations concerning particul ar weat her phenonena and
their effect on weather in the Inperial Valley.
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1. Thermal Low/Trough

A semi-permanent feature, often referred to as an
inverted trough or heat low, it is formed by the nearly
continuous, intense, daytime heating over the desert areas of
southern California, western Arizona, and northwestern Mexico.
While the position of the trough is affected by large scale
synoptic patterns, its position also varies seasonally. In the
winter, its center is located in northwestern Mexico, with the
trough extending north into the Imperial Valley/Mojave Desert
region. During early and late summer, the low pressure center may
occasionally extend as far north as the Mojave Desert/Las Vegas
region, with the trough extending as far north as Oregon. Figure
4-1 below depicts the position of the thermal trough during this

instance.

FIGURE IV-1. SUMMER THERMAL TROUGH

Iv-2
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Once the low pressure is located, the wind direction
should cast to be nearly parallel to the isobars. In figure 4«2
the wind direction would be from the southwest to west. Wind
speed associated with the thermal low ranges from light and vari-
able with a weak low to 10-16 knots with a well-developed low,
with an average of 7-10 knots. Surface winds associated with the
thermal trough are also highly variable and difficult to forecast
with respect to direction, since the trough axis often fluctuates
back and forth over the Yuma and Imperial Valleys.

120 118° ;

FIGURE IV-2. THERMAL LOW

IvV-3
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2. Sonor a

The Sonora occurs during the sumrer (primarily
July, August, and Septenber). Sonora is the |ocal nane
given-to the thunderstormcondition created by an easterly
fl ow of noist air across the Sonora province of Mexico
fromeither the Gulf of Mexico or the Gulf of California.
The advection of this warmnoist air is a result of a high
pressure cell that is persistently |located in the centra
United States. This advection may al so be caused by the
strong easterly flow fromthe western extent of the
Bermuda High. In this situation, extreme high
tenperatures and high humdity becone commonpl ace in the
desert regions. Mture and active thunderstorns devel op
during this pattern, with activity starting during the
nmorni ng and continuing until mdnight. Another source of
upper level easterly flowis the presence of a | ow
pressure center over the Gulf of California.

Wth pronounced heating, instability, and
significant noisture to at least the 700 nb |evel,
thunderstorns will develop to the east or southeast of the
station. W are frequently forewarned of the presence of
t hese thunderstorns by the forecaster at the Marine Corps
Air Station, Yuma, AZ., who has access to an FPS106 radar
unit. Thunderstorns also frequently devel op over the
nountai ns to the southwest through to the north. These
t hunderstornms usual ly circumavi gate the station, although
if the conditions are right they can nove over the
station. A good indication of the formation of these
t hunderstornms is the appearance of cunulus or towering
curmul us during the norning hours over the nmountains to the
west. Thunderstornms in the Inperial Valley are either
going to seek out the heat of the desert by noving over
it, or they are going to seek out the lifting action
provi ded by the orographic features surrounding the
| rperial and Yuna Vall eys and travel along the nountain
ranges.

These thunderstorns are tropical in nature.
Cei l i ngs average between 2000 and 5000 feet, depending on
their severity, acconpanied by light to noderate
rai nshowers which reduce visibility to between 3 and 5
mles. Visibility can be reduced to as little as 1/2 to 1
mle in blowng sand, if the conditions permt. This
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usual |y occurs just prior to passage of a thunderstorm The
nost hazardous threat to operations is the strong, gusty
W nds that acconpany these storns. Direction is very
difficult to forecast. Variable wnds sustained at 20 to
30 knots with gusts to 40 to 50 knots are not uncomon.

As mentioned previously these high wi nds can reduce
visibility quite a bit, even if no rainfall has occurred
at the station. Wth the nore severe thunderstorns,

expect visibility to be near 1/2 mle and expect the w nd
to gust near 50 knots. Flash flooding is also common with
the nore severe storns near the nountains.

3. Tropical Storns

Most tropical stornms in the eastern Pacific devel op
fromJune through Cctober, with the greatest frequency
occurring August and Septenber. The majority of these
stornms are off the west coast of Mexico between 10 N and
20 N and nove west or northwest. A few storns
occasionally nove northward al ong the Baja coast. They
usual ly dissipate as a result of the cold sea surface
tenperature and strong vertical wind shears. Wen a
tropical stormrecurves and crosses the Baja Peninsula or
western Mexico, it frequently results in inpul ses of
tropical noisture into the |ocal area (refer to Sonora).
Wth tropical stormactivity occurring in the Gulf of
California or along the West Coast of the Baja Peninsul a,
the forecaster should always be alert for the possibility
of a stormnoving into the local area. Refer to the |ast
section of this chapter for a history of two of the few
storms to have significantly affected the Inperial Valley.

4. Cutoff Low

During fall or winter, a |ong wave trough, which
is often slow noving or nearly stationary, becones situated
west to sout hwest of San Diego, CA. Strong cold air
advection will deepen the trough. As the trough deepens,
the upstreamridge builds until a blocking situation
devel ops at the upper levels. Wen the cold air advection
is very pronounced in the rear of the trough, an isolated
pool of cold air and a closed low aloft nmay form As the
upper level ridge builds, a jet max approaches the top of
the ridge. Due to the sharpness of the turn, the jet nax
overshoots the trough. The jetstreamsplits and the trough
continues to deepen. The lowis now becom ng di spl aced
equator ward of the jetstream Once the isotherns and
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i sohei ghts becone closed and the | ow cutoff, it becones
stationary or nearly so. Normally formng in 24 to 48
hours, these | ows have a 24-hour to one week persistence
range and 72 hour to a week to a two week dissipation
range. One clue that is useful in forecasting the
formation of a cutoff lowis the presence of a strong
(1040nb or higher) stationary surface high at higher

| ati tudes of the @ulf of Al aska.

