Snowmelt Parameters Worksheet

Drainage: Average elevation (nearest 100 feet):
Month: Region:

A. Temperatures and Dewpoints During PMP Storm

1) Average 12-hour February 1000 mb persisting dewpoint over basin (Figure A4.8):

2) Precipitable water (W,)) for temperature from Step A.1 (Figure A4.1):

3) Seasonal adjusiment for month selected (Table Ad.1):

4) Line 2 xline3 =

6-Hour Period

1 2 3 4 5 6 7 8 9 10 11 12

W,
corresponding to
6-hour temperature
increments during
PMP storm. Line 4
x %’s of Table
A4.2 (inches).

6) 6-hour
incremental sea-
level temperatures
and dewpoints
from Figure A4.1
(F).

T) Sea-level
temperatures and
dewpoints adjusted
to average basin
elevation. Figure
A4.2 (°F).

8) Height of 32°F
above mean sea-
level. Figure A4.2
{1000's feet). Use
dewpoints from
line 6.

9) The ternperatures and elevations in Steps A.7 and A.8 should be arranged in time sequence corresponding to the
selected PMP storm sequence (see E.3),
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B. Temperatures Prior to PMP Storm

Hours Prior to Storm Onset

48 42 36 30 24 18 12 6
1) Differences between temperature at the beginning of
storm and at indicated hours prior to storm. From Figure
A4.3, in range from curve A, to curve B (°F).
2} The above differences are added to the initial temperature determined in Step A.9.
C. Dewpoints Prior to PMP Storm
Hours Prior to Storm Onset
48 42 36 30 24 18 12 6
1) Differences between dewpoint at the beginning of storm
and at indicated hours prior to storm. Figure A4.3, curve
C (°F).
2) The above differences are subtracted from the initial temperature (dewpeint) determined in Step A9
D. Snowmelt Winds
6-Hour Period
r 2 3 4 5 6 7 &8 9 10 11 12

1} Winds from Figure A4.5 (Regions 1, 3, 6)
or A4.6 (Regions 2, 5) and interpolations at
average basin elevation (feet msl) reference
Figure A4.4 (mph).

2) Winds reduced to surface conditions. See
text for factor to be used. Step D.1 winds x
factor (mph).

3) Surface winds adjusted to month selected.
Step D.2 winds x (from Figure A4.7)

(mph).

4) Arrange 6-hour winds (Step I.3) in time sequence similar to ammangement of precipitation and

temperatures in PMP storm (see E.4),
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E. Time Sequence of Temperatures, Winds and Precipitation Durin torm

6-Hour Period
1 2 3 4 5 6 7 8 9 10 11 12

1) Month of concern 6-hourly
PMP increments for the selected
drainage obtained by procedures
of Chapter 13 (inches).

Time in Hours From Beginning of Storm
6 12 18 24 30 36 42 48 54 60 66 72

2) 6-hour PMP
increments
arranged according
to sequence
adopted in Section
132, Siep 8
{inches).

3} 6-hour tempera-
tures from A.7
arranged in same
sequence (°F).

4) 6-hour winds
from D.3 arranged
in same sequence

{mph).

5} Height of
freezing level from
AR in same
sequence (1000's
feet).

Hours Prior to Storm Onset

48 42 36 30 24 18 12 6 0

6) Temperature prior

to storm. Differences of B.1
added to the temperature from
E.3, 6-hour column.

7) Dewpoints prior to storm,
Differences of C.1 subtracted
from the temperature from E.3,
6-hour column,

8) Winds prior to storm may be assumed to be the 72-hour duration value from D.3 for two days prior to storm.
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Snowmelt Parameters Worksheet
(Example)
Drainage: Auburn Average elevation (nearest 100 feet): 4700
Month: Mid-November Region: Sierra (3)

A. Temperatures and Dewpoints During PMP Storm

1) Average 12-hour Febroary 1000 mb persisting dewpoint over basin (Figure A4.8): 60° F
2) Precipitable water (W) for 60° F (Figure A4.1). 1.38
3) Seasonal adjustment for November (Table A4.1): 1.17

4) 1.38 times 1.17 = 1.61 inches

6-Hour Period

1 2 3 4 5 6 7 8 9 10 i1 12

Syw,
corresponding to
6-hour temperature
increments during
PMP storm. 1.61 1.67 |16t | 1.56 | 1.53 | 1.50 | 147 | 143 (142 {138 | 137 {135 | 134
x %’s of Table
A4.2 (inches).

6) 6-hour
incremental sea-
level temperatures
and dewpoints 63.8 | 63.0 | 623 1620 )616 |61.1 | 608 | 606 |60.0 {599 | 596 | 59.3
from Figure A4.1
(°F).

7) Sea-level
temperatures and
dewpoints adjusted
to 4700 feet
elevation. Figure 51.5 | 507 | 49.8 | 494 | 49.0 | 484 | 480 |47.6 | 473 1470 | 467 | 463
A4.2 (°F).

8) Height of 32°F
above mean sea
level. Figure A4.2
(1000's feet). Use | 11.6 | 11.3 {109 | 10.8 | 10.7 | 104 | 102 | 10.1 | 9.9 9.8 9.7 9.6
dewpoints from
line 6.

9) The temperatures and elevations in Steps A.7 and A.8 should be arranged in time sequence corresponding to the
selected PMP storm sequence (see E.3).
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B. Temperatures Prior to PMP Storm

Hours Pricr to Storm Onset

48 42 36 30 24 18 {2 6
1) Differences belwe‘en temperature at the beginning of
storm and at indicated hours prior to storm. From Figure 100 {95 | %0 |80 |70 |60 |45 | 35
Ad 3, selecting curve A, (°F).
2) The above differences are added to the initial temperature determined in Step A9
C. Dewpoints Prior to PMP Storm
Hours Prior to Storm Onset
48 42 36 30 24 18 12 6
1) Differences between dewpoint at the beginning of storm
and at indicated hours prior to storm. Figure Ad.3, curve 35125120120 ]15 |10 10|05
C (°F).
2) The above differences are subtracted frorm the initial temperature (dewpoint) determined in Step A.9.
D. Snowmelt Winds
6-Hour Period
1 2 3 4 5 6 7 8 9 10 i1 12
1) Winds from Figure A4.6 and interpolations
at 4700 feet msl (4700 feet = 840 mb) TR 169 | 64 160 |57 |54 |52 S0 |49 |48 [ 47 |46
reference Figure A4.4 (mph).
2) Winds redoced to surface conditions
similar to Auburn. Step D.1 winds x 0.75 59 |52 148 {45 143 140 |39 |38 137 |36 3535
(mph).
3) Surface winds adjusted to November. Step
D.2 winds x 0.82 (from Figure A4.7) (mph). | 48 |42 |39 |37 |35 |33 |32 |31 [30 (30|29 ]29

4) Arrange 6-hour winds (Step D.3) in time sequence similar to arrangement of precipitation and

temperatures in PMP storm (see E4).
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E. Time Sguence of Temgraturesa Winds and Precigitatiog During PMP Storm

6-Hour Period
1 2 3 4 5 6 7 8 9 10 11 12

1) November 6-hourly PMP
increments for the selected 69 |43 |34 |32130 |29 |29 |28]|21|12]11]10
drainage obtained by procedures
of Chapter 13 (inches).

Time in Hours From Beginning of Storm
6 12 18 24 30 36 42 48 54 60 66 72

2) 5-hour PMP
increments
arranged according
to sequence
adoptedin Section | 3.0 | 29 | 28 | 29 §32 | 43 |69 |34 | 12 {10 |21 |11
13.2, Step 8
(inches).

3} 6-hour tempera-
tures from A.7

arranged in sams 49,0 | 484 | 476 | 48.0 | 494 | 50.7 | 51.5 | 498 | 47.0 } 463 | 47.3 | 46.7
sequence (°F),

4) 6-hour winds
from D.3 arranged
in same sequence 35 33 3 32 37 42 48 39 30 29 30 29

(mph).

5) Height of
freezing level from
A.8 in same 10.7 | 104 | 101 | 10,2 | 108 | 11.3 | 116 | 109 | 98 96 | 99 | 9.7
sequence (1000's '
feet).

Hours Prior to Storm Onset
48 42 36 30 24 18 12 6 0
6) Temperature prior
to storm. Differences of B.1 59.0 | 585 580 | 570 ] 560 | 550 | 535 525 | 49.0

added to the temperature from
E.3, 6-hour column.

7) Dewpoints prior to storm.
Differences of C.1 subtracted 455 | 465 | 47.0 | 470 | 475 | 480 | 480 | 485 | 49.0
from the temperature from E.3,
6-hour columnn.

&) Winds prior to storm may be assumed to be 29 mph for two days prior to storm.
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Figure Ad.1. Variation of precipitable water with 1000-mb dewpoint temperature.
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Figure Ad.2. Decrease of temperature with elevation.
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LEGEND

A:Envelope of observed differences
prior to maoximum three day storm -1
precipitation.

B: Envelope of observed increoses
during snow cover periods. —

C: Dewpoint curve ossociated with A,.
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Figure A4.3. Temperature prior to a PMP storm.
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Figure Ad.4. Pressure-height relation.
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APPENDIX 5§

Storm Separation Method

The storm separation method (SSM) was devised for HMR 55A (1988) as a technique
that would identify orographic and non-orographic components of precipitation produced by
storms over regions of varied topographic characteristics. The identification was achieved
by using all the various kinds and amounts of available information about the storms to
answer a uniform series of questions. The original version of the SSM and updates to it were
printed in HMR 57 (1994).

