
















































































































































































































































































































































































































































































































































































































































































































































































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 p) for temperature from Step A.l (Figure A4.1 ): __ _ 

3) Seasonal adjustment for month selected (Table A4.1): __ _ 

4) Line 2 ___ x line 3 = ___ _ 

6-Hour Period 

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

5) wp 
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 
(oF). 

7) 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 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 Prior to Storm Onset 

48 42 36 30 24 18 

1) Differences between temperature at the beginning of 
storm and at indicated hours prior to storm. From Figure 
A4.3, in range from curve A1 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 

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 (dewpoint) determined in Step A.9. 

D. Snowmelt Winds 

6-Hour Period 

1 2 3 4 5 6 7 8 9 

1) Winds from Figure A4.5 (Regions 1, 3, 6) 
or A4.6 (Regions 2, 5) and interpolations at 
average basin elevation (feet rnsl) 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 D.3) in time sequence similar to arrangement of precipitation and 
temperatures in PMP storm (see E.4). 
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E. Time Sequence of Temperatures, Winds and Precipitation Durine PMP Storm 

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 
13.2, Step 8 
(inches). 

3) 6-hour tempera-
tures from A. 7 
arranged in same 
sequence CF). 

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

5) Height of 
freezing level from 
A.8 in same 
sequence ( l OOO's 
feet). 

Hours Prior to Storm Onset 

48 42 36 30 24 18 12 6 0 

6) Temperature prior 
to storm. Differences of B.l 
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 
Month: Mid-November 

Average elevation (nearest 100 feet): 4700 
Region: Sierra (5) 

A. Temperatures and Dewpoints During PMP Storm 

1) Average 12-hour February 1000 mb persisting dewpoint over basin (Figure A4.8): 60° F 

2) Precipitable water (WP) 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 11 12 

5) wp 
corresponding to 
6-hour temperature 
increments during 
PMP storm. 1.61 1.67 1.61 1.56 1.53 1.50 1.47 1.43 1.42 1.38 1.37 1.35 1.34 
x o/o's of Table 
A4.2 (inches). 

6) 6-hour 
incremental sea-
level temperatures 
and dewpoints 63.8 63.0 62.3 62.0 61.6 61.1 60.8 60.6 60.0 59.9 59.6 59.3 
from Figure A4.1 
(oF). 

7) Sea-level 
temperatures and 
dewpoints adjusted 
to 4700 feet 
elevation. Figure 51.5 50.7 49.8 49.4 49.0 48.4 48.0 47.6 47.3 47.0 46.7 46.3 
A4.2 (°F). 

8) Height of 32° F 
above mean sea 
level. Figure A4.2 
(1000's feet). Use 11.6 11.3 10.9 10.8 10.7 10.4 10.2 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 Prior to Storm Onset 

48 42 36 30 24 18 

1) Differences between temperature at the beginning of 
storm and at indicated hours prior to storm. From Figure 10.0 9.5 9.0 8.0 7.0 6.0 
A4.3, selecting curve A 1 (°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 

1) Differences between dewpoint at the beginning of storm 
and at indicated hours prior to storm. Figure A4.3, curve 3.5 2.5 2.0 2.0 1.5 1.0 
C (°F). 

2) The above differences are subtracted from the initial temperature (dewpoint) determined in Step A.9. 

D. Snowmelt Winds 

6-Hour Period 

1 2 3 4 5 6 7 8 9 

I) Winds from Figure A4.6 and interpolations 
at 4700 feet msl (4700 feet =840mb) 78 69 64 60 57 54 52 50 49 
reference Figure A4.4 (mph). 

2) Winds reduced to surface conditions 
similar to Auburn. Step D.l winds x 0.75 59 52 48 45 43 40 39 38 37 
(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 

4) Arrange 6-hour winds (Step D.3) in time sequence similar to arrangement of precipitation and 
temperatures in PMP storm (see E.4). 
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E Time Seauence of Tem~eratures Winds and Precipitation Durine: PMP Storm 2 

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

1) November 6-hourly PMP 
increments for the selected 6.9 4.3 3.4 3.2 3.0 2.9 2.9 2.8 2.1 1.2 1.1 1.0 
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 3.0 2.9 2.8 2.9 3.2 4.3 6.9 3.4 1.2 1.0 2.1 1.1 
13.2, Step 8 
(inches). 