A well-defined cutoff loww Il affect the Inperial
Val | ey weat her when we fall under a cyclonic curvature
around the low If the cutoff low sets up in the vicinity
of 30 degrees North or southward and persists, as depicted
in Figure 4-3, ceilings of |ess than 2000' and conti nuous

light to noderate rain are not unconmon. |If the systemis
persistent, it gradually beconmes nore unstabl e, producing
enbedded thunderstorm activity. |If the cutoff |ow sets up

north of 32 degrees North, as depicted in Figure 4-4 above,
expect scattered to broken | ow and m d cl oudiness with
scattered rai nshower and thunderstormactivity. Most of
the thunderstormactivity is associated wth m nor troughs
rotating around the system
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FIGURE IV-3. CUTOFF LOW
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FIGURE IV-5. DEVELOPING NEVADA LOW

The Nevada Low will normally develop in one of the following
manners:

1. As a wave on an east-west oriented front.

2. As a secondary low in an unstable airmass following
the passage of a frontal low.

3. Beneath a cutoff low, or at the tip of a deep trough
which has a jet max moving into it.

The primary forecasting problem with the Nevada Low is
the strong winds associated with the system. The best forecasting
tool to determine wind speeds is a constant checking of the
gradient level winds and the surface pressure gradient.

Iv-8
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A wel |l -defined frontal zone is usually observed over southern
California, Nevada, and Utah desert areas once the Nevada Low is
wel | established. Al though significant cloudiness and
precipitation are not nornally experienced at El Centro with a
Nevada Low, occasionally a mnor trough froma vorti6i:ty |obe
nmoving around a low will pass over the | ocal area, producing

m ddl e and hi gh clouds al ong with cunul us buil dups.

The wi nds associated with the systemare usually
sout hwesterly before frontal passage and west or northwesterly
foll owi ng passage. Speeds are usually 25 to 35 knots sustai ned

with gusts to 40 or 50 knots. The station will exp6tience |IFR
periods due to the extensive bl ow ng dust and sand associ at ed
with the strong winds. It is not uncommon for the visibility to

go down to 1/4 of a mle, if the winds are strong enough. Expect
gusts near and in the nountain passes- to be significantly higher
than what is experienced at El Centro. The range and target
areas near El Centro can al so experience nmuch hi gher wi nd speeds
(50 to 60 Kts) and gusts than what is actually occurring at the
station.

6. Fronts

Frontal weather is nost frequently observed in the
Inperial Valley during the winter nonths. Most of the fronts are
oriented northeast to southwest. They nove southeasterly into
the Inperial Valley fromnorthern and central California.
Cccasionally, a west to east oriented front will nove through the
area, but it will have little or no effect on the weather at El
Centro, other than scattered to broken m ddl e and high
cl oudi ness.

Most fronts approaching El Centro fromthe west or

nort hwest expend their energy over the coastal nountains and

di ssi pate before reaching the local area. Passage of these
fronts 3-S normal |y preceded by npderate to strong sout hwesterly
winds for as long as 6 to 8 hours previous. Wnd speeds are
generally 12 to 18 knots with gusts to 25 or 30 knots. After
frontal passage, winds are northwesterly at approximately the
same speeds. Visibility can lower to 1 or 2 miles in bl ow ng
dust or sand, even if no appreciable precipitation has fallen.

I nactive (fast noving) cold fronts associated with
sufficient vertical devel opnent through 30,000 will renmain al oft
whil e passing through the Inperial Valley area. They will be
acconpani ed by ceilings 8,000, to 10,000, along with scattered
rai nshowers and isolated thunderstorns. Rapid clearing occurs
behind the front. Also with this system prefrontal winds are
sout heasterly or southerly becom ng southwesterly and generally
i ncreasing after passage. Cccasionally, an active cold front
(slow noving) will nove through the area. Wather associated
with this front is nuch Iike that of a fast-noving front, except
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that the ceilings will be nuch | ower, approximtely 4000, to
6000, and conditions inprove nuch nore slowy. Wak fronta
passages, mainly aloft, may be considered a normal wintertine
occurrence for El Centro.

a. Cold Trough with a Surface Low

This is clearly a winter situation that has a high
potential for producing precipitation and ceilings at or bel ow
3000" for a nunber of hours. A cold trough noves into the area
just west of the California coast, stagnates and deepens. When
this systemis at or south of 32 degrees North, precipitation is

nmost probably evident. Usually,, a surface |low will devel op
Movenent of this systemstemis slow Cooling aloft increases
instability. |Increasing southerly winds at the surface and at

the low |l evels transports additional noisture northward fromthe
aulf of California. This system develops at night and tends to
di ssipate during the late afternoon. Early indications of the
strength of one of these systens, in addition to the isotherm
pattern, are strong and gusty w nds and heavy rai nshowers in
northern California. This spreads southward through California
in the course of 24 hours, foll owing the deepeni ng of the trough
and southerly course of the surface low It nust be pointed out
that this is not an annual occurrence. Some winters wll pass
wi t hout seeing any of these systens devel op. The cloud
progression with one of these stronger systens first brings
cirrostratus, thickening and lowering to | ess than 20,000 feet.

Approximately 4 hours later, ceilings will be bel ow 10, 000 feet,
with ceilings lowering to 8000 feet and then to 5000 feet. A
noderate systemof this type will produce nultiple cloud | ayers

wi th bases around 4000 to 8000 feet, acconpanied by light to
occasi onal |y noderate rai nshowers.

7. Geat Basin High

This is a mass of dry, cool high pressure air which
becones situated in the area between the Rockies and the Sierra
Cascade, Muntai n Ranges, enconpassi ng sout heastern O egon
sout hern | daho, western Utah, and all of Nevada. The nbst conmmbn
source for the Great Basin High is a Pacific maritine
anticycl one, which noves eastward behind the frontal system over
the Great Basin. There it stagnates and builds in response to
surface cooling and upper air features. However, the Great Basin
Hi gh may originate in Canada or nay build in the Geat Basin
itself in response to the conplex thernal patterns aloft. The
Wi nds associated with this high pressure systemcan |ast all day,
di mi ni shing around sunset with a noderate system and conti nui ng
beyond m dnight with a strong system The winds tend to
redevel op the next day, although sonmewhat weaker

Wth the synoptic situation as depicted in Figure 4-6
bel ow and with tenperature difference of at |east 10 degrees
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Fahrenheit or greater between LSV (Las Vegas) and NYL (Yuma) or
NJK, the pressure gradient between LSV and NJK or NYL will result
in the foll owi ng w nd:

4 - 6 MIIlibars 10 to 20 Knots, Qusts to 30
Knot s

6 - 8 MIlibars 15 to 25 Knots, Qusts to 35
Knot s

8 - 10 MIlibars 20 to 30 knots, QGusts
to 40 knots

10 + MI i bars 25 to 35 knots, Gusts to
45-50 knots
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FIGURE IV-6. GREAT BASIN HIGH
The Great Basin High reverses the usual onshore
pressure gradient, resulting in a subsiding outflow of air from
the Great Basin across the desert, to the coastal areas where it
arrives as a dry, adiabatically warned wi nd. The higher
pressures of the Great Basin H gh, the better the chance for what
is called the Santa Ana wind to occur. The Santa Ana is a hot,

dry wind and its direction is mainly fromthe norteast. 1In
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addition to a strong ridge over the West Coast, a deep trough is
usual Iy | ocated downstream over the Rocky Muntains during Santa
Ana conditions. The reason why the colder the G eat Basin High,
the better the chances for a Santa Ana to occur, is that a cold

air advection at the surface results in surface pressure rises.

These pressure rises build the high and strengthens the

circul ation.
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serious hazard associated with this wind is brush fire. It is

difficult to forecast its appearance and dissipation.

moderate northerly winds at El Centro 1

expected along the southe
pressure system migrates to the east or
Figqure 4-7 below, the gradient becomes
attains a southerly component.

Expect
f a Santa Ana condition is

rn California coast. When the high

southeast as depicted in
negligible and the wind

(7
....’l
' (T~

iy s
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FIGURE IV-7. WEAKENING SANTA ANA
8. Local Weather Phenomena

a. Mountain Breeze

The mountain breeze is frequent and pronounced in

the Imperial Valley. It is caused by the rapid cooling of the
coastal mountain ranges and the pressure differential between San

Diego and El Centro.
to 35 knots are obser
8 to 12 hours. This condition generally

Usually, steady winds of 20 knots with gusts
ved. These winds can sustain themselves for

occurs between 1600 and

0100 PST, although, it has begun as early as 1200 PST. For aids
in forecasting mountain breezes, see section 9 of this chapter.

Iv-12
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b. Dust Devil s

Qui te common over the southwest deserts, they are
vi gorous whirlw nds, usually of short duration. Dianeters range
from1l0 to greater than 100 feet. Their average height is about
600 feet, but few have been observed as high as several thousand
feet. They have been observed to rotate anticyclonically as well
as cyclonically. Dust devils are best devel oped on a hot, calm
afternoon with clear skies and in a dry region where intense
surface heating causes a very steep tenperature |apse rate in the
| ower few hundred feet of the atnosphere. Not nornmally
associ ated with any flight hazards, dust devils have been-known
to create brief noderate, and possible severe turbul ence for
light aircraft passing through them

c. Visibility Restrictions

(D) The basic industry of the Inperial Valley
is agriculture. Throughout the valley there are large farns
whi ch harvest and replant vegetable crops during nost of the
year. Due to the lack of natural rainfall during nost of the
year, heavy irrigation is required. |If relatively cooler or cold
early norning tenperatures occur sinultaneously with periods of
irrigation, a dense fog/ ground fog will blanket portions of the
valley. El Centro may be obscured and below m ninmuns in the fog
but rapid heating after sunrise will dissipate the fog within 2
to 3 hours. Fog may al so occur after frontal passage.
Particularly, if there was significant rainfall associated with
the front. |If relative humdity are high after the fronta
passage, expect fog to occur at the station. This fog will
di ssipate in the same manner as the fog nentioned above.

(2) Dense snoke as a restriction to visibility
is also related to the agriculture industry. Rapid rotation of
the crops sonetines requires the burning off of vegetable
st ubbl e. Poor wvisibility will prevail at E Centro until an
increase in the surface wind during the |ate norning or afternoon
di sperses the snoke.

(3) O special note is the fact that Banning
Pass links Inperial Valley with the Los Angel es Basin.
Frequently during the summer nonths, air pollution and snog from
Los Angeles is funneled into the Inperial and Yurma Vall ey regions
by strong winds in the vicinity of Banning Pass. This snog is
usually restricted to the Salton Sea area but can be blown as far
south as the Yuma Valley. |If there is sufficient noisture in the
area, haze mixes with the snbg to occasionally lower visibility
to 5 mles. Once the snog has becone stagnated in the Inperial
Valley, it nust be blown out of the Inperial Valley by strong
surface winds or rained out of the atnosphere by a frontal or |ow
pressure system
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9. Forecast Thunb Rul es

a. Maxi mum gusts rmay be obtai ned using
Sandberg, CA (SDB). An addition of +27 degrees Fahrenheit is
used to correct Sandberg's tenperature to sea level. To obtain

the max gust subtract SDB corrected tenperature from NJK observed
tenperature and multiply by 4.

b. The wind will becone westerly when the
corrected SDB tenperature is at |east 5 degrees |ower than the
observed tenperature at NIK

c. The nmountain to valley breeze wll
cease when NJK observed tenperature beconmes at | east 5 degrees
| ower than corrected tenperature.

d. The westerly winds will dininish
within 4 to 6 hours and become 10 knots or |ess, when NJK
observed tenperature becones the sane as, or |ower than, SDB
corrected tenperature.

e. The westerly winds will be further re-
enforced and of |onger duration if NAVPACMETOCFAC North Island
(NzZY) tenperature is 18 degrees | ower than the NJK tenperature
and if the NZY pressure is 6 mllibars or greater than Las Vegas
(LSV) pressure.

f. If the pressure differential from NZY
to NJK exceeds plus 7 nillibars, the nountain to valley breeze
will prevail as far east as Yunm, AZ

g. Note the above thumb rules will not

work if the correction figure to Sandberg, CA (SDB) is not used
and if the pressure gradi ent from NAVPACMETOCFAC North I sl and
(NzZY) to El Centro (NJK) is not at |east +3 or 4. The above thunb
rul es should be used as a guide to forecasting the winds in
Inperial Valley. Wnd speeds and directions are subject to rapid
change due to the nountain ranges, which surround El Centro.