It was decided that users of this report (HMR 59) might want to review the original
and updated material constituting the SSM in connection with their reading of Chapter 3,
Section 5.4. These materials are reproduced here; the material from HMR 55A coming first,
and the updated material from HMR 57 following it. References in each of these groups of
material to figures, chapters, or sections in the parent reports have been retained rather than
masked out in the reproductions. We hope that these references, may be useful to those who
wish to dig deeper into such matters.
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7. STORM SEPARATION METHOD
7.1 lotroduction

[n order to establish FMP 1in the €D-103 region, it was considered necessary ta
find a property of observed major stems precipitatlen events that (s only
minlmaily effected by terrain sa transposition of abserved precipitatfion amcunts
would notr be limited to places where the terrain characteristles are the same as
those ar the place where the store occurred, The name given to this idealized
property is “free acmospheric fotced precipitation” (FAFP) which has been called
“convergence only” precipleation in publicaticns such as HMR No. 49 [Hansen
er ak. 1977}, For a more complete definition of FAFP, see the Glossary of Terms
in section 7.2, It 1s emphasized thar FAFP 15 an idealized ptoperty of
precipitation singe noc experiment has yer been devised to idemtify in nature
which raindrops were tormed by vrographic forcing and which by atmaspheric
forcing. This chapter explains how FAFP may be estimated Tor specific storms.
Background infprmation 1is provided on the development of rhe staorm saparation
mechod (S5M).

7.2 Gloasary of Terme
Terws frequently used in the SSH are lisced alphabeticaliy.

Ayt See P . [r is the term for the effectiveness of oragraphic forcing
used in module 3.

Al: The analysis intetval, in i{nches, for the Lsohyets drawn for a sterm.

By: See PCTZ. it 1s the term representing the “triggering effecta” of
orography. It 13 used ln module 2. B; L9 a number bectween O and 1.0
representing cthe degree of FAFP tmplied by the relacive positloning
of the lst through i-cth isohyetal maxima with those terrain features
{steepest slopes, prominenced, converging upslope valleys) generally

thought to finduce or “stimulace” precipltaticn. A high positive
correlation between C[errain [Eeatures and isohyetal maxima ylelds &
tow value for Bg. For each fisohyetal maximum there 1s just one

B-type correlation and, thus, 1f the area covered by a glven maximum
is extensive enough s¢ that mote thsn one ares category 1s concained
within 1its Iimits, the B corretationse are determined using all
imahyecs comprising a patticular maximum. For the
larger~area/shorter—duracion categaries, the By correlation mav need
to he made la widely separated, noncontigucus areas.

When avaflable, the chart of maximem depth-arga-duration curves
from the Part ![ Summary of the store analveis |, along with 1its
associated documentation, is the primary source for determining how
many centers (n} and which {sochyetal maxima were used to detetrmine
the avecage depch for che area deing considered.

BFAC: 0.95 (RCAT). 1Ir represents an upper limtt for FAFF in modules 2 and
5. See also the definitieon for PX,

DADRE: The depth-area-duration reducilon facter ts the ratfc of two averame
deptha of precipicarion.

DADRF = RCAT/MXVATS
DADFX: OQADFX = {HIFX)(DADRF). It i used in module 2 Lo representc the

largest amount of nonoregraphic precipitatten csused by the sgame
stmonpharic mechaniem that produced MKVATS.

Fi: See PCT2. It is the term for the "upsloping effects”™ of oragraphy
and it is used in module 2. Tt {3 a number hetween 0 and 1.0, which
represents the degree of atmospheric forecing implied by the
ariencation of the applicable upwind segmenta of the isohvecs with
elevation contours (high pomicive correlation of cthese parameters
means a low value for F,)} for the )sr chrough i-th maxima. For an
isohyetsl maximum there (s just one F-tvpe corrafation, and 1if the
area cavered by a given maxitum is exrensive encugh a0 that more chan
one area categery (s contained within its limits, the F correlations
are the same for each of the area cacagories. F-type correlations
are determined uaing all 1sohyete compeising a particular maximum,
As with B-cype correlations, maximus depch-aresa-duration curves fron
the Part Il of the starm report should be used to determine which
precipitation centers are involved in the isohveral maximum.

“a depch-area-duration storm analysis Is separated into two parts. The Ffirst
part develops a prelimiocary fsohyetal map and mass curves of rainfall far all
Wtations in the atarm ares. The aecond part includes a fipal f{sohyetal map,
computation of the average depth of rainfall over ail {wchyetal aveas and
determination of the maximum average depth [or all ares sizas up te the total
Storm area. The complete procedute used for making depth=srea=durastion analysts
is described {n "Manual for Depth-Atea—Duration Analysis of Storm Prec{pitatian”
(World Meceorologlcal Grsentzatian 1988).
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FAFE:

LOFACA:

Free Atmospheric Forced Precipitation is the precipitation not caused
by orographic forcing; 1.e&., 1t 1s precipitaticn caused by the
dvnamic, thermodvnamic, and mi{crophvslical PTOCEBNEE of the
atmosphetre, It 1s all cthe precipitation from a storm accurring in an
area vhere TtTerraln influence or forcing fs negligible, termed a
noncroeraphic area. ln areas clasnified as m_'ogrlphic, it i{s that
part of the total precipitarion which remains whea amounts
attributable ta arographic forcing have been removed. Factors
tnvolved in the production of FAFP are; coaovergence at middle and
tow tropospheric levels and often, divergence at high lzvels;
buavancy arising from heating and irnstability; fotcinmg from meacacale
syacews, l.e., pseudo fronts, squall linea, bubble highs, etec.; atorm
scructure, eapecially at the thunderstorm =cale invoiving rhe
tnteraction of precipitaticn unloading wirh the etorm sustaining
updraft;: and lastly, condengation efficiency involving rthe role of
hydrnecapic nuclef and the haights of the condensstion and freezing
levels.

The largest Llsohveral value 1in the nonoragraphic gpart of the storm.
The same atmospheric forces (storm mechanism) must be the cause of
precipitation over the aress covered bv the isohvet usad to derermine
HIFX and MAVATS.

That part of RCAT attributed sclely te atmospheric processes and
having the dimension of depth, Since it 1s postulated that FAFP
cannat he direcrlv observed 1n an oragraphic ares, some finige
porticn of it was caused bv foriing othar than free atmesphetric. The
FAF? component of the total depth must always be derived by making
one or more assudptions about how the precipitation was csused. The
subscript "m" identifies the single assumption or set of assumptians
used to derive the amount designated by I. For example, & subscripe
of 2 will refer to the assumpticns uvsed in module 2. The key
assumprions of sll the modules are detatled in sectiom 7.3.1. Refar
to the pchematic for each module 1in figures 7.3 to 7.6 for the
specific formulation for each I .

LOFACA 1s the lowest isohyetal value at which it firsc becomes clear
to the analyst that Lhe topegraphy 1s influencing the dlstributfon of
precipitation depths. Confirmation of this influence is assumed to
pccur when good correlation is observed between the LOFACA {sohyer
and one or more elevarfen contours in the orographic part of the
SCorm.

How 1s LOFACA Found? A schemarle isohyetal parttern fs shown hy the
solid lines Im Eilgure 7.1 to illustrate this procedure. Start at the
storm center and follow the {nflow wind direction out to the lowest
valued {sohvet in the analysis (no lower ctham | 1n.) located {n che
arographic part of the storm. 1f the storm pattern iz oddly shaped,
it may be necessarv to use 8 direction slightly different from che
exact inflow direction. Any direcrion within & 2.5 degrees efther
gide of the inflow direcrfon which allows compacrisons of the sorc
degscrlbed above 1§ acceptahle. The wvector CL in the schematic of
figute 7.1 represents the path fn this storm that {s parallel to the
inflow wind and direcced ar the lowest valved i{schver, Next, draw

Orogrephic
3 Separation Lina

-

i

Pigure 7.].~—Schematic illustrating determinatiom of LOFACA.

two lines parallel to and eicher side of the vecror CL. Each of the
carallel lines will be drawn at a distance from CL of 1/2 the length

of CL., These lines are the dash=dat lines in figure 7.1.
The range lines ead at the

lines will be called “range lines.”

These

orpgraghic separation line (the saw—toothed line in flgure 7.1) since
only correlations {n the orographic part of the storm ate Impottant

in determining LOFACA.

The next step fs to examine those i{sohyets which Intersect the
range lines down wind of the ztorm center of {achyetal maximua. Such
segments are considered candidate Isohyetal segments (CIS)} and they

are depicted by the segmears of the dischyets PY and
The objective [s to determine which CI5 has
correlatfon with ropographic (features indicated by rthe
lines. A good correlation 1s a CIS that parsllels one
smoothed elevation contours along ane=half or wore of its

Figure 7.1.

GZ in
4 geood
dashed
of the
length.

When no isohyet is found meeting the criterion, LOFACA is defined to
be zero., As depicted in the schemarie, the 6—In, CIS indicated by
the s6lid line {from P to Y) shows a good correlation with the 2 + 2

and 7 + 3} contours, mo the value of LOFACA 13 & {n.

If the 4-in.

isohyet 1in figure 7.1 had been alomg the datted line from P to X,
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LOFAC:

MXVATS:
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thers would have been a poor correlation and che value of LOFACA
would heve bespn zero for this storm.

The signiffcance of LOFACA s that precipitaction depths at and
below this value are assumed to have been produced solely by
atmospheric forces without any additienal precipitstion resuleing
Erom topographic effects; {.e., they represent the "ninimun level™ of
FAFP for the storm. 1f more chan one Lschyecal centet exists Eor the
atea slze selected, the procedure is followed For each center. If
the value of LOFACA ts different for two or more of these centers,
the lowest of the values 1s uaed as the one and ooly value of LOFACA
for that stormm and area size.

{AL)

LOFAC = LOFACA + i;‘l e 2 -1,

It fs a refinement to LOFACA based on the concept rthat AL may
prejudice the aszigning of a minimum ievel aof FAFP.