3) 6-hour tempera-
tures from A. 7 
arranged in same 49.0 48.4 47.6 48.0 49.4 50.7 51.5 49.8 47.0 46.3 47.3 46.7 
sequence (°F). 

4) 6-hour winds 
from D.3 arranged 
in same sequence 35 33 31 32 37 42 48 39 30 29 30 29 
(mph). 

5) Height of 
freezing level from 
A.8 in same 10.7 10.4 10.1 10.2 10.8 11.3 11.6 10.9 9.8 9.6 9.9 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 58.5 58.0 57.0 56.0 55.0 53.5 52.5 49.0 
added to the temperature from 
E.3, 6-hour column. 

7) Dewpoints prior to storm. 
Differences of C.1 subtracted 45.5 46.5 47.0 47.0 47.5 48.0 48.0 48.5 49.0 
from the temperature from E.3, 
6-hour column. 

8) Winds prior to storm may be assumed to be 29 mph for two days prior to storm. 
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Saturated Psuedo-Adiobolic Atmosphere 

OA~~~--~--~--~--~--~~~~~~~~~~--~--~--~--~--~--~--~ ~ ~ ~ ~ ~ ~ ~ M 
1000 mb Dewpo•nt Temperature 

Figure A4.1. Variation of precipitable water with 1000-mb dewpoint temperature. 

359 



9 

Pseudoadiabafic Atmosphere 

34 36 38 40 42 44 46 48 ~0 52 54 
Temoerature (°Fl 

Figure A4.2. Decrease of temperature with elevation. 
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Figure A4.3. Temperature prior to a PMP storm. 
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Figure A4.6. Maximum winds normal to the Sierra mountains. 
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APPENDIXS 

Storm Separation Method 

The storm separation method (SSM) was devised for HMR 55 A ( 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 5, 

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 HETiiOD 

7.1 Introduction 

In order co establish f'~P in the CO-lO) region, it was considered necessary to 
tind d property of observed maJor stanD preclpitation events that ls only 
minimally effected by terrain so transposition of observed precipitation amounts 
would nor: be limited to places where the terrain characteristics are the same as 
those at the place where the storm occurred. the name given to this idealized 
property is "free atmospheric forced precipitation" (FAfP) which has been called 
"convergence only" precipitation in publications such <.IS HMR No. 49 (Hansen 
et al. l977). F'or a oore complete definition of FAFP. 'iee rhe Glossary of Tenns 
in section 7.2. lt is ero.phaslZed that FAFP is an 1Jealized property of 
precipitation since no experiment has yet been devi3ed to identify i.n nature 
which ra1ndrops were tor111ed by orographic forcing and which by <.~tmosphertc 
forcing. This chapter explains how FAFP may be estimated tor specific storms. 
Background information 1:; provided on the development of rhe storm separation 
method (~SH). 

7 .. 2 Glossary of Ter.s 

Terms frequently used tn the SSM are listed alphabet tcally. 

A
0

: See P
3

o It is the tenn for the effectiveness ot orographic forcing 
used in module 3. 

g: The analyst& interval, in inches, for the i~ohyets drawn for a storm. 

Bt: See PCT2. It ls the tern representing the ··triggerinp: effects" of 
oro~~:raphy. It is used in module 2. B1 is a number between 0 and LO 
representing the degree of fAFP implied by the relative positioning 
of the lst through i-c.h isohyetal maxima .. nth those terrain features 
(steepest slopes, proruinences, converging upslope valleys) generally 
thought to induce or '"stillulate"' precipitation. A high posic(ve 
correlation between terrain features and isohyetal maxima yields a 
low value for s 1 • For each isohyetal maximum there is JUSt one 

• 

~: 

DADRF: 

DADFX: 

S-type correlation and, thus, if the area covered bv a ~iven maximum 
is extensive enou,z:h so that more than one area cate~~:orv is contained 
within tts limits, the 8 correlations are determined usin~ all 
isohyets compristn~ particular maximum. for the 

larJl:er-area/short.er-duration caterories, the R1 correlation mav need 
to he made in widely separated,. noncontiguous areas. 

\lhen available, 
from the Part I I 

the chart of maximum depth-ar-,ra-duration c11rves 
Summary of the storn analvsis , alon~ with its 

associated documentation, is the primarv source for detennininr how 
many centers (n) and which isohyetal maxima were used to determine 
the ave raa:e depth for the area hei n~ cons ide red. 

0.95 (RCAT). It repreaenc.s an upper limit for F"AF"P in modules 2 anrl 
5. See also the definition for PX. 