h. The K-Factor as well as the Cross-,
Vertical -, and Total -Total s | ndexes, taken fromthe Yuma
soundi ng, have proven to be effective tools in forecasting
thunderstormactivity in the Inperial Valley. Refer to the
charts on the follow ng page to help utilize the K-Factor and
Tot al s | ndexes.
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FORECAST CT VT T
ISOLATED to FEW Orange 18-19 226 4
SCATTERED Orange 20-21 >26 46
FEW Green

SCATTERED Orange : 22-23 >26 48
FEW Green
ISOLATED Blue

SCATTERED Green 24-25 >26. 50 |
FEW Blue
ISOLATED Red

SCATTERED to NUMERQUS Green 26-29 226 52
FEW to SCATTERED Blue
FEW Red

NUMEROUS Green >30 226 >56
SCATTERED Blue and Red

Red = Severe Thunderstorms w/tornadoes a/0 waterspouts
Blue = Severe Thunderstorms (max gusts >50 kts, a/o0 hail >1°)
Green = Moderate Thunderstorms (max gusts 235 kts but <50 kts, a/o hail
>1/2° but <17
Orange = Thunderstorms (max gusts <35 kts a/o hail <1/27)

REGIONAL MODIFICATIONS:

WEST OF THE ROCKIES - 700 and 500 millibar dew point depres-
Sions shouid be less than 6°C to insure sufficient low level moisture or
500 millibar temperature should be >=17°C and 700 millibar temper-
ature should be >0°C. If this is satisfied, then consider: (a) VT
<28 = No thunderstorms. (b) VT >28 but <32 = Few thunderstorms.
(c) VT 232 = Scattered thunderstorms. Usually these will be Orange
variety. Green or blue require large amounts of moisture at 850 and

700 millibars.

Thunderstorm
K Value probability,
percent
<IS 0
15-20 0-20
21-25 2040
26-30 40-60
31-35 60-80
36-40 80-90
>40 near 100
Iv-15
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10. Tropical Storns Affecting the Inperial Valley

Hurri cane Kat hl een began form ng 6 Septenber 1976,
near 5 degrees North and 109 degrees West, about 550 niles south-
sout hwest of La Paz (|l ocated near the southern tip of the Baja
Peninsula). After 24 hours the storm becane nore organi zed and
tracked north-northwest.

On 8 Sept, Yuma, AZ went fromclear to 20, 000,
overcast during the norning. By the norning of 9 Sept, as the
storm noved cl oser, ceilings had decreased to 16, 000, and
gradually | owered to 7,000, by days end. Light rainshowers were
preval ent throughout the day, while surface w nds remai ned
variable. On 10 Sept, the ceiling lowered to 5, 000" and the
wi nds becanme 060 degrees, showi ng Yuma, AZ, to be in the
nort heast quadrant of the storm Throughout the norning, the
wi nds veered and at 0700L began increasing in speed. Light
rai nshowers were intermttent until 0800L, when it became a
steady rain. Thunderstorns began at 0840L and visibilities were
reduced to 1/2 nmile in blowi ng sand and occasi onal noderate
precipitation. By 1000L the wi nds had veered to 160 degrees and
gusts to 62 knots were recorded. At this time, the right rear
gquadrant of the storm passed over the Yuma area. The
thunderstorm activity ended and the wi nds continued to veer and
decrease in speed. Rainshowers ended by 1400L and bl owi ng sand
ended by 1800L. The surface w nds becane 210 degrees at 10
knots by 2100L and only scattered cl ouds renmai ned as the storm
weakened rapidly. These conditions were recorded by MCAS Yumg’'s
weat her detachnment. O reporting stations affected, Yuma
recorded the highest winds, with gusts to 62 knots, and the

least rainfall, with only .16". The heaviest precipitation fell
in the southern California nountains from San Bernardi no into
northern Baja. Ampunts of 10.1 inches or nore, fell in the

nmount ai n areas just west of El Centro, the Salton Sea and
Thermal, CA. These heavy concentrations of rainfall caused
severe damagi ng flash floods in the nmountains along the western
edge of the Inperial Valley.

The following is a chronol ogy of Hurricane Kathl een:

1. 070600z, tropical depression, max sustai ned wi nds 30
2. ggiggtz, tropi cal depression, w nds 30, knots.

3. 071800z, tropical storm w nds 35 knots, gusts to 45
4. gggggtz, tropical storm w nds 40 knots, gusts to 50
5. gggggtz, tropical storm w nds 55 knots, gusts to 65
6. ggigédz, tropical storm w nds 55 knots, gusts to 65
7. Egigédz, tropical storm w nds 50 knots, gusts to 60

nots.
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10.

11.

12.
13.

14.

15.

09000Q,
knot s.
09060Q,
knot s.
09120Q¢,
knot s.
09180Q,
knot s.
100000Qz,
1006007,
knot s.
101200z,
knot s.
101800z,

The above positions correspond to the plotted positions

tropi cal
tropi cal
tropi cal

tropi cal

storm
storm
storm

storm

hurri cane, w nds

tropi cal

tropi cal

w nds 55 knots,
wi nds 50 knots,
w nds 45 knots,

w nds 45 knots,

gusts to 65
gusts to 60
gusts to 55

gusts to 55

70 knots, gusts to 80 knots.

storm wi nds 50 knots, gusts to 60
storm wi nds 35 knots, gusts to 45
forecast position fromfinal warning

appearing in Figure 4-8 on the follow ng page.
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TROFICAL J STORM/}URRICANE
[3-17 AUGUST 1977
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Hurri cane Doreen began form ng 13 August 1977, near 12 degrees
North and 106 degrees West, about 450 m | es sout heast of La Paz,
Baja, CA. Developing rapidly, she noved northwesterly, and
reached hurricane strength | ess than 48 hours | ater on Sunday
nmorni ng the 15th of August. Monday through Tuesday norning,
downgraded to a tropical storm she paralleled the Wst Coast of
the Baja, California fromthe southern tip of Baja to Bahia
Sebastion, a large bay approximtely 300 m | es sout h-sout heast of

San Diego. It was during this period that the forecast tracks
t ook Doreen across the peninsula, into the Gulf of California and
toward Yuma, AZ. Instead she drifted farther north of f-shore

Tuesday norni ng and conti nued her north-northwesterly novenent.
Wth her wind force dimnishing rapidly, Doreen passed 60 m|es
west of San Di ego Wednesday norning and the remants noved inl and
|ater in the day between Point Miugu and Los Angel es.