The average depch of precipitation for che toral steym duration for
the smallest area size analyred, provided that it is natr larger than

LOD mi®. It is obtained from the pertinent daca aheet (P.D.5.) fpr
the storm inc tuded in "Stotm Rainfall” {(Corps of
Engineers 1945 - ), Tt is used in several modules to calculate

percentages of FAFP. 1f rhe area criterfon caonot be met, the arorm
Is nor used in the studv.

When used In module 2 it is the number of analvzed [sohyetal maxima
used ro ser the average depth of precipitation for a given ares siza,

Orographic Separation Line §s a line which separates the CD=103
regicn fnea two distinet reglons, where there are different
arographic affects on the precipitat{on process. In one regicn, the
noaorsgraphic, it is atssumed no mpre chan a S-percent change {in
efther lncressing or decreasinmg the precipitation amount for any

storm or series of storms) results from rterrain effects. In
contrasc, the other reglon Is one where the [(nfluence of cerrain aon
the precipitation process Is significant. An upper limtr of

95 percent and a lower limit of no less than 5 percent is allowed.
The 1ine may exist anvwhere from a few to 20 miles upwind (where the
wind divection is chat which is judged to prevail in typical recard
setting storms} of che polnt at which the cerrain slope equals or
exceeds 1,000 ft om 5 miles or less with rTespect ro the 1nflowing
wind direccion (sec. 1.2).

F, (and A,) {5 a ratio 1n which the effectiveness of an actusl storm
in producing precipitatioa 13 compared Wirh a conceptualized storm of
"perfect” effectiveness. In such & conteptual model, features knpwn
by expertence to be highlv correlated with positive vetrtical mations,
or an effictent storm structure, would be mumerous and exist ac an
optimum {not alwavs the largzest or strongest) incensicy level.

2

I2

Thus,

P o= Effectiveness of Actual Atmospheric Mechanisas
a 100

wvhere the numerator is a aumber berween 5 and 95

A
o

. Effectiveness of Actual Ovographic Mechanisms
100

where the nuaeratar (s # number hetween O and 495.

It would have been desirable to express bath Py and A, in physically
seanlngful unics; however, this was not considered practical because
the available meteoralogical data for mokt of the storms of concern
are generally extremeliy limited. Hence, the present formulatian s
expressed in  terms of subjective LInferences about physical
parameters known co be effective in the productien of precipitation
either in major scorms in nonorographic reglons or by considering the
results of flow of sacurated alr against ofographic barriers. This
type of formulation is Tequired, because of the limited availability
of meteorological infarmatton for the storms, but 1s consideved
adequate for the purposes of this report. Mechanically, the
effectiveneas of the parrfcular storw 1is derived by usimg the
checklists in module 3.

The ratie of the nonorographic area containing precipitatlon to the
cotal storm precipitation area is given by PA. Its inverse is used
when secting a realistic upper limit for I3 and Iy (see definition
for PX on the folloving page). Areas 1in which the depch of
precipitation is less than 1 fn. are rot used in Eorming cthe ratia.
In concrast to PC, PA does not depend upon the area size being
conaidered in the storm separation method.

When the LOFACA isohyet does not extend Erom che arographic part inta
the nonovographle part of the scorm, it is the ratle of the sum of
the areas in the aomorographic part containing amounts equal to or
greater than LOFACA {the numerator) [o the total nonorographic area
{n which precipitacion depchs associated with the storm are | in. or
more, When the LOFACA isohver does exrend inco cthe ronorographic
part of the diorm, rhe numerater fds increased by an amount
representing the area bounded by the LOFACA isohyet amd the O0SL. It
ls used in module Z in setting a value far LQFAC. Note: when
LOFACA is zero, PR will be one and LOFAC will alsc equal zero.

1t 1% used in the forwulations of PCTI, PCT2Z, and PCTI tc take inta
account the contributfon of nonorographic precipitstion to total FAFP
(which includes FAFP contributions from orographic areas). It is
expressed as a number between 0 and 9.95 The wvalue of the uppar
limir is D.%5 because no siorm in which wmore than 9% percent of the
precipication fell in nonorographic atéeas was considered. Thus, some
storms from che list of laportant storms were not cunsidered since
they occutrred Ln the nonacographic regian.

[f, for the area site being considered, parc of the total volume of
precipitacion occurred in a nonorographic area, PC is rhe ratio of
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PCTL:

that parcial volume tc the tatal volume. If none of the tatal velume
was aonorographic, PC = Q. The rcatie of volumes 1s obtained by
forming the ratic of the correaponding ares sizes firgt, than
multlplving that ratlo by an esrimate of the average depth in the
aonorographte area, and finallv dividing thiz result bv the average
depth far the total area, both of rhess depths oceurr{ng at maximum
duration.

15 the smaller of elther BFAC or DADFX multiplied hy (PA]—l exXtept
when PA = 0, in which case PX = BFAC. Once selected, PX serves ro
define what is a reallistic uppet limic for 1; and Is.

RNOVAL

MXVATS {0.95-PC).

PCTL = PC +
MXVATS is used oniy for trhe smzllest areg slze on the FP.D.5.
{provided thar 1t (s not greater than 10D mi"} because the average
deprh at larger area sizes is influenced by how ischyets were drawn.

¥
(29 + B
In

it 15 a number between 0 and N.95 where n 1s the mumber of ischveral
maxima In the cragraphic part of the s.orn applicable to the
area/dutation cartegory helng considered. Estimates of F- and B=type
correlatlians are dependant upon the auality of the tsohveral analysis
and upon praoper identificstion of the precipitation centers invalved
tn the area category undet considerstion. When there 1is no Part I}
storm studv infarmation available, the analvsc must decide whether a
reascnable escimate can he made for n. When there are just 2 few
maxima, each ar a different depth, a reasonahle estimate ls likely,
wvheteas when there are nunerous maxima all of which are for the same
depth and which enclose about the same area, it is less likely that a
reliable value for PCT? can be c¢al¢ulaced. When the lazter i{s the
case, the ansuer (p question 13 1in module 2 will be "no” and rhe
analvsr documents this strwation in module 5 after completing
modules 3 and 4,

PCTZ = BL + (0,95 - PC)

This is the raclo lleCJ\T wvhere l? is the tatal amount af RCAT thac
is FAFP. Iy is defined by cthe relationship:

[; = {LOFAC +(HAVATS=LOFAC)PCT2 | DADRF

Substitution of these tarms fnto the definition far PCTZ2Z leads to
the relationship:

PCTZZ = PET2 + (&D‘c’s:gs) (1-PCTZ}

P
PCTI & PC + | 2 L05=
(P rary )(I’J 95-BC)
a a

1t 1s a dimensioniess number wusually bereeen 0.05 and 0.95,
representing the percent of the rotal depth of prectpitatton for a
given area’/duration category actclbutable to the atmospheric

pracesses alone, Tt 1is obdrained not onlvy by constdering primarily
meteorological information, but also by considering the followlag
ninimal list of addicionsl tnformation: a P.B.S. for the storm (DAD
data) including the locarion of the scom center; a chart of smpothed
contours af tervaln elevetion; and precipitatien daca sufficienr to
define. where nprecipitation dld or did not occur. More detailed
precipitation informatien is uded, when available.

The rtange of 0.05 to 0.95 is considered ressonable, because it s
pestulaced rhat the orographic influence never completely vanishes,
and when the orographic influence is predominant, precipicacion would
Aot  contipue without some contribution from acmospheric forecing
mechanisns. Though not expected ro oceur, it {8 conceivable that
PCT3 may exceed 0.95 1if che estimated oropraphic forcing was
downslope, actually decreasing the tocal posaible precipitation.
This matcer 1s discusaed further {(n the sectlen dealing wich
module 3. The forwmulation for PCTY is meant to applv orlv to majer
storms and definmitelv not te minor storms where negative terrain
foreing pn lee sloves might approach, or exceed, the magnricude of the
atmospheric foreine.

The average depth of prectpitacion for the selecref categorv. The
"CAT" indicates that the parameter R {s & variable depending on
category definition.

RNOVAL: Representative nanorographic value of precipitation. It 1s the
highear abserved amount im the nonorographic part of the scorm. The
value of RNOVAL 1s not adjusted to the elevacion at which MNVATS is
believed to have occurred. RNOVAL and MAVATS must result from the
sane atmospheric forces (scorm mechanism).

7.3 Backgrouod

The 8SM was developed In the present format because four distinct sets of
precipitation information were avajlable for recard-setring storms In the CD-103
Tegion. These were:

1. Reported total starm presipitatlon, used {n module |.

2. Ischyet and depth-area—duratlon analyses of rtoral storm precipitation,
including Part 1 and Part 11 Sumnaries, used in module Z.

3. Meceorologfcal data and analyses therefrom, used {n module 3,
4. Topogtaphic charts, used in all modeles.

Since the guanticy and quality of the information tn the first three of these
sets would vary from atorm te gtorm, it was concluded that & method which relfed
on just one of the firstr three gets (along with ropographic charts) might be
quite useless Ffor certain storms, Alternatively, one could have a SSM which
aAlways combined informatfon from the first three sets. This choice was rejected
since, for moet of the storms, one or more of the sets might contain no ussful
inforsation and hogus data would have to be used. Clearlv, the 55M depends on
the validity of the input information.
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DETERMLINE VALUES TO
BE USED IN SUBSEQUENT
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FAFP BASED DN ORSERVED
HAXIHIM AMOUNTS IN
OROGRAPHIC AND HON-
OROGRAPHIC PARTS OF STORM

MODULE 1:

HODULE #:
IRLTTALIZATION

EROUCH PRECIPITATION
DATA

ORSERVATIONS

NOT_ENOUGH
RECIPITATION DATA

FAFP BASED ON DEGREE

ACCEFTABLE ANALYSIS

OF CORRELATION BEIWEEH MODULE i:
TSOMYETS AND TERRAIN CORRELATIONS
CONTOURS

POOR/MISSING TSOWYCTAL
ANALYSTS

FAFF BASED QN COMPARTSON
OF STORM FEATURES WITH
THOSE FROM MAJOR HOK-
OROGMAPHIC STORMS

HADULE 3:
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DOCUMENT PREYIOUS

PERCENTAGE CALCULATIONS

SELECT/DOCUMENT

Pigure ?.2.—Main flowchart for S5M.