The depth-area-duration rerluct!on factor is the ratio of two avera~e 
depths of precipitation. 

DAJJRF • RCAT /HXVATS 

DADFX .. (HIFX)(DADRF). It is used in module 2 to represent the 
largest amount of nonorograph1c precipitation caused by the same 
atmospheric mechanism that produced MXVATS. 

F 1 : See PCT2. It is the term for the "upslopin,;: effeccsH of oro~raphv 

and it is used in module 2. It is a nu111ber hetween 0 and 1.0, which 
represents the degree of atJDOspheric forcin5l i11plied bv the 
orientation of the applicable upwind sejiil!ments of the isohvets with 
elevation contours (hiKh positive correlation of these parameters 
rueana a low value fer Fi) for the 1st throu~h i-th maxima. For an 
lsohyetal ms.ximul"l\ there is 1ust one F-tvpe correlation, and if the 
area covered bv a ~t.ven milximum is extensive enou~h so thi!.t !'lOre than 
one area catep:ory is contained within its limits, the F correlations 
are the same for each of the area cata~orles. F'-type correlations 
are detendned usin~ all tsohvets compris1nll a particular maximum. 
As with B-type correlations, maximum depth-area-dur-ation curves from 
the Part I I of the storm report should be used to detenn1 ne w-hich 
precipitation centers are involved in the isoh.,etal maximum. 

A depth-area-duration storm analysis is separated into two parts. The first 
part develops a preliminary isohyetal map and mass curves of rainfall for all 
atations in the stona area~ The second part includes a final isohyetal map, 
COtlputation of the average depth of rainfall over all isohyetal areas and 
detemination of the ru.a.xim.um averap:e depth for all area sizes up to the total 
ltona area. The complete procedure used for makin~ depth-area-duration analysts 
1a described tn .. Manual for Depth-Area-Duration Analysis of Stot111 Precipitation'· 

(World Hereorolo~ical On{anization 198fl). 
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FAF'P: Free Atmospheric Forced Precipitation is the precipitation not caused 
by oroJl;taphic forcin,o:; i.e., it is precipitation C.!lused by the 
dvnaroic, thermodvnare.ic, <tnd mtcroohvsical proces8e:s of the 
atmosphere. It is all the precipitation from a stonn occurrin~ in .!!In 
area where terrain influence or forctnJZ is ne~U~ible, temed 11 

nonoroll:raphic area. In areas classified as oro,Q;raphic, 1 t is that 
part of the total precipitation which remains when amounts 
attributable to orop:raphlc forcinp; have been removed. Factors 
involved in the production of FAFP are: conver,Q;ence at middle and 
low tropospheric levels and often, divergence at hip;h levels; 
buovancy arising from heatin~ and instabilitv; forcinJZ from mesoscale 
systems, 1.e., pseudo fronts, squall lines, bubble highs, etc.; storm 
structure, especiallv at the thunderstorm scale involvinp; the 
interaction of p~:ec1p1tstion unloading with the storm. sustaininp: 
updraft; and lastly, condensation efficiency involvin~ the role of 
hydroscoptc nuclei a.nd the heiJl;hts of the condensation and freez.ing 
1 eve ls. 

HIF'X: Tht> largest isohveral value in rhe nonoro~raphtc parr of the storm. 
The same atmospheric forces (storm mechanism) must he the cause of 
precipitation over the areas covereri bv the isohvet used to determine 
HIFX and MXYATS. 

lm: That part of RCAT attributed solelv to atmospheric processes and 
having the dimension of depttl. Since it is postulated that FAFP 
ct~nnot be directlv observed ln an oro~raphic erea, some finite 
portion of 1t was caused bv forcinJZ other than free atmospheric. The 
FAF'P component of the total depth must always be derived by makin)i: 
one or more assumptions ahout how the precipitation was caused. The 
subscript "m" identifies the sinp:le assumption or set of assumptions 
used to derive the amount desi~nsted by I. For example, a subscript 
of 2 will refer to the assumptions used in module 2~ The kev 
assumptions of all the modules are detailed in section L3.1. Refer 
to the schematic for each module in f1J{ures 7 o3 to 7.6 for the 
specific formulation for each Im. 

LOFACA: LOFACA is the lowest 1sohyetal value at which it first becomes clear 
to the analyst that the topol{raphy is influencing the distribution of 
precipitation depths. Confirnation of this influence is &I!Uumed to 
occur when good correlation is observed between the LOFACA 1sohyet 
and one or roore elevation contours in the orographic part of the 
storm. 