W nds associated with Doreen were of little consequence to
southern California; less than 20 knots near the center as she
passed of f-shore of San Diego. Precipitation anmounts along the
coast from San Diego to Los Angel es averaged 2". Lindbergh Field
received 2.13", while North Island neasured 1.97". Hardest hit
was the Inperial Valley which accunul ated over 4.1' and the
mount ai ns west of the valley which averaged 5 to 7". The cloud
and precipitation shield in advance of Doreen was nearly 600
mles in radius and heavy rains began in the Inperial Valley and
t he nmount ai ns Monday afternoon,, causing |ocalized flooding and
flash flooding throughout the valley. The heaviest flooding
occurred in Mexicali, Calexico and around the Borrego Springs
area, where sone hones and roads becane nud cities. Heavier
rai ns Tuesday and Tuesday ni ght caused nore extensive flash
fl oodi ng and property danage. Renenbering Kathl een, the
residents of Ccotillo Wlls evacuated the town, but floodi ng was
mninmal. That portion Interstate 8, re-built after Kathleen, was
once agai n washed away by Doreen. The heavy rain and fl ooding
wi ped out nearly 100 percent of the cotton and naize crops in the
val | ey.

The following is a chronol ogy of Hurricane Doreen:

1. 13000Qz, tropical depression, max sustained wi nds 30
knot s.

2. 130600z, tropical depression, w nds 30 knots.

3. 131200z, tropical depression, w nds 30 knots.

4. 131800z, tropical storm w nds 50 knots, gusts to 60
5. izgggtz, tropical storm w nds 60 knots, gusts to 70
6. Ezgggdz, tropical storm w nds 60 knots, gusts to 70
7. EZ?EéCZ, tropical storm w nds 60 knots, gusts to 70
8. EZiégdz, hurricane, w nds 65 knots, gusts to 80 knots.
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9. 1500007z, hurricane, w nds 65 knots, gusts to 75 knots.

10. 1506007z, hurricane, w nds 65 knots, gusts to 75 knots.

11. 1512007z, hurricane, w nds 65 knots, gusts to 80 knots.

12. 151800z, tropical storm w nds 60 knots, gusts to 75
knot s.

13. 160000z, tropical storm w nds 55 knots, gusts to 70
knot s.

14. 160600z, tropical storm w nds 50 knots, gusts to 65
knot s.

15. 1612007, tropical storm w nds 35 knots, gusts to 45
knot s.

16. 16180Qz, tropical storm w nds 35 knots.

17. 1700007z, tropical storm w nds 35 knots.

18. 170600z, tropical depression, w nds 30 knots.

19. 17120Qz, tropical depression, w nds 20 knots.

20. 171800z, forecast position fromfinal warning.

Prelimnary Report
Hurri cane Nora
16- 26 Sept enber 1997
Edward N. Rappaport
Nati onal Hurricane Center

a. Synoptic History

Hurricane Nora fornmed early on the 16th of Septenber about 250
nautical mles to the southwest of Acapulco (Table 1 and Fig.
la). It originated in a large area of disturbed weather that had
slowy becone better organized while drifting west-northwestward
during the previous few days. Analysis of satellite pictures
indicates that this activity was likely related to a westward-
nmovi ng tropi cal wave that crossed fromAfrica into the Atlantic
hurricane basin on the 30th and 31st of August. The northern
part of the wave was associated with the formation of Hurricane
Erika in the central tropical Atlantic, while the southern part
conti nued westward through the Cari bbean Sea and northern South
Anerica, and arrived in the eastern Pacific basin on 12

Sept enber .
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Nora matured in an environment of relatively Iight wind shear,
and much of its devel opment appears to have been related to
variations in sea-surface tenperature (SST). Nora fornmed over
very warm water (29-30C). Deep convection quickly increased and
becane organi zed in well-defined bands on the 16th, with Dvorak
technique intensity estinmates of T2.5 form ng the basis for
estimating that the system becane a tropical stormat 1800 UTC on
the 16'" Figs. 2 and 3. Further strengthening occurred over the
following two days. The first signs of what woul d becone a
rather large and ragged eye were detected in infrared satellite
pictures early on the 18th. By late that day, Nora was a
hurricane with 90-kt sustained w nds.

— = g 2.

WIND SPEED tkt)

P R B NI I I
DATE-TIME (UTC)

Figure 3. As in Fig. 2, exoept for maximum wind speed F| g 3

During Nora's first few days, the winds around a nid-I|evel high
over northern Mexico hel ped direct the tropical cyclone slowy
toward the west-northwest. Frommidday on the 18th to early on
the 20th, however, Nora nearly stalled. The hurricane weakened
during that period. The height, anmount, and organi zation of
convecti on decreased and the eye di sappeared. The maxi mum wi nd
speed is estimated to have decreased to 65 knots. This weakening
is presuned to have occurred in response to the hurricane's
prol onged stay over waters cool ed by upwelling beneath its
circulation. Analyses in this part of Nora's wake show SSTs
cool ed by about 2C, on average, to about 27C

By late on the 20th, Nora was on the nove again, at 5 to 10 knots
toward the west-northwest or northwest, roughly parallel to the
sout hwest coast of Mexico. Nora then rapidly re-strengthened.
The eye reappeared, initially with a diameter of 15 nauti cal
mles, and cloud tops cooled. Nora reached its peak nmaxi nrum w nd
speed of 115 kts near 1200 UTC on the 21st.

On the 21st through the 23rd, Nora's track converged with, and
then followed, the track previously taken by Hurricane Linda
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(Fig. 1b). In that area, Linda had been the strongest eastern
Pacific hurricane on record just a few weeks earlier and its
circulation had induced | ower SSTs. Nora gradually weakened over
Linda's wake, with the eye tenporarily broadening to a di aneter
of about 50 nautical nmiles and the eye-wall beconi ng broken.