Four sets of {nformation ate used in the SSH to produce up to Eive esCimates c
FAFP+ for area categories up to 5,000 mil and durations up to 72 hr for storr
with major rainfall zenters 1n arTesas classified as “orographic.” The mechanic
of the procedure used to arrive at one numerical value of FAFP for anv relever
area/duracion (A/D} cetegory fof anv gqualifying storm are accomplished b
coppleting crhe tssks symbolically represented in 2 MATN FLOWCHART for the SS
(fig. 7.2) mlong with irs associated SSM MODULE FLOWCHARTS (fig. 7.3 to 7.7) wit
teferences to the following items:

L. Clossary of Terms (sec. 7.2).

2. Concepen for use of the wodules (sec. 7.3.1).

3. Specific questions to be answered in che HAIN FLOWCHART and the MODUL
FLOWCHARTS .

7.3.1 Bamie Coucepcs

The walidiey of the ctechnigues in the §$5M depends on the validiey of ¢k
concepts upon which thay are based. Fvaluarion of these coocepts is crucial 1
the applicacion af the procedure. A relatlve evalustion of rhe wvalidity of th
concepts underlving rthe individual mcdules will govern which of the five possibl
values will be used for FAFF for a glven A/D cetegory. The svaluation 1
formalized in module 5 {column E) of che 55M based on the analyats evalvation o
the various concepts. Several concepts are bhasic to acceptance of the pracedur:
as & whole (all modules) while otheta relate to the evalustion of {(ndividua
wodules.

Todelal Oversll Method, The toctal depth of precipiracisn For a given A/:
category is composed of precipitatian thst rtesulcs from atmospheric forces am
from the added effect of arography. The method asmumes that cthe effect o
orography may either contribute to or take away from the amount of precipitatior
that {8 produced by the actmoaphere. When the orvographic effect 1s positive
(expressed as a percentage contributian to total precipitatiesn), 1t mav nat b
leas than 5 percent. 1f L[t 1is also assumed chat the terrain surrounding che
tocarion where a glven storm of record occurred had been transparent; 1.e., hac
no effect on the atmospheric forces acting there, the resulting total precip-
lratfon would be the same as the free afr farced companent of precipltation for
the actual scorm.

It i3 assumed that the FAFP never completely dlsappesars in staorms of record.
and rthe totsl volume may caatain contrihutions over borh the prographic anc
nonorographic areas. The further assumption 13 made that, when no ocher
Lnformation {s avatlable at cthe shorter durations, inferences made fror
precipitation depths valid act maximum storm duration for a given ares are equall:
valid for che same area at shorter durarions down toe and including che minimur
duration category.

7.3.1.2 Module 1. There are Cchree components that wunderlie the use of
precipitation abservarions {in the eszimation of the contributlon of the
atapsphers ro the precipitation amownts in storms. These are:

I. If free aztmospheric foarveing in the nonorographlic part of the storm hac
been smaller that &t was, the value of the wmaximum depth ot

precipitacian would have been praporcionally less.
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2. The FAFP f{n the orogrsphic reglon of the storm is approximated by the
meximum precipitation depcths {n the nonoregraphic regian, as long as the
game atmospheric forces are fnvalved at each location.

3. Estimaces of rhe FAFP based on assumprions | and 2 are bettey for small
rather than intermediats or large area sizes.

7.3.1.3 Modaute Z. This module uses an ilsohyeral analysis of the precipitation
data co evaluate the free air foreed componenc of precipitarion. Ipherent in the
use of this module Is the exiscence of an isohyeral analysis based on adequate
precipitation informaticn and prepared without undue Teliance on normal aneual
precipitacion or orher rainfsll indices which mav iaduce a spurious correlation
betweean the precipiration amounts and topogTaphy. In additten, there are five
cther concepcs underlying chis ®sodule. These ara:

l. One or more than one level of LOFACA may exist io° the arographic part of
a storm. Uhen more Cthan one sCOrm ceater 1s contained in A given area
categery, the lowest level of LOFACA found 1s usad for that area aize.

2. LOFACA exlsts when there 15 a3 good correlacion berween some isohyer and
elevaticn conrours.

3. Upsloping and triggering (F- and B-type correlatlons) are of equal
significance in determining the percencage of precipitstion abhove LOFACA
which is terrain forced.

b, For an orographic storm {ecentered in th orographic portion of the
region), the larger the nonorographic portion becomes (in celation to
the total srorm area), the wore 1ikely that the observed largest
ratnfall amount fn the nonorographic portion (as represented by DADFX)
is the "trus™ uppet limit to FAFP {n the orographic part of the storm.

5. Egtimates of FAFP using cthe above asgumprions are betifer at Intermediate
and large rather than amall area sires,

7.3.1.4 HModule Y. This module makes use of the meteorclogical analysls and the
evalyation of the Lnceraction of dynamic mechanisms of trhe atmosphare with
tercain to estimate the FAFF. There sre seven baslc concepts underlying rhe use
¢f this module. These are:

1. Estimates of FAFP oade using the technioues of this module mavy he of
marginal reliahility tf the storms considered are those producing
moderate or lesmer precipitation amounts.

2. A varlety of storms exist, each ane of which has an oprtimue
configuration for producing extreme precipitation.

3. The more closely the armospheric forcing mechanigms Eor s given storm
approach the ideal effecriveness for that type of srorm, the larger the
effectiveness value (P,) for that storm becones.

b The FAFP {s directly proportional tg the effectiveness of atmospheric
forcing mechanisms #nd inversely praportional Lo the effectivenens of
orographic fercing mechanisms.

S If the effecriveness of the arcgraphic forcing mechanisms 1s of opposil:
slgn to the effecciveness of the atmospheric forcing wechanlams and o
equal or larger magnitude, llttle or no precipitation should occur.

6. The FAFP of storms of record is arbitrarily limited te no more Lhar
100 peecent of the maximus precipltacion depth for the area/duratiar
categaTy under conasideration.

7. Eatimates of FAFP using the above assumptions are better at large rather
than at {nCermediate or small area sizes.

7.3:1.5 HModule 4. A basic sssumption undetlying the use of module & 1s that
betrer results can be obtained by combirirg information; f.e., aversging the
percentages obtained from the isohyeral analysis with the meteorolegical analysis
and those obtained from analysis of the precipitation pbservations with the
wmeiearological analysis. Better esrimates are produced by averaging when there
i little difference in the expressed preference for any ons of the techniques ar
sources of ianformation aad, aleo, vhen the calculared percentage of FAFP fror
each of the modules exhibits wide differences.

Little is to be gained from use of the averaging technique over estimates
praduted by one of the individual analyses of modules L, 2, or 3 when:

1. There atvae large differences 1n Lhe expressed preference for the
techafques of cne madule.

2, The sources of information for one of the individual modules fs
definitely guperfor.

3. The CBlCl‘lilted percentages among Che madules are in cloae agreement.
7.6 ¥Nethodology

The S8M was develpped in a2 modular framework. This permits the user to
caneilder anly these factoras for which information (s avallable for an Individual
ECoT®. A MAIN PLOWCHART of the SSM is shown in figare 7.2.

The MATN FLOWCHART gives the user an overview cf the $5M- Modules |, 2, and 3
are designed to use the first three information zets mentlioned 1o sectlon 7.3 as
Indicated hy the remstis column ar the left side of the flowchart. 4 declsien
=ust be made (nitislly for any stomm and cacegory as to which modules can be
appropriately ueed, module 1, 2, ar 3. The decision 1s based an a mintmum level
of acceptabllity of the Informetion requived by the podule in question. The
decielons are formali{zed [or each of these three modules in module 0. The heart
of the 55 procedure 15 module 5 where documentstion iz made of the 55 process,
thereby permittlng traceability of results. Though module 5 can he reached on
the flowchart anly after passing through each of the other modules, 1t 1s
recomsended that the steps in eaeh module be documented in the recerd sheet of
wodule 5 ag the analyst proceeds. Transposition and molsture maximization of the
index value of precipitation folilows the complerion of the 55¥¢ and will be
discuseed in chapter 8.
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7.4.] Hodule Plowcharte

There is 4 Flovchart for eath module. These were developed to ald the analyst
in following the procedures Lo the 5SM.

7.%,1.1 Module O Procedure {fig. 7.3). 1t is important in this module to decide
an the adeguacy of the available data. The rtesults of thiz asssensment are
entsved 1n eolumn D of Figure T.8. The following Tules concerning criterla are
used:

1. For modules ), 2, or 3, if there are no data available for the given
techalque {module), sssisn O ta column D.

2. If the data are judfed to be highly adeduate, asaign a value of ¢fther 7,
8, or 9, vhere 9 15 the most adequate.

3. 1f the gquantity, consistency, and acturaev of the infotmation are judged
to be adequate, assfgn & value of efther 4, %, ar 6 to column D.

b, TIF che input informacion are judged as nelther highly adeauate, adequate,
or missing, a value of either 1, 2, or 3 must be assigned to column D. A
vatue ©of | {s rhe lowest lsvel of adeauacy consistent with sffirmative
responses to guestions 3, 5, and 7 in medule O,

An evaluation of a3 rechnique 15 not appropriate when Lhere 1s insufficient
infarmation availahle for it te be used. Asalgning an effective value of zera to
colunn B under these circumstances eliminaces the possibiliry.