How is LOFACA found? A schematic isohyetal pattern is shown hy the 
E>olid lines in figure 7.1 to illustrate this procedure. Start at thf" 
storm center and follov the inflow wind direction out to the lowest 
valued isohvet in the analvsis (no lower than l in.) located in the 
oro,R"raphic part of the storm. !f the stonn pattern is oddly shaped, 
it may be necessarv to use a direction sli!Zhtly different from the 
exact inflow direction. Any direction within * 22.5 defi!rees either 
side of the inflow direction which allows comparisons of the sort 
described above is acceotahle. The vector CL in the schematic of 
fi,owre 7.1 represents the path tn this storm that is parallel to the 
inflow Wind and directed at the lowest valued isohvet. Next, draw 

4 

Plpre 1 .1.-Scheu.tlc 1llu•trat1og deterwinatioo of LOPACA. 

two lines parallel to and either side of the vector CL.. Each of the 
parallel lines will be drawn at a distance from CL of 1/2 the lenllth 
of CL. These lines are the dash-dot lines in fl~ure 7.1. These 
lines will be called "rsn~e line&... The ran~e lines end at the 
oro~r:aphic separation line (the saw-toothed line in figure 7.1) since 
only correlations in the orogr.!!iphic part of the stom are important 
1n detendnin~ LOFACA. 

The next step is to eltal'lline those isohyets which intersect the 
rangE" lines down wind of the stona centt!r of isohyetal maximum. Such 
gegments are considered candidate hohyetal se~ment11 (CIS) and they 
are depicted by the segments of the isohyets PY and QZ in 
figure 7,1. The objective is to determine which ClS has a p:ood 
correlation with topographic features indicated by the dashed 
lines. A good correlation is a CIS that parallels one of the 
st~~ooothed elevation contours along one-half or tttOre of its len.e;th. 
When no isohyet is found meetinJZ the criterion, LOFACA is defined to 
be zero. As depicted in the schematic, the 4-in. CIS indicated b)t 
the solid line (from P toY} shows a good correlation w-ith the Z + 2 
and Z + 3 contours, so the value of LOFACA is 4 ino If the 4-ina 
isohyet in figure 7.1 had been alon~ the dotted line from P to X, 



w 
--1 
0 

LOFAC: 
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there would have been a poor correlation and the value of LOFACA 
would have heen zero for this storm. 

The slgn1ficance of LOFACA is that precipitation depths at and 
below this value are assumed to have been produced solely by 
atmospheric forces without any additional precipitation resultin~ 
from topo~raphir effects; Le., they represent the "minimum lever of 
FAF'P for the storm. If more than one isohyetal center exists for the 
area size selected, the procedure is followed for each center. If 
the value of LOFACA is different for two or more of these center&, 
the lowest of the values is used as the one and only value of LOFACA 
for that stom and area size. 

( 

(Al) ) 
LOFAC • LOFACA + ¥ PB_l __ I • 

It is a refinement to LOFACA ba~ed on the concept that Al may 
preiudice the assi.'tnin~ of a minimum level of FAFP. 

The ave~a~e depth of precipitation fo~ the total storm duration for 
the ~mrllest area size analyzed, provided that 1t is not lar~er than 
100 mi • Ir ts obtained from the pertinent data sheet (P.D.S.) for 
the storm included in "Storm Rainfall'' (Corps of 
En~lneers 1945- ), Ir is used in several morlules to calculate 
percenta~es of FAfP. Tf the area criterion cannot be rnet, the storn1 
is not used in the study. 

When used in PKldule 2 it is the number of analvzed isohyetal maxima 
used to set the average depth of precipitation for a ~iven area size. 

Oro~raphlc Separation Line is a line which separates the CD-103 
re~ion into two distinct regions, where there are different 
oro~raphic affects on the precipitation process. In one re~ion, the 
nonoro~raphic, it is assumed no more than a 5-percent change (tn 
either increasing or decreasin~ the precipitation amount for any 
storn or series of storms) results from terrain effects. In 
contrast, the other re~ion is one where the influence of terrain on 
the precipitation process is si~nificant. An upper !+mit of 
95 percent and a lower limit of no less than 5 percent is allowed. 
The line mar-;xtst anywhere from a few- to 20 miles upwind (where the 
wind direction is that which is 1ud~ed to prevail in typical record 
setting storms) of the point at which the terrain slope equals or 
exceeds 1,000 ft om 5 miles or less with respect to the inflowing 
wind direction (sec. 3.2). 