Esti mat ed wi nd speeds decreased to about 70 knots at 1800 UTC on
t he 23rd.

An onega-|i ke bl ocking pattern devel oped over the western United
States during the |last week of Septenmber. This |eft a weakness
in the height pattern to the north of Nora and eventually a
trough with a cut-off lowto the northwest of the hurricane. The
track of Nora becanme north-northwestward and then northward on
the 24th. This carried Nora over yet another SST anomaly, a

| arge patch of waters nore than 2C above nornal abutting the west
coast of Baja California. Nora remai ned over waters of at | east
26C all the way to its landfall on the norning of the 25th at
Punt a Eugueni a and t hen about 50 nautical mles south-southeast
of San Fernando, Baja California. Hence, Nora had restrengthened
slightly, and then weakened | ess quickly than nost tropical
cyclones in that area. It was still at hurricane strength during
its landfalls.

Nora was accelerating northward at |landfall, steered by the flow
associated with the trough to its northwest. The center of the
cycl one crossed the Baja California peninsula at 20-25 knots and

traveled up the western shoreline of the GQulf of California. It
crossed into the United States, near the Californial Ari zona
border, still as a tropical storm near 2100 UTC on the 25th.

Most of the heaviest precipitation was then |located to the
nort heast of the center.

Rapi d weakeni ng ensued and wi nds dropped to tropical depression
strength near 0000 UTC on the 26th, when the center was | ocated
about m dway between Bl ythe and Needles, California. The |ow

| evel center was noving toward the north-northeast as it
degenerated early on the 26th. A remant circul ation al oft
apparently persisted, however, and is likely to have been
responsible for a period of near hurricane-force w nds observed
at the NW6 Cedar City Doppler radar, |ocated in the nountains of
sout hwestern Utah at an el evation of about 10,600 feet.

The residual area of cloudiness and showers gradually becane nore

di ffuse over the followi ng two days while noving generally
nort heastward, through portions of Utah, Colorado, |Idaho and

Woni ng.
b. Meteorological Statistics

Table 1 provides the post-storm "best track” |ocation and
intensity estimates for Nora. Figures 2 and 3 show the
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hurricane's estimted central pressure and maxi mum one-ni nute

wi nd speed, respectively, versus time and the associ at ed
satellite data. Position and intensity estimates fromsatellite
pi ctures were provided by the Air Force d obal Wather Center
(AFGAC), NOAA Tropical Analysis and Forecast Branch (TAFB) and
NOAA Synoptic Anal ysis Branch (SAB).

Table 2 lists the observations of tropical stormforce w nds.

Most came from ships at sea. A 39-kt 2-m nute sustai ned wi nd was
observed at Yuma during Nora's passage. Such observations of
tropical stormforce winds are a rarity in the United States for
eastern Pacific tropical cyclones. The peak gust observed at
Yurma was 47 kt. A gust to 45 kt occurred at Aj o, AZ

The NWS Doppl er radar at Yuma showed a 40 nautical mle w de band
of hurricane force winds aloft to the east of Nora's center near
the Arizona/ Sonora border near noon on the 25th. These wi nds
wer e observed at about 4-5,000 ft, could have extended to higher
altitudes, and likely were related to the patch of near-hurricane
force winds observed over the high terrain of southwestern Utah
12-18 hours later. The Yuma radar indicated a snmall area with
near 10 inches of rain along the northern Gulf of California
coast of Baja California. 1In the United States, the 11.97 inches
recorded at the 5700-ft level in the Harquahala Muntains in
Arizona was, by far, the largest total (Table 3). Mre than
three inches occurred in some spots in Arizona, California,
Nevada, and Utah. Sone of the anbunts were conparable to the

| ocal yearly average rainfall

c. Casualty and Danage Statistics

Two deaths were reported from Mexico in association with Nora.
One person was el ectrocuted by a downed power line in Mexicali
The other fatality occurred to a diver caught in strong
underwater currents created by Nora off the coast of the San
Quentin Valley. 1In the United States, there were no deaths
directly related to Nora. The California H ghway Patrol
attributed three or four traffic fatalities in southern
California to weather.

Al t hough Nora renmai ned well offshore from sout hwestern mainl and
Mexi co, the Associated Press reported that waves to 16 feet hit
that coastline, destroying dozens of hones. It also destroyed
the Pie de | a Cuesta beaches of Acapul co.

About 350 to 400 peopl e were nmade honel ess by floodwaters in the
town of Arroyo de Santa Catarina in northern Baja California.
Heavy damage and fl ooding was reported in San Felipe, on the
nort hwestern shore of the Gulf of California. On the

nort heastern shore, at Puerto Pentilde; asco, Nora's w nds bl ew
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down trees, billboards, electric wires, taco stands, and ri pped
sheet-metal from homes. Waves of 10 feet were reported there.

Danage totals in the United States are inconplete at this tine
but nedia sunmaries of Nora included a loss to agriculture
prelimnarily estimted at several hundred million dollars.
About a $30 to 40 million loss to |l enon trees was estinated.

In Somerton, AZ, 10 niles south of Yuma, danmage to nobil e hones
and flooding was reported. About 12,000 people | ost power in
Yuma.

In California, about 125,000 custoners | ost power in the Los
Angel es area with scattered, nmuch small er outages el sewhere. In
San Diego, El Centro, Palm Springs and Indio, street flooding was
reported. Wnds knocked down about 16 power poles in Seeley.

The remmant circul ati on al oft apparently downed and/or sheared
off the tops of hundreds of large (1-2 ft diameter) trees in
sout hwestern Utah, mainly at el evations above 10,000 feet in the
area that includes the Dixie National Forest. Three residences
in that region were damaged by falling trees and power was

di srupt ed.

d. Forecast and Warning Critique

On average, the best short-termtrack gui dance was provi ded by
the statistical track nodels run fromthe AVN and UKMET out put
(P91E and PI9UK) . The best 72-hour forecasts were made by the
UKVET nodel. The average official forecasts were generally
conpetitive with the best avail abl e gui dance. The NHC errors
were conparable to the |long-term averages, except at 72 hours
where they were about 20% I arger than average.