The Glossary of Terms provides all requlred informstion needed ta give
numerical values o the Ffive varlables in the firsc step of the madula O
pracedure. Nota: In this madule and in modules L, 2, and 3, the connector
aymbol (L) applies only withi{a the gRiven module; i.e., when one 1s seEnt to &
cofnecter symbol It 1s always the one that is found 1n that module.

The following gquestions need Lo be answered in this module:

Q.l. Is PC equal to or greater chan 0.957

GQ.2. 15 chere a MXVATS for an avea Bize equal to or less than 100 r[|2 on
che Pertinent Daca Sheet foar this storm?

0.3. Are the guancity, quallty, and distributfon of the nencfographic
observations sufficlent to select a treliable value for ANOVAL?

0.4. 1s an 1sohvetal analveis available?
.5. 1Is the isohyeral analysis vellahle?
Q.6. 1s & reliable isohyetal analysis easily accompilshed?

0.7, Are the meteoroalaglcal data suffizient to make a relliable estimate of

By and a7

N.8. 1s RNOVAL equal ta zerq?

REMARKS,

[SET: RCAT. MXVATS, DADRF. BFAC. 3|

MINTRY MEZNTRY, MINTRY ARE
VARIABLES WHCH 5TATE WHETHER
OR MOT A MODULE WiLL BE USED,

=} +(©)

USE a/a IN COLUMN E, OF
MODULE 5. W WOBULE ENTRY
YALUE 15 ND e, MZNTRY= KD

[SET VALLES FOR COLUMNS D. & E- IN MOD. 5 |

RETURN TO MAIN
FLOWCHART

15 A& VARMABLE WHICH
DETEAMINES WHETHER CERTAIN
STEPS IN MODULE & MaY BE
ELMHMATED.

Figure 7.3.—Flowchart for module 0, 5SM.
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REMARKS:
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‘ SEY: RNOVAL
Ga Ta MZNTRY
N
RNOVAL

PCTY= PC 4 (,95-PC)

foatam pcT1]
|1'=RC” »*PCT '||
RETURN TO MAIN
FLOWGHART

MXVATS

Pigure 7.4.~=Flowchart fotr moadule |, SSM.

7.6.1.7 Module | Procedure (ffg. 7.4}, This module comes cloger than any other
in estimating a value for FAFP based on chserved precipitatian data. The kev
variahles RNOVAL and MXVATS are based oa direct observation, evem though in some
circumstances uncertainty surrounds the accuracy of these observacioas. The

actusl values selectad depend on the placement of the DSL (mec. 3.2.1) in th
vicinfty of the storm under consideration. Additionally, an analycical judgmen-
pust be made concerning the atorm mechanism that resulted in HXVATS and RNOVAL.
1t there {5 more than one storm mechanism involved in the sterm, the valu
selected for RNOVAL must result from the same mechanism that produced MXVATS,

The following questions are asked In module |:
Q.9. 1s this the first time in this module for this storm?
0.10. Has the analyst juat arrived hers from module 4 to do a review?
0.1, Ts RNOVAL equal Eo MAVATS?
Q.12. Ts a review of the data and assigned values for the variable needed?

1f ir 16 a good assumprien rhat RNOVAL will usually Be obaserved at 3 lower
elevation than MXVATS, then thece 13 a dias roward relatively larze values for
PCTL in relacion to the other percentages from the ocher modules, since tocal or
cumulative precipitable water wsvally decreases with incteasing elevation. The
visbility of PCTL depends on the density of good precipitation obaservations on
the date the starm occurred.

7.4.1.3  Module ? Frocedure (FLg. 7.5). In chia module, the avetage depth of
precipitation for a given area-duration category i{s canceived of as a column of
water composed of top and boctom sections (where the bottom section can contaln
from 0 to 95 percent of the total depth of water), The limit to the top of the
bottoa section is set by cthe paramecer LOFAC. The bottom section is conceived to
cantain only a mininum level of FAFP for the storm. The top section contains
precipitation that results from orographic forcing, and perhaps additional
atmospheric forcing. The percent (if any) of the top section that results from
atmospheric forcing Ls determined by the F-type and B-type correlarlans, The
value compured for LOFAC is sensitive tw the accuracy of the isohvetal aralysis
for the storm. This wsensitivity must be taken intd account when evaluating
wodule 2 procedures in column E of module 5.

The procedure in which the precipitation [g divided into two sections, is
represented also in the expression for PCT2Z, which may be rewritren as-
LOFAC LOFAC
BCT2Z = PCT2 (l N m:wnrs) * WXVATS
Thete are three teras on the right—hand side of the abave equation, The
rightmast of these terms is rhe nminimum level of FAFP for the whale column
exprensed as a percent of the taotal and 1s the bottom section of the idealized
colymn described above. The product of the firat two terms on the Tight-hand
slde of the ecuatlon describes the top sectien of the idealired coltumn, where
PCT2 15 the percent of the top section artsing from atmospheric foreing and the
second term {g the depth of total precipltscion wious the minimum level of FAFP
expressed as a percent.

LOFACA (s set to 2ecs and LOFAC becomes zeto when a geod correlarion cannot be
found between any of rhe Lsohyets and the eievarion contours upwind of the starm
cencer. Zero 1§ the numerical value that is apprepriate for a minimum Ievel of
FAFP for the storm. Hare i¢ is assumed that the bortoe section of the idealized
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Figure 7.5.~=Flowchart For module 2, SSM.

column 15 empty (wieimem level of FAFP = 0), and boch F-type and B-type
cotrelations will detarmine the appraopriace level of FAFP for the storm. The F
and B correlations, to praperly eatablish the approptiate FAFP, are determined
aearby and upwind from the storm center.

As in module 1, an analytical judement must be made on &Lorm mechanism. 1n
module L, it was cequired that MXVATS and RMOVAL are the result of the same
dynamic process. In module 2, 1t 14 neceseary to determine chat RKOVAL and HIFX
ate the resull of the same armospheric forces (storm mechanism).

The following questions are saked in module 2
Q.9. Is this the first time in this sodule for this scom?
Q.10. Mas the analyst just acrrived here Erom module 4 to do A review?
0.12. 1s a review of the data and assigned values for the variable needed?

0.13. £fan 1t be derermined which {sohvetal maxtma control{s) the average
depth for the category selected?

Q.14, Is there good correlation between some isohvet and the elevacien
contours Lo the crographic part of the storm nesr the storm center?

.15, 1s 1y less than or equal to PX?

A feature of module ? not to be overlooked is the consequence of a negatlve
response to question 15 accompanied by & negarive response to question $2. In
thig case an arbigrarily deEined upper limit {s set on PCT22 and T;. The upper
limit will be the smaller of two numbers. The selection of BFAC as one of these
nuabers is obvious when cne coasiders that orographie forctng wmay be elther
positive or negative. The secoud factor is a congequence of the cancept that the
larger PA becomes, the more likely the second factor represents the crue level of
FAFP, since with a large value of PA the largest observed rainfall amount in che
nonoragraphic portion is wore likely to represent a true wpper limit.

LOFAC 1is always a number equal to or slightly less than LOFACA. This 1s so
because it is poasible that the minimum level of FAFP is reached before the
arbitrarily sec analvsis interval allows it to be “picked up.” 1t is reasoned
that the larger the area “occupled” by the LOFACA ischyet Ln the nonoragraphic
part of the storm, the more likely thal the analysis interval has "plchked up™ the
described depth. When there is no nanorographic portion to the storm, the
parsmeter PH, used 1o set a value for LOFAC, becomes undefined (see defiaition of
PR). Conaequently, In the module ? FLOWCHART it must be determined whether a
nonorographic portion of the storm exists when there is an affirmacive response
to guestian l4, [f so, 2 reasonabie value for PB 1§ zero. The cansegquence of a
negative Tesponse to question !4 1s that LOFACA must he zero. Regardless of
whether or not a nonorographic parr of cthe storm exists, LOFAC must not be less
than zero and this 1s ensured by setting PB equal to 1.

T.h 1.4 Module 3 Procedure (fig. 7.6). This module upas =ertecrclogical and
terrain information to evaluate an approdfiate level of FAFP. This (s
accomplished thraugh evaluarion of P, and A,.
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Figure 7.6.—Flowchart for module 3, SSM.

The following guidelines are provided to afd {n the evaluation af P, on the
checklint given in the flowcharc (fig. 7.6):

1.

Use colume A to indlicate (hy a checkmark) the presence of gne ar mare
features which (nfer positive vertical wmotien, or which mav cantribure
toward an efficlent storm structure.

Take as a basis for comparison an ideslized storm which contalns the
same features or phenomena that were checkad off in column A and
indicate in column B, by selecting a number between 0.05 and 0.95, che
degree to which the effectivenesn of the selected actusl storm
festures/phenomena {in producing precipitation) approaches the
effectiveness of the same [eatures/phenomena in the idealized storm.
Where wore than one feature/phenomensn ix selected for a given category
of metecroleglcal information, Lt is the aggregate effecriveness which
is conaidered and recorded in column B.

Repeat ateps 1. and 2. for each cacegory (surface, upper air,...,
otherg) of meraorological daca.

1f the quantity and qualitv of the Lnformation permits, the degree of
convecrive—acale foreing may be distinguished From foreing due to larger
scale wechanisms. Tf convective-scale forsing predoainates for some
area/duration cacegories and larger ascale forcing at others, then tha
valye assigned in coluwn B may vaTy by stea/dursticn category; 1.#., the
same effectiveness value omay be different for each categary of s given
aKarm.

In caolumn C sn oppartunicy is given o aasign one category a greater
tnfluence on P in relstionm to cthe others by weasigning weighted
values. For aach applicable category the value in column 0 i3 the
product of columna 3 and C. P, is obtained by dividing the total of
¢olusn D by the total of column C.

Meteoralogical daea categories, for which thete fs not sufficienc
information from a parcicular storn, wre disregarded tn P, calculations
for rhat storm.