P3 {a.nd A0 ) is il ratio in ~o~hich the effectiveness of an sctual storm 
in producing precipitation is compared with a conceptualized storm of 
"perfeC't" effectiveness. ln such a conceptual model, features known 
by experience to be hi~hlv correlated with positive vertical motions, 
or an efficient storm structure, would be numerous and exist at an 
optimum (not alwavs tht'> lar~est or strongest) intensitY level. 

PA: 

_!'_1!_: 

!£_: 

Thus, 

p 
& 

Effectiveness of Actual Atmospheric Mechanisms 
100 

'Jhere the numerator is a number between ) and 95 

A • Effectiveness of Actual Orographic Mechanisms 
o tOO 

where the numerator is a number between 0 and :t:9S. 

It would have been desirable to express bOth Pa and A
0 

in physically 
meaningful units; however, this was not considered practical because 
the available JDeteorological data for moSt of the storms of concern 
are generally extremely limited. Hence 1 the present formulation is 
expressed in tenus of subjective inferences about physical 
parameters known to be effective in the production of precipitation 
either in major storms in nonorographic regions or by considering the 
results of flow of saturated air against orographic barriers. This 
type of fomulation is :-equired, because of the limited availability 
of meteorological information for the storms, but is cons1dered 
adequate for the purposes of this report. Mechanically, the 
effectiveness of the particular stona is derived by uslng the 
checklists in roodul.e 3. 

The ratio of the nonorographic area containing precipitation to the 
total storm precipitation area is given by PA. Its inverse is used 
when setting a realistic upper limit for !2 and !5 (see definition 
for PX on the folloW'ing page). Areas in which the depth of 
precipitation is less than l in. are not used in forming the ratioe 
In contrast to PC, PA does not depend upon the area size being 
considered in the stonn separation method. 

When the LOFACA isohyet does not extend from the orographic part into 
the nonorographic part Ofthe"Srorm. it Ls the ratio of the sum of 
the areas in the nonorographic part containing amounts equal to or 
greater than LOFACA (the numerator) to the total nonorographic are.:~. 

in which precipitation depths associated with the stonu are 1 ln. or 
more. When the LOFACA isohyet does extend into the nonorographic 
par:t of the storm, the nulberatOr is increased by an amount 
representing the area bounded by the LOFACA isohyet and the OSL. It 
is used in module 2 in setting a value for LOFAC. Note: when 
LOFACA is zero, PB will be one and LOFAC will also equal zero. 

lt is used in the formulations of PCii, PCT2, and PCT3 to take into 
account the contribution ot nonorographic precipitation to total FAFP 
(which includes FAFP contributions from orographic areas). It is 
expressed as a number between 0 and O.<JS The value of the upper 
limit is 0.95 because no storm in which more than 9) percent of the 
precipitation fell in nonorographic areas was considered. Thus, some 
storms from the list of important storms were not considered since 
they occurred 1n the nonorographic region. 

lf. for the area size being considered, part of rhe total volume of 
precipitation occurred ln a nonorographic area, PC is the ratio of 
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PX: 

~: 

PCT2: 

PCT11: 

PCTl: 

that partial volume to the total volume. 1f none of the total volume 
was nonoro~raphtc. PC ~ 0. The ratio of volumes is obtained bv 

fornin~ the ratio of the correspondin~ area sizes first, then 
multiplvln~ that ratio by an estimate of the avera~e depth in the 
nonoro~raphic area, and finallv dividinJZ this result bv the averal'!:e 
depth for the total area, both of these depths occurri n~ at maximum 
duration. 

is the smaller at either BFAC or 0.\DfX multiplied hy (PA)-l except 
when PA = 0, in which case PX = BFAC. Once selected, PX serves to 
define what is a realistic upper limit for 12 and 1 5 • 

PCTl = PC+ :~~~~ (0.95-PC). 

MXVATS is used only for the smallest area'> size on the P.D.S. 
{provided that it is not greater than 100 m1"") because the average 
depth at larger area sizes is influenced by how isohyets were drawn. 