The NHC intensity forecasts did not anticipate the variations in
strength acconpanying Nora's interaction with upwelled waters. A
few forecast errors as large as 40 knots resulted. O herw se,
errors were conparable to long-term averages (which increase to
about 20 kt at 72 hours).

The threat to the southwestern United States was unusual and
requi red an unprecedented coordi nati on between the NHC and
offices in the NW6 Western Region. |n one instance, a conference
call was held with about twelve offices (including the Salt Lake
Cty RFC, Western Region MSD, HPC, and Navy METCC facility in San
Di ego) . From t he NHC perspective, the coordi nati on was snooth
and effective.
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Table 1. Prelimnary best track, Hurricane Nora, 16-26 Septenber
1997.
Date/Time Lat. |Lon Pressure |Wind Speed Stage
(UTC) (N) (W)  |(mb) (kt)
16/0600| 12.7 | 101.7 1004 25 Tropical Depr
1200| 13.2 | 101.9 1003 30 !
1800| 13.6 | 102.1 1001 35 Tropical Storm
17/0000] 13.9 | 102.3 1000 40 )
0600| 14.0 | 102.4 998 40 !
1200| 14.1 | 102.5 996 50
1800| 14.3 | 102.7 994 55 !
18/0000] 14.3 | 102.9 990 55
0600| 14.3 | 103.2 990 60
1200| 14.1 | 103.5 980 75 Hurricane
1800| 14.1 | 103.7 970 90 !
19/0000] 14.3 | 103.9 972 90 !
0600| 14.4 | 104.0 973 85 !
1200| 14.5 | 104.1 974 80
1800| 14.6 | 104.2 976 80 !
20/0000| 14.8 | 104.5 978 70
0600] 15.1 | 104.9 982 70
1200| 15.4 | 105.5 987 65 !
1800| 15.6 | 106.2 985 70
21/0000| 15.8 | 106.7 979 75 !
0600| 16.1 | 107.3 970 95 !
1200| 16.6 | 108.0 950 115
1800| 17.2 | 108.9 951 110 !
22/0000| 17.7 | 109.7 952 110
0600| 18.0 | 110.5 953 110
1200| 18.5 | 111.2 955 110 !
1800 18.9 | 111.8 957 105
23/0000| 19.3 | 112.3 961 95 !
0600| 19.8 | 112.9 973 90 !
1200| 20.2 | 113.3 983 80
1800| 20.7 | 113.7 980 70 !
24/0000| 21.5 | 114.1 979 75
0600| 22.3 | 114.5 979 75 !
1200| 23.2 | 114.8 979 75 !
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1800| 24.2 | 114.8 979 75 !
25/0000| 25.8 | 114.8 979 75 )
0600| 27.5 | 114.8 981 75 !
1200| 29.5 | 114.8 984 65 !
1800| 31.7 | 114.9 990 55 Tropical Storm
26/0000| 34.0 | 114.7 997 30 Tropical Depr
0600| 36.1 | 114.1 1004 25 Dissipating
25/0630| 27.6 | 114.8 981 75 Landfall near Punta Eugenia,
MX
25/1100( 29.3 | 114.8 983 70 Landfall SSE of San Fernando,
MX
21/1200| 16.6 | 108.0 950 115 Minimum Pressure

Tabl e

2. (Cbservations of 34 knots or higher sustained w nds
associ ated with Nora.

Id Name Date/Time (UTC)| Lat. (N) | Lon. (W) [Wind Dir./Spd (kt)|Pressure (mb)

3FGI5 18/1800 17.0 101.8 110/44

C6FA6  |KENNETH P. HILL 18/2100 125 103.9 250/40 994
PGRO PAUWGRACHT 19/0300 130/35? 1009
PGRO PAUWGRACHT 19/0600 17.0 101.5 120/37 1008.8
3ERJ8 [GEORGIA RAINBOW II 21/0000 15.7 108.6 320/48 999
3ERJ8 [GEORGIA RAINBOW II 21/1200 14.7 106.7 180/39 1001.5
PFSJ MAGIC 21/1800 11.4 107.4 220/47 1008.5
ZCBD9 23/0000 225 109.4 110/40 1001.7
ZCBL6 23/0000 20.3 106.8 140/40

ZCBD9 23/0600 22.0 107.8 140/40 1005.4
ZCBL6 23/2100 22.1 110.9 140/35 1002.8
YJZL7  |WISLANES 24/1200 23.1 111.1 140/35 1003.3
ZCBL6 24/1500 25.0 1135 120/44 998.2
ZCBL6 24/1800 25.2 113.8 120/44 995.8
ZCBL6 24/2100 25.3 113.8 140/48 989
ZCBL6 25/0000 25.2 113.7 160/50 991.8
76723 SOCORRO ISLAND, MX 22/0000 18.7 111.0 340/45 992.8
76401 EL MEDANO, MX 24/0600 24.4 111.3 140/40 998.5
72280 YUMA, ARIZONA 25/2106 32.7 114.6 150/39G47 994.6
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Table 3. Stormtotal rainfall reports exceeding 3 inches (except
for a few ALERT gauges in southern California), and sel ected
additional sites with smaller totals, associated with Nora.

Reports of > 3 inches Selected Sites

Harquahala Mtns @ 5700', |11.97| |Idyllwild, CA 2.86
AZ

Yarnell Hill, AZ 6.26| |Prescott, AZ 2.37
Harquahala Mtns, AZ 5.97| |Grand Canyon Nat. Pk., 2.05

AZ
Bagdad, AZ 5.75| [Blythe, CA 2.03
Thumb Butte Tank, AZ 5.75| [Thermal, CA 1.99
Mayer, AZ 5.06| |[Escondido, CA 1.84
Crown King, AZ 4.79| |Mt. Wilson, CA 1.79
Mt. Laguna, CA 4.70| |Palm Springs, CA 1.73
Wickenberg, AZ 4.53| |Flagstaff, AZ 1.70
Hualapai Mtn, AZ 4.50| |Daggett, CA 1.55
Centennial Wash, AZ 4.21] |China Lake, CA 1.49
Tiger Wash Fan, AZ 4.17| |Imperial Beach, CA 1.35
Gladden, AZ 4.02] |Chula Vista, CA 1.33
Upper Tiger Wash, AZ 3.82| [Henderson, NV 1.27
Turtle People, AZ 3.70| [Kingman Airport, AZ 1.13
Flores West, AZ 3.66| [Death Valley 1.11
Upper Morongo Creek, CA | 3.61| |Organ Pipe Nat. Mon., 1.11
AZ