When effectiveness changes with the selected duration, the resulcing
value fn toluwn B 1is weighted by duracion; thia procesa 1s to be
distinguished from the weighting mentioned in (5) above.

A, 18 a measure of the effectiveness of the arographic forcing effects. The
following gutdelines are used to aid in evaluating Ay

l.

Indicate in column A che value (Iin physical unics) far the firsc Five
parameters. If any of these parasecers chenge significancly during the
duration category selected, indicate in the durstion box the percent of
time esch af the wvalues persists. Te obtain the largest value in
column B (largest effectivensas) observe the jolnt occurrence of cightly
packed 1schars (high wind speed) perpendicular te steep slopes for
100 percent of the durstion category selected. Ancther way to look ar
this 4s to coambine the Cfirst threes parameters 1into a vertical

displacesent purametetr, W,, from the formula W, = V * 5, where V 13 the
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component of the wind perpendicular to the slopes for the duraticn being
considered in ki and S is the slape of the cerrain in Fr/ai. The
effectiveness of W, 1s then compared with an idealized valoe
Tepresenting 100 percent effectiveneas. The weasured steepness of the
slopes 1n the CD-103 region depends on the width ascross which the
measurement |3 made. For a small distance (less than 5 mi.) a valee of
0.25 is abour the largest to be fouad, while Ffor 8 large distance
(greater than 80 mi.} a value of 0.06 Is about the largest. A component
of mustained wind normal to such slopas of 60 kr Is assumed to be about
the largest attaineble in this region. Therefore, a W, of 15 kr for
small aress amd of 3.5 kt for large areas are the values which would be
considered highiv effective,

None of the orographic storms stodled accurred 1in places where the
mesgured gsteepness of the slopes came near o the values Jjust
mentioned. Cansequently, the vertical displacements observed for small
areas were from .02 kt up ta near 2 kt and proporticnally gmaller for
the larger aress for these srorms&. Therefore, the effectiveness value
used {n the rop box in calumn B was scaled to the valued observed In the
stormg of record; l.e., a Hn of ctose to 2 kt wes considered highly
effective for small areas.

The inflow level for the starm is assumed re b2 the gradient wind
level, and it {s further assumed that the surface isabaric pattern gives
a true tTeflection of that wind; 1.e., the direction of the 1nflow wind
is parsllel te the surface fsobarg and its speed proportional ta the
spacing of the Lsobars as wmeasured atr the storm location. When
rawinsonde opbservations are available In the immediate viclnity of the
storm, they are used as the primarvy source of information for wind
direction and speed.

When there is a sufficiently large romber of wind observations, the
average values of direction and speed are wused for the duration
considered. TIf the level of wind varisbllity is lerge for the duratfon
tonsidered, rhe represenrativensss aof the data Is scored low in calumn €
of module 5.

The fourth parameter, stabflitv, must be congidered 1in combination
with the firet three or W, Highly stable alr can have a danpening
effect ¢a the helght reached by inicimily strong vertical displacement
{and consequently, the size to which cloud droplets can grow). 1In a
bighly unscable condicion, vertical digplacements of less than 2 kt can,
through buoyancy, reach great height, thereby producing rainfall-sized
droplets. The effectiveness value for stabllitv 1s placed ia the second
box from the top in column B, Weighted values corresponding to the rwo
top boxes of column B are placed in the two top boxes of column C ta
reflect che combined effects of Ha and stabllity; f.e., in the case
where fingtability causes moderately weak displacements to grow, the
stabliicy “effectiveness” would be weighted strongly (given a 3) and the
comblined firet theee parameters weighted weakly (given a 1),

Eatries in che arher considerations box (for example, the shape of
tetraln Features whieh may cause "fixing™ of rainfall) need not be
conaidered as depeadent on the £irst four paramerers.

The value for A, is ther obtained In the sane aanner as deseribed 1in
guideline 5 for P,.

When evidence indicates that the orographic influetice fs negative; i.e.,
taking away from total possibie precipitaticn, the values In column B
are made negative and when the conditlons are borderl{ne between
ponitive and negative, they are made zero. Negative arographic
tnfluence, when occurring in a starm where Che atmospheric forcing
approacheas its conceptually optimun state, nmAY CHUSE EOME CATERATY
values of PCTY to exceed 1.0 resulring f{n FAFP larger than the total
atorw average depcth for that category. The conventions of module 3,
however, do not permit values of PCTI to exceed L.0.

The recarks section of wmoduyle 5 should be used to document whers the
elevation gradients (AZ)} vere measured. Far small areas, this would
typleally be ar a polnt wupwind of the largest report/ischyet. For
larger areas, the average value [rom several locations may be used, or
1f ane locatfon i representative of the average value, it alone may be
used. Sometimes the gradient 15 measured both upwind and downwind of
the srorm cencer {where inflow wind {s used} {f che verrieal wind
structure 15 guch thar a srorm updraft {nitiated downwind wmay be carried
back over the storm lacation by the winds aleft te coatribute additional
ampunts to the “in place™ amounts.

The overridiag impartence of applying this module onlv ro major storms
cannar be overstressed. The consequence of “rusnlng cthrough® a
frequently obaerved set of conditiona fs that, by definicion, the values
for both P, and Ay will have 1o be quite smali. When both paramecers
are small ?lens than abour .4) a sensitivity studv (nor fncluded here)
Showed that small differences In the values assigned ro Py and A  (the
tndependent variables) would produce large differences in the value of
the dependent variable (PCT3). However, it does nat follew that the
deftnition of P, which permits a lower limit of zero is incorrect. &
*corm can reamonably be postulated in which the extreme amounts were
traceable to excepriomal oroegraphic tercing and, thus, beth terms would
Aot be small (PCTY in this cese {s 5 percent). Not only ere “infinite”
values ftor PCT] removed by the FLOWCHART congtraines, but a value of
tera in the denomimator of the catio Puf(P, + A ) la a violatlon of the
concepl that {f the orograpble forcing negated the armaspheric forcing,
fla matcer how large, little or no precipitation should oceur.

The "model” envisioned in module ) (as distinguishned from the "model”
of nodule 2 Just discussed) follaws from the cancept that FAFP 1is
directly propartional to the effectiveness of atmospheric forcing and
Lnversely proportional to the effectivensss of Lthe crographic forcing
wechanisms. The rate at which an Imaginery cylinder Fills up (whose
cross=sectional area is the same as the area category being used) ig
directly proportional to the condenmation Tate producing the
precipicacion which falls into the cylinder. The paramount Facror
determining the condensation rate ls the vertical component of the wind
Tesulting from both atmospheric (P,) and crogtaphic (Ao} forcing.

The following questions sre asked fn this madule:
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Q.12. 18 a reviesw af the daca and assigned values far the variable needed?

G.14. Does there exist, or is there sufficient information available to
construct, s map of where at least | in. of precipitation did or did
0ol oceur for this storm?

Q.t7. 1Is A less than zera?
Q.1B. Is (2re) the storm centee(s) incerrectly located on the terrain map?

The remaining portions of the module 3 FLOWCHART, not discusaed sbove, are
simple and straightforwvard,

7.4.1.5 Module & Procedure (Eig. 7.7). It 13 not contemplaced that a computer
program will be coded from the MAIN or MODULE FLOWCHARTS becavse the
detarminstion of the appropriste PCT's and I's is dene easily manually. Thers is
ne real requirement for the variable PASS to be in the module & FLOWCHART. 1t 1a
included onlv to make it obvipus that the first parc of the FLOWCHART should ha
skipped whnen returning to module & from a review of dace in madules | ard 3. The
purpose of this module is siwply to create two additional indices of FAFP on the
assumption thar an averaged value may be & better estimate then one produced in
wadules 1, 2, or 3.

A preliminary test of the 5S84 by six analyzts each using six different storws
showed that It was quite rate Ehat one analyst would selecr a high {low) value
for & PCT when other analysts were selecting low (high) values givea Chat che
interval range was the one shown in the right-hand remarks esection of the
module 4 FLOWCRART. Thus, a review is required of relevanc information when an
average percentage is ro be created from individual percentages differing by two
intervals.

PCTL was nat averaged with PET? because modules | amd 2 conceive of the
ldealized column of precipitation representing cthe average depth for a given
ares~duration category in different waya; 1.e., there is no sipimun level of FAFP
considered in module 1.

The following questions are agked in this module:
G.12. Is a rTeview of the deca and assigned values for the variable needed?
Qq.19. Is Iy Less than of equal co 4.4

Those conceprs of the module 4 FLOWCHART «or discussed above are
stralghtforvard.

7.4.1.6 Module 5 Doosmentarion (Eig. 7.8). Tt should be noted agaln thar even
though the MAIN FLOWCHART shows cthat module 5 is not used unti]l module 2 andfor
module 4 have been completed, this was dane only to keep the diagramming of the
MAIN FLOWCHART and the MODULE FLOWCHARTS velatively uncluttered by varisbles oot
related to the cask at hand., Even though documantation can swalt completion of
module 2 andfor module &4, Lt is prefarable to document the value Assigned to a
variable as scon as 1t §s detzrmioed.

— — e e ——
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Flgure 7.7.—Flowchart for module 4. SSM.
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Obvioualy, the schews (s designed to permit selection of 1. Iy or I3 when thera
iz a scrong preference for one of thew and fo sslect I; or Ig when there fis
litele overall preference. In the cazse wvhera there is some preference for 3
given module and some agreement between the index values generated therefrom, the
analyst sust make a decision as to which index is to be preferred. The range of
values used to Tepresent index agreement categorises was based on values actually
selected in a test involving eix differenc analysts working with six diffareat
storna.

The final wvalue delected Ffor FAFF (s determined by the largest value in
colusn F. 1f the same vizlue has been computed for more thar one index value, the
index with the largesc subseript is selected (12 over 1), 1y over Iy).