1 (F + B ) 

( 

n ) 
PCT2 = PC + 1 • I ;n ! (0.9) - PC) 

lt is a number bet~o~een () and 0.95 where n is the number of isohvetal 
maxima In the oro_graphic part of th; s~orm appltcable to the 
area/duTacton cate~orv beinJot considered. Estimates of F- and 8-tvpe 
correlations are dependent upon the Qual1tv of the 1sohvetal analvsis 
and upon proper identification of the precipitation centers involved 
in the area cateliwry under consideration. When there is no Part Il 
storm study information availahle, the analvst must decide whether a 
reasonable estimate can he made for n. 1.Jhen there are iust a few 
maxima. each at a different depth, a reasonahle estimate ls likely, 
whereas when there are numerous maxima all of wht ch are for the same 
depth and which enclose about the same area. it is less likelv that a 
reliable value for PCT2 can be calculated. \Jhen the latter is the 
case, the ans....,.er to question 13 tn module 2 will be .. no .. and the 
analvst c1ocumencs this situation in module 5 after completinR 
modules 1 and 4. 

Thi!'; is the ratio I 2 /RCAT where 1 2 is the total amount of RCAT that 
is FAFP. 12 is defined by the relatic:'Jnship: 

12 [LOFAC +(MXVATS-LOFAC)PCTZ[DADRF 

Substitution of these terms into the definition for PCT22 leads to 
the relationship: 

PCT11 " PCTZ + (;~~ ~~S) ( 1-PCTZ) 

PCT3 • PC+ (-P_a __ ) (0.95-PC) 
p + A 

a o 

It is a dimensionless number 
representtn~ the percent of the 
.'!iven area/duration cate~ory 

usuallv berween (J.05 anci 0.95, 
total depth of precipitation for a 
attributable to the atmospheric 

processes alone. It is obtained not onlv bv considerine: primarilv 
meteorolo~ical information, but also by considerinR the followin~ 
rrU.nimal 11st of addt tiona! infonnation: a P.O.S. for the storm (DAD 
~ncludinJZ: the location of the storm center; a chart of smoothed 
contours of terrain elevation; and precipitation data sufficlent to 
define where precipitation did or did not occur. More detailed 
precipitation infornation is used, when available. 

The rangl!' of 0.05 to 0.95 is considered reasonable, because it is 
postulated that the orographic influence never completely vanishes. 
and when the orographic influence is predo111inant, precipitation would 
not continue without some contribution from atmospheric forcin~ 

m.echanisn~s. Though not expected to occur, it is conceivable that 
PCT3 may exceed 0.95 if the est1T'Iated oro~raphic forcin2 was 
downslope, actually decreasin~ the total possible precipitation. 
This matter is discussed further tn the section rlealinR: witt> 
module 3. The formulation for PCT3 is meant to applY onlv to major 
sto['llls and definitelv not to minor storms where ne~atlve terrain 
forcin~ on lee slopes m1~i~;ht approach, or exceed, the ma,1Zn1 tude of the 
atmospheric fore:l n~. 

~CAT: The averaRe depth of prectpitatian for the selecterl categorv. The 
-- ··cAT- indicates that the parameter R ts a variable depending on 

cateRorv definition~ 

~: Rerresentatlve nonorographic value of precipitation. It 1s the 
highest observerl amount in the nonorographic part of the storm. The 
value c:'Jt RNOVAL is not act jus ted to the elevation at which MXVATS is 
believed to have occurred. RNOVAL and ~VATS must result from the 
same atmospheric forces (stonn mechanism). 

7. 3 Bacltgrouod 

The SSM was developed in the prt:sent for-mat because four distinct sets o t 
precipitation information were avail&ble for record-settin~ storms in the CD-103 
region. These were: 

1. 

1. 

3. 

Reported tc:'Jtal stonn precipitation, used in module I. 

lsohyet and depth-area-duration analyses of totaJ storm precipitation. 
includinli!; Part I and Part 11 Summaries, used in TOOdule 2. 

Heteorolo~ical data and analyses therefrom, used in module 3. 