MCAS Yuma, AZ 3.59| |Lake Havasu, AZ 1.00
Upper Tahquitz. CA 3.58| |Palmdale, CA 0.97
Wilhoit, AZ 3.54| |[Imperial, CA 0.96
Horsethief Basin, AZ 3.39| [Twenty-Nine Palms, CA 0.96
Lava Point, UT 3.30| |San Diego, CA 0.80
Mt. Charleston, NV 3.25| |San Gabriel, CA 0.78
Mt. Union, AZ 3.23| |Las Vegas, NV 0.77
Hartman Wash, AZ 3.19| |Pasadena, CA 0.70
Sols Tank, AZ 3.15| [Laughlin, NV 0.60
Mid-Martinez Creek, AZ 3.11| |Bullhead City, NV 0.60
Box Canyon, AZ 3.07| |Los Angles, CA 0.45
Banning Bench, CA 3.07| [Long Beach, CA 0.44
Raywood Flat, CA 3.07| [Tonopah, NV 0.34
Bishop, CA 0.13| [Phoenix, AZ 0.03
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El Ni no/ Southern Gscillation (ENSO
CURRENT STATUS UPDATED MARCH 27, 1998

Strong warm epi sode (EI N fio) conditions have persisted in
the tropical Pacific since June 1997. Sea surface

t enper atures throughout the equatorial east-central Pacific
i ncreased to near 29°C during February and March 1998. At
the sane tinme, departures fromnormal were near +4°C al ong
the West Coast of South America. During 1997 the NCEP
statistical Canonical Correlation Analysis (CCA) and
coupl ed nodel predictions were consistent in indicating the
devel opnent and persi stence of strong warm epi sode
conditions. The | atest NCEP forecasts indicate that strong
war m epi sode oceani c conditions, conparable to those
observed during 1982-83, will continue through June 1998.
Thereafter, both the CCA and the NCEP coupl ed nodel
indicate a return toward normal.

Observed Sea Surface Temperature (*C)

'
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7—day Average Centerad on 29 April 13598
During warm (El N o) epi sodes abnormal patterns of
tenperature and precipitation develop in many regi ons of
the gl obe. These patterns result fromchanges in the
distribution of tropical rainfall and the effects these
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changes have on the position and intensity of jet streans
and the behavior of stornms outside of the tropics in both
the Northern and Sout hern Hem spheres. Current
precipitation El N fio-related inpacts include: 1) Wetter
than normal conditions over the equatorial central and
eastern Pacific (June 1997-March 1998); 2) Drier than
normal conditions in Indonesia (June 1997-March 1998), and
in equatorial South America east of the Andes nountains
(June 1997-March 1998); 3) wetter than nornmal conditions
over central Chile (My-August 1997) and central portions
of South Anerica (October 1997-March 1998); and 4)
exceptionally heavy rainfall over equatorial eastern Africa
(Cct ober 1997-February 1998), with totals nore than 1000 mm
above normal observed in parts of Kenya. In the United
States, wetter-than-normal conditions devel oped over
California and throughout the eastern Gulf Coast states and
Fl ori da (Novenber 1997 through March 1998).

U S. SEASONAL FORECASTS
Updat ed March 27, 1998

In the follow ng tenperature forecasts, shades of blue
indicate a |likelihood of bel ownormal tenperatures, while
reds inply a likelihood of above-normal tenperatures. In
the precipitation forecasts, shades of brown indicate a

| i kel i hood of bel ow normal precipitation, while greens and
bl ues indicate a |likelihood of above-normal precipitation.
The conplete suite of 13 seasonal tenperature and
precipitation forecasts are available. The detail ed map

| egend is al so avail able. Note: The bar at the bottom of
the 13-nmonth outl ooks lists the three nonths of the
forecast.

50



Temperaiure Outlosk Frecipliation (hutleok
March-Nay Mnrch=Rhuoy

A bove

Tenwperature Cutlivok

Frecipitation Cmtlook
Jumees Angusd

Juimee-Am gl

_H|
O T O TS
- 3 12 E it _..'-'..-.
| r TEFIE
- —
. ra

e

]

g

=

a

E

O T

Canoni cal Correlation Analysis (CCA) Rainfall Forecasts for
Paci fic Islands

CCA forecast of rainfall deviations fromnormal at selected
tropical Pacific stations for the two coming 3-nonth periods.

Red nunbers show positive deviations fromnornal (nore rainfall
than normal ) while blue nunbers show negative deviations from
normal (less rainfall than normal). The val ue of the nunbers tell
how | arge a deviation fromnormal is expected. These are not in
mllineters, but are in standardized units that indicate how
typical (or non-typical) the rainfall conditions are expected to
be relative to the station's normal climate for the season in
qguestion. For exanple, nunbers fromO to 25 (or O to -25) are
smal | deviations, indicating conditions that would usually be
considered typical of the climate for the station and the tine of
year. Deviations from25 to 60 (or -25 to -60) are noderate
devi ati ons, indicating sonmewhat wetter (or dryer) conditions than
woul d be expected for the station and the tinme of year.

Devi ations of over 60 (or less than -60) are | arge devi ati ons,

i ndicating substantially wetter (or dryer) conditions than norna
for the station and tine of year. The SIZE OF THE TYPE of the
nunber (not the value of the nunber) indicates how accurate the
forecast is expected to be, on the average, for the station at
the given time of year and the forecast lead tine. There are

three sizes: the smallest size indicates |low skill, the nmedi um
size indicates noderate skill, and the | argest size indicates a
relatively high skill. Forecasts shown in the smallest type size

are considered to have little reliability, while those in the
| argest type size can be trusted nore.
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{1) CCA FORECAST FOR MJJ 1598 (0.5 month |ead)

{2) CCA FORECAST FOR ASC 1998 (3.5 month |eod}
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CHAPTER VI
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