7.5 Exsmple of Application of S55M

One of the most critfcal storms For determianilng the PMP in che CD-1031 region
occurred ac Gibson Dam, MT eon June 6-8, 1964 (T35}, Plgure, 7.9 ahows the
completed module 5 worksheet for this storm for the 24-hr 10-mi“ precipicacion.
The Finat percencage selecred far this storm was 61 percent for PCT3. This mave
an FAFP of 9.1 in.

7.6 Application of S5 ra this Stody

The SSM was used in Chis study to estimate FAFP for just one category, 1D w?
and 24 hr. This category was selected as the key {index} category for this study
for several reasons. The flrst reason velates to ares size. In determipation of
the effects of arography on precipitatioa, it is easiest to isclate these effecta
for the anmaller areqs. In addition, 1if larger area sizes were used, tha
determination of the orographic effects For computation of the final PHP weluss
would have been veyy cowplicated. At some transposed locarion, the increass in
precipitacion as a cesult of orographic effects for a very small area can be
determined with lictle ambiguity. 1f a larger area {e.g., 1,000 mi®) was uged,
the effect of terrain at a transposed location would be related directly to the
ghape and otlentation of the |,000-nt“ urea selected. This factor, therefore,
indicated use of the IN-mi“ area 25 most appropriace.

The 24-ht duration was aelerted because of rthe rellabliicy of dacs for this
duration. Fot stpmms before 1940, the amount of recording raingage information
is relatively mparse. Determinaction of amsunte for durationa less than 24 hr for
these atorms 1a hased on only limited data. This indicatesr use of a storm
duratton of 24 hr or longer. A raview of the important storms In thls region
ghows several that did not last the entive ¥T2-hr cime peried of interest in the
present study. Most notable of cheae are the Gibson Dam, MT atorm {75) and the
Cherry Creek {47), Hale {101), CO stormd. These two factors made selection of
the Z&4~hr duration eost appropriate. Seleection of this duration also had the
advantage of minimiz{ag the extrapolatfon required ta develop PHP esCimates faor
the range of durations required in che srudy.

DOCUMENTATION AND ENDEX SELECTION
ID/DATE, REHAKES: G bsen Dam, T17 (00)  /6-Biy

JHODULE] FARAETER VALUE EVALUATION SCALE: COL.D 0-9; COL.E 1-9 HODULEH
CATECORY | jgmi3/3 ¢ A~ |1-3: COL.F: 15 THE SUM OF COLS, DAE. €OL.D:

RCAT 0.9 BOM ADEQUATE 1S THE INPUT INFORMATION FOR THE
BFAC Ly UEQULREMENTS SET BY MODULE'S TECHNIQUE. COL.E]
[ MXVATS Je.w HOW LIKELY IT IS THAT THIS TECHNLQUE WILL ES-
DADRF - TIMATE THE CORRECT INDEX VALUE BASED ON ITS
PA - o ASSUMPTIONS? FOR MODULE 4 SEE SELECTION RULE.
PC © OVERALL RULE: SELECT INDEX VALUE WITH LARCEST
COL. F SCORE. LARGEST SUBSCRIPT BREAKS TIES.
REMARKS P JEJTF
RNOVAL 1.5
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L
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Figure 7.9.—Completed module 5 documentstion form for Gibson Dam, MT stors (75)
of June 6-8, 1964,



HMR 57 CHAPTER 6. STORM SEPARATION METHOD
6.1 Introduction

The storm separation method (8SM) is an outgrowth of practices that were
initiated in the late 1950's for PMP studies in orographic regions. HMR 36 (USWB,
1961) is one of the earliest reports to discuss PMP development in terms of orographic
and convergence precipitation components. Convergence precipitation in this context
is the product of atmospheric mechanisms acting independently from terrain
influences. Conversely, orographic precipitation is defined as the precipitation that
results directly from terrain influences. It is recognized that the atmosphere is not
totally free from terrain feedback (the absolute level and variability of precipitation
depths in some storms can only be accounted for by the variability of the terrain); but
cases can be found where the terrain feedback is either too small or insufficiently
varied to explain the storm precipitation patterns and in these cases, the precipitation
is classified as pure convergence or non-orographic precipitation.

PMP studies, such as HMR 36, 43, and 49, were based on determination of
convergence and orographic components through procedures that varied with each
report. With the development of HMR 55A (Hansen et al., 1988), a technique was
utilized that had some similarities to previous studies, but was based on determination
of convergence amounts from observed storms. Convergence precipitation in that
report was referred to as free-atmospheric forced precipitation (FAFP). The technique
used in HMR 55A is complex and involves the analyst tracking through a set of
modules in which knowledge of observed conditions and experience are used to arrive
at estimates of the FAFP. The estimates are in turn weighted, based on the analyst's
judgment of the amount and quality of overall information, to obtain a result. This
process has been referred to as the storm separation method (SSM) and is described at
considerable length in HMR 55A.

Since the development of the SSM in HMR 554, the procedure has been applied
1n a number of subsequent studies (Fenn, 1985; Miller et al., 1984; Kennedy, 1988; and
Tomlinson and Thompson, 1992). Through these various developments, the SSM has
undergone minor refinements. The entire development discussed in HMR 55A will not,
be repeated here, but readers interested in these details will find a reprint of the
pertinent chapter (Chapter 7) from HMR 55A in Appendix 3 of this report. Similar
information is contained in the 1986 edition of the WMO Manual for Estimation of
Probable Maximum Precipitation (WMOQO, 1986).

The process of estimating FAFP from a storm for a given area size and duration is
achieved by using the hydrometeorological information available for the storm to
answer certain questions. These questions are contained within several modules which
constitute the body of the SSM.
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The hydrometeorological information about a storm may be missing over large
areas with respect to the storm's full precipitation pattern; or the information when
available may be unevenly distributed; or it may be biased or contradictory. In view
of such informational dilemmas, a decision about the level of FAFP for a storm may
have to accommodate a fair amount of uncertainty. The questions asked in the SSM
modules are formulated in such a way that analysts with different levels of experience
could estimate different amounts of FAFP. Under such circumstances a consensus
among analysts often leads to the best FAFP estimate for a storm, but the consensus
process is not a necessary part of the SSM.

Because of the extensive information provided by the storm analysis program and
the number of storms studied, the SSM technique was considered most appropriate for
the present study. The technique was applied directly according to the original
guidance, subject to the modifications described in the following section.

6.2 Changes to the Previously Published SSM

The remainder of this Chapter covers modifications to the modular development
presented in Appendix 3. This discussion covers specific changes in detail that may be
beyond the casual reader's interest.

Several details concerning questions and procedures used in the SSM were changed
in this report from their formulation in HMR 55A. For example, in Module 0, which
provides guidance to the analyst regarding decisions on the adequacy of available data,
the adjective "reliable" was replaced by "unbiased" in questions 5 and 6 (see
Appendix 3). This was done to clarify the fact that isohyetal analyses derived from the
isopercental technique, even though reliable, are created based on an assumption
which Module 2 attempts to prove. The need to avoid such a fallacy is made more clear
by use of the adjective "unbiased" and, consequently Module 2 was not used to analyze
any of the storms in this study.

Maximization of the index values was accomplished on the storm separation
worksheet (Module 5, see Figure 6.1). This figure is an updated version of Figure 7.8
from HMR 55A (Appendix 3). Some new terms introduced in Figure 6.1 of this report
are explained as follows:

MaAX = the index value of non-orographic precipitation for the storm

center, adjusted to 1000 mb and moisture maximized as obtained
from the module (n) indicated by the subscripts 1, 2, 3, 4, and 5,

IPMF(SC) = In-place maximization factor applicable at the storm center,
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V.ADJC(SC) A factor used to adjust values (to sea level) of precipitation

obtained at elevations above sea level,

IPMF(NO) = In-place maximization factor at the location of RNOVAL!,

BE(SC) = Barrier elevation at the storm center (SC)

BE(NO) and at the location of RNOVAL (NO),

V.ADJ(NO) = Avertical adjustment factor used to adjust the value of RNOVAL
to sea level,

DP/SST(X) = The upper limit (X) and observed storm day (0) values

DP/SST(0) representing storm moisture content,

H.ADJ = Horizontal adjustment factor,

I = The value of RNOVAL, not yet reduced to sea level, and

Ifl‘ = The calculated value of non-orographic precipitation at the storm

center, not yet reduced to sea level.

Module 1 considers the observed precipitation data, where the value of RNOVAL (the
highest non-orographic rainfall representative of the storm center) was adjusted to a
common barrier elevation (sea level). This avoided the bias toward large values for
PCT 1 (percent of storm rainfali that is non-orographic) mentioned

in paragraph 7.4.1.2 of HMR 55A. If there was a gradient in the field of maximum
12-hour persisting dew points (see section 4.2) between the location of the storm center
and the locations of RNOVAL, a horizontal adjustment factor, H.ADJ, was applied to
RNOVAL. It has been assumed that RNOVAL is an appropriate depth of non-
orographic precipitation for the area category selected in Module 0. This observation
(RNOVAL) is acceptable for an area of 10 mi® but this assumption becomes less

reliable for larger area sizes. This assumption is compatible with assumption 3 stated
in Section 7.3.1.2 of HMR 55A,

1See GLOSSARY, Table 6.1, for definition of terms extracted from HMR 55A
Chapter 7 (enclosed as Appendix 3).

383



STORM ID/DATE/NAME AT OR FOR STORM CENTER:
LAT BE(SC)
LON KFCTR
MODULE [ PARAMETER VALUE EVALUATION SCALE:
CATEGORY MP. HR OOL. D.09 COL. E. 1.9, FOR MODULES 1.3
FD OF MOST COL F.IS SUM OF COLS. D & E,
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Figure 6.1 -- Storm separation method worksheet; Module 5.
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Table 6.1.-- Glossary of terms modified in storm separation method.