4. Topographic charts, used in all modules. 

Since the quantity and quality of the information in the first thref'! of these 
sets would va-ry from stonn to stonn, it was concluded that a method which relied 
on ~ of the first three sets (alonR with topo}(raphic charts) mi~ht be 
quite useless for certain storms. Alternativelv, one could have a ~SM wtdch 
always combined infor111.a.tion from the first three sets. This chc:'JLce was rejected 
since, for most of the storms, one or more of the sets mil!'ht contain no useful 
information and hol!us data would have to be used. Clearlv, the SSH rlepends on 
the validity of the input information. 
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ltDIAll5: 

DrTIIU'tHIE VALUES TO 
BE USED IN SUl!SEQtmiT 
HODULES 

FAFP &ASED ON OBSERVED 

KAXll!UH AMOUNTS IN 
OROGRAPHIC AND NON­
OROCIW'~IC PARTS Of STORM 

FAFP BASED ON DEGREE 
OF COUI:!.AT!Oll BE1V£EN 
ISOKYETS A:ffi TERRAIN 
CONTOURS 

FAFP USED ON CO!iPARISON 

OF STORM fEATURES Wint 
ntOSE fROH HAJOR NON­
OROGIW'H I C S TOR!IS 

HODULE l R£SULTS C(}{!!NrD 
lilT11 HODULE l AND 2 
RESULTS 

EVALUATE, SELECT AND 
OOCIJMl:NT PREVIOUS 

PElCENTACE CALCULATIONS 

AND' 

EMOIJGN PRJ:CIP!TATION 
DATA 

ACCEl'T~LE ANALYSIS 

NOT !NOUCH 
R!CIP!TAT!Oll OAlA 

POOR/HISSING ISOKYETAL 
ANALYSts 

t:NOUGII HETtOROLOG ICAL 
DATA 

Fip:ure 7.2 .--Main flowchart for SSI'I. 

Four sets of information are used in the SSM to produce up to fi\•e estimates c 
FAfP· for area. cate~ort.es up to 5.000 m.12 and dur.ations up to 72 hr for stern" 
with ma..1or rainfall centers in areas classified as "oro,lii(raphic." The mechanic 
of the procedure used to arrive at one numerical value of FAFP for anv relevan 
area/duration (A/D) category for anv qualifying storm are accomplished t 
completing the tasks symbolically represented in a MAIN FLOWCHART for the SS 
(fig. 7.2) along "'!th its associated SSM MODULE FLOWCHARTS (fig, 7.3 to 7.7) "it 
references to the following items: 

l. Glossary of Terms (sec. 7.2). 

2. Concepts for use of the modules (sec. 7.3.1). 

3. Specific questions to be answered in the l'tAIN FLOWCHART and the HODUL 
FLOWCHARTS. 

7.3.1 &e.sic Cooce-pts 

The validity of the techniques in the SSH depends on the validitv of th 
concepts llpon which thev are based. F:va!uation of these concepts is crucial f 
the application of the procedure. A relative evaluation of the validitv of th 
concepts underlvin~ t:he individual modules will ~overn wh1ch of the five posstbl 
values will be used for FAF'P for a ~iven A/0 cate~orv. The evaluation 1 
formalized in module 5 (column E) of the SSM based on the analvsts eovaluation o 
the various concepts. Several concepts are has!c to acceptance of the procedur 
as a whole (all modules) while others relate to the evaluation of individua 
modules. 

7.3.1.1 Overall Hetbod. The total depth of precipitation for a given Af: 
cate~orv is composed of precipitation that results from atmospheric forces an, 
from the added l!!ffect of oro~raphy. The method assumes that the effect o 
oro9;raphy 11ay either contribute to or take away from the amount of precipitatiot 
that is produced by the atmosphere. When the orographic effect is pos1tiv1 
(expressed as a percentage contribution to total precipitation), 1 t mav not bt 

less than 5 percent. It it is also assumed that the terrain surrounding thf 
location where a given storm of record occurred had been transparent; {.e., har 
no effect on the atmospheric forces actin)l: there, the result!n,Q: total precip­
itation would be the same as the free air forced component of precipitation for 
the actual storm. 

It is assumed that the FAFP never completely disappears in storms of record 
and the total volume may contain contrihutions over both the oro~raphic anc 
nonorographic areas~ The further assumption is made that 7 when no other 
information is available at the shorter durations, inferences made fror 
precipitation depths valid at maximum storm duration for a ~iven area are eauall\ 
valid for the same area at shorter durations down to and includin2' the minimur 
durat Lon category. 

7 .. 3.1.2 Module 1.. There are three components that underlie the use o! 
precipitation observations in the estimation of the contribution of th£ 
atmosphere to the precipitation amounts in storms. These are: 

l. If free atmospheric forcin,g in the nonoro~raphic part of the storm hac 
been smaller that it was, the value of the rnaxifl'lum depth ot 

precipitation would have been propontonally less. 
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2. The FAFP 1 n the orographic region of the storm is approximated by the 
maximum precipitation depths in the nonoro~raphic re~ion, as lon,Q; as the 
same atmospheric forces are involved at each location. 

3. Estimates of the f'AFP based on assumptions l and 2 are- better for small 
rather than intermediate or lar,Q;e area sizes. 

7.3.1.3 Module 2~ This module tlses an isohyetal analvsis of the precipitation 
data to evaluate the free air forced component of precipitation. Inhl!rent in the 
use of this module is the existence of an isohyetal analysis based on adequate 
precipitation information and prepared without undue reliance on normal annual 
precipitation or other rainfall indices which mav ii'lduce a spurious correlation 
betwl!en the precipitation amounts and topography. In addition. there are five 
other concepts underlyin~ this module. These are: 

1. One or more than one level of LOfACA mav exist in• the oro~raphic part of 
a storm. When more than one storm center is contained in a ~iven area 
cate~ory, the lowest level of LOFACA found is used for that area size. 

2. LOFACA exists when !:here ts a good correlation between some isohyel: and 
elevation contours. 

l. 

4. 

5. 

Upsloping and triggering (F- and B-type correlations) ;ire of equal 
significance in determining the percentage of precipitation above LOFACA 
which is terrain forced~ 

For an orographic stonu (centered in th orographic portion of the 
region), the larger the nonorographic portion becomes (in relation to 
the total storm area), the oore likely that the observed lar~est 

rainfall amount in the nonoro~raphic portion (as represented by OADFX) 

is the '"true" upper limit to FAFP in the O!'ographic part of the stom. 

Estil!lates of FAFP usin~ the above a.ssumption.s a!'e better at intermediate 
and large rather than small area sizes. 

7 .. 3.1.4 Hodule 3. This module makes use of the meteorolo,Q;ical analysis and the 
evaluation of the interaction of dvnamic mechanisms of the atmosphere with 
terrain to estimate the FAFP. There are seven baste concepts underlyin~ the use 
of this module. These are: 

1. Estiroates of FAFP made usin~ the techniQues of this module mav be of 
marjlinal reliahilhy if the storms considered are those producinll: 
moderate or lesser precipitation amounts. 

2, A variety of stonus exist. each one of "'hich has an optimum 
configuration for producing extreme precipitation. 

3. The more closelv the atmospheric forcin,; mechanisms for a given storm 
approach the 1d~al effectiveness for that type of storm, the larJO:er the 
effectiveness value (pa) for that storm becomes. 

L!, The FAFP is directly proportional to the effectiveness of atmospheric 
forcing mechanisms and inversely proportional to the effectiveness of 

oro,2;raphic forcin~ mechanisms. 

5. 

6. 

lf the eff~ctiveness of the oro~raphic forcin,IZ mechanisms is of opposftt 
si~n to the effectiveness of the atmo.soheric forcin~ mechanisms and o· 
equal or laq~er magnitude, little or no precipitation ~hould occur. 

The FAFP of storms of record is arbitrarily limited to no more thar 
100 percent of the maximum precipitation depth for the area/duratior 
category under consideration. 

7. Estimates of FAFP usin~ the above assumptions are better at lar.'!;e rsthet 
than at intermediate or sm.sll area sizes. 

7 .. ].1.5 Module 4. A basic assumption underlyin~ the use of 11K>dule 4 1s that 
better results can be obtained by combinin~ tnformationj Le., avera~in~ the 
percentages obtained from the isohyetal analysis with the meteoroloF:ical analysU 
and those obtained from analysis of the precipitation observations 'olith th£ 
eeteorological analysis. Better estimates are produced by Bveraj;(ing when then­
is little difter"ence in the expressed preference for any one of the techniques or 
sources of information and, al&o, vhen the calculated percentaF:e of F.'.FP frorr 
each of the oodules exhibits wide differences. 

Little is to be gained from use of the averaging technique over estimate~ 

produced by one of the individual analyses of modules 1, 2, or ) when: 

l. There are large differences tn the expressed preference for the 
techniques of one module. 

2. The sources of information for ::me of the individual modules 1s 
definitely superior. 

3. The calc~lated percenta~es amon9; the modules are in close agreement. 

7 .4 lCethodo lo,o 

The SSM was developed in a modular fra11ework. This permits t:he user to 
consider only those factors for which infonnation is available for an individual 
storm. A H.AIN FLO~CHART