Term for effectiveness of orographic forcing used in Module 3, (see
also P,). Varies between 0 and 95 percent.

Average depth of precipitation for the total storm duration for the
smallest analyzed area less than 100 mi® (from pertinent data sheet
for storm).

That part of RCAT attributed solely to atmospheric processes and
has the dimensions of depth. Subscript 1 associates application to
Module 1.

Term for effectiveness of actual atmospheric mechanisms in
producing precipitation as compared to conceptual "perfect”
effectiveness. Varies between 5 and 95 percent.

Used in calculations of modules to take into account the
contribution of non-orographic precipitation to total FAFP (that
includes contribution from orographic areas). Varies between 0 and
95 percent.

PCT 3:

The percentage of non-orographic precipitation in a storm from the
third module based on comparison of storm features with those from
major non-orographic storms.

RCAT:

The average precipitation depth for storm area size and duration
being considered.

RNOVAL:

Representative non-orographic precipitation value that is the
highest observed amount in the non-orographic part of the storm.

A vertical displacement parameter, the product of the wind
component perpendicular to the slope (for duration considered) and
the slope in feet/miles.

The flowchart used for Module 1 is shown in Figure 6.2, and modified only slightly
from that used in HMR 55A to reflect adjustments to sea level. Since hourly values of
precipitation were available from automated analysis procedures, PCT1 did not have
to be calculated from the variables RNOVAL and MXVATS. Consequently, the value
of PCT1 for the total storm duration could be assumed to be the same as the index
duration (24-hours). The index depth of non-orographic precipitation from Module 1,
was therefore obtained directly from the depth for the index duration at the site
selected for RNOVAL. However, since PCT1 is necessary in Module 4, it was derived
from the relationship

MAX, ™ |
(RCAT * V.ADJ(SC)*IPMF(SC))(0.95-PC))’

PCT1=PC +
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The ratio, IPMF(SC)*, listed in Module 3 in Figure 6.1, is relatively large when
"observed” storm moisture is close to its upper limit and vice versa. Thus, from a
strictly moisture content point of view, values in Column B would be relatively large
when this parameter is relatively large and vice versa.

In Module 3 shown in Figure 6.3, the orographic parameter, A , was derived using
a somewhat revised procedure, when compared to that in Appendix 3. The vertical
displacement parameter, W, and the elevation gradient were not used. But, the upper-
limit wind speed, which was a constant in HMR 55A, was allowed to vary across the
region. The variation was based on extreme wind speed data (Simiu et al., 1979) for
10 United States locations in the northwest and five locations nearby. The optimum
inflow direction for orographic storms, used in setting the barrier elevations, was
determined for each of the 15 locations. Then at each location, the series of annual
maximum speeds and their associated directions were searched to find the largest
annual wind speed coinciding with the optimum inflow wind direction. This speed
became the first approximation of the upper-limit speed for the optimum mflow
direction at the site. This first approximation wind speed was changed only if certain
conditions were found, as given in the following rules:

(a) If the first approximation speed was less than the mean speed for all
directions in the total sample, the mean speed became the upper-limit speed,
while the optimum inflow direction remained the same.

(b)  If the first approximation speed was larger than the sample mean hut less
than the 100-year speed, it was compared with the sample mean plus one
standard deviation speed, and the larger of these two became the upper-limit
speed, while the optimum inflow direction remained the same.

(c) If the first approximation speed was greater than the 100-year speed, the
100-year speed became the upper limit speed, while the optimum inflow
direction remained the same,

An analysis of 30-year return period wind speeds, prepared by Donald Boyd for the
National Building Code of Canada (Newark, 1984), and kindly supplied to us by
D.J. Webster, Atmospheric Environment Service, Canadian Climate Centre provided
a basis for extrapolating the upper-limit isotachs into Canada.

The component of the wind speed along the direction of optimum inflow,
representative of the 24 hours of most intense precipitation, was obtained for each
storm being analyzed. This speed was modified by empirical adjustment factors shown
in Module 3 of the storm separation worksheet, Figure 6.1.
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Figure 6.2 -- Module 1 flowchart.
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These factors were applied when, during the most intense 24 hours of precipitation,
there were only one or two wind observations available at 1200 UTC. These empirical
adjustment factors are in the form of ratios based on relations observed in eight recent
storms from the storm list in Appendix 1.

These ratios compare the 1200 UTC wind speed(s) noted above to the average wind
speeds (when all eight 3-hourly observations are available for the 24 hours of most
intense precipitation). This ratio was then divided by the upper-limit speed and the
resulting quotient multiplied by 0.95 and put in column B alongside the wind
parameter in the A portion of Module 3. Because both upper-limit speed and direction
(which incorporates moisture availability) are involved in the evaluation of the inflow
parameter, the weight assigned to it in column C of Module 3 should be higher than for
the stability parameter, assuming a good sample of inflow winds for a storm is
available. Here again, the decision to use wind speeds in this section that are at a level
less than the theoretical maximum was made as an attempt at limiting the
compounding of maxima.

~ The formulation for PCT3, shown in HMR 55A (Appendix 3) as equal to the sum
of the non-orographic rainfall component and a term that accounts for the effectiveness
of the storm's atmospheric mechanism to produce precipitation was changed to:

P
PCT3 = PC + —2— (1.00 - PC).
Pa * AO

This was done because, by original definition, P, and A, could never exceed a value of
0.95. The formulation used previously had a bias toward lower estimates of FAFP built
into it in the term (0.95 - PC). This bias was eliminated by replacing 0.95 by 1.00 in
this term.

Figure 6.4 attempts to clarify the use of stability in setting a value for A, in
Module 3. The evaluation of the influence of the stability set in column B of the module
is related to variations from the pseudo-adiabatic lapse rate and ranges from 0 to 0.95.
This range may be subdivided as follows (see Figure 6.4): 0.65 to 0.95 when the
observed lapse rates are optimum for producing orographic enhancement of FAFP, 0
to 0.45 when the lapse rates are least conducive for producing orographic enhancement
of FAFP, and 0.45 to 0.65 for the remaining cases. The optimum cases are those where
the lapse rates on average are in the range 1°C more stable to 2°C less stable than
pseudo-adiabatic within 100-mb layers from the surface to 300 mb. The largest value
in column B of Figure 6.3 should be associated with the less stable of these cases.
Lapse rates least conducive for producing orographic enhancement of FAFP (i.e., those
of greatest instability) would be those greater than -4°C from pseudo-adiabatic. The
cases greater than +4°C from pseudo-adiabatic, i.e., the most stable cases, would be
given the lowest scores in column B.
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Figure 6.4 -- Schematic diagram to show relative range of stability values compared to the
pseudo-adiabatic lapse rate.
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It is reasoned that orographic enhancement of FAFP should increase up to some
limit with decreasing stability. Beyond that limit (set subjectively at 2°C more
unstable than pseudo-adiabatic) as lapse rates approach the dry adiabatic, there should
begin decreases in moisture content sufficient to weaken the production of purely
orographic precipitation.

Cotton and Anthes (1989) noted that the orographic (described as orogenic
precipitation in that report) enhancement of precipitation involves complex problems
in the formulation of atmospheric scale interactions and phase changes. The
procedures followed to obtain A, in Module 3 (Figure 6.3) barely scratch the surface of
these problems, but a more sophisticated approach awaits the results of continuing
research by atmospheric scientists, and no change is offered here.

It isrecognized that the lack of upper-air information for most of the earlier storms
of record may make use of the stability parameter impossible in the formulation of A,
For more recent storms, however, if less than complete information was available, this
condition limits the value of the weighting assigned to the stability parameter in
column C of Module 3.

Finally, a routine was added to each module which asked the analyst the following
question. Once a value for FAFP had been obtained, is the implied orographic factor
at the storm center satisfactory in relation to the K factor, derived independently from
100-year precipitation-return intensity at the same location? Ifsignificant differences
in orographic factor could not be resolved, a low valuation would be given in column D
to the estimation of FAFP for the module being used. Apart from these changes, use
of the SSM in this report was the same as in HMR 55A (see Appendix 3).

As mentioned above, a process related to, but not part of the SSM, was the
reconciliation of differing estimates of FAFP by different analysts. Another procedure
adopted for this report and related to the SSM, but not part of it was adjustment of
finalized FAFP values to a common reference level of the atmosphere for all storms.
The reference level used was 1000 mb. Based on the maximum persisting 12-hour
1000-mb dew point at the location of the derived FAFP, the FAFP was changed in the
same proportion as the change in water available for precipitation in a saturated,
pseudo-adiabatic atmosphere. No change was made in FAFP; however, for storms
occurring between sea level and 1000 feet above sea level. This procedure was adopted
so that direct comparisons of FAFP could be made easily among all 30 storms analyzed,
and so that the sea-level analysis of the 100-year non-orographic component could be
used as guidance for analysis of the field of FAFP. It was also the procedure used as
part of storm transposition used in creating the index map of FAFP (refer to
Chapter 7).

Since we were dealing with FAFP at sea level, the precipitation depth at the
elevation of the largest enclosed isohyet might be potentially as large as the depth at
a somewhat smaller valued enclosed isohyet, provided that the second center was
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located at a higher elevation. In such cases, both centers were evaluated for FAFP, and
the results adjusted to sea level.

From the 28 storms centered in the United States and the two storms located in
Canada, FAFP values for 50 ischyetal maxima were set. At least one value was set for
each storm. In five of the United States storms, one or more centers for which DAD
relationships were developed were not analyzed, either because the central value was
significantly smaller than that at the principal center or because the centers were very
close to one another with no significant difference in value. Depth-area-duration
analyses were not done for all of the isohyetal maxima examined by the storm
separation method, but were done for all centers which provided controlling values in
the analysis of FAFP (Appendix 2).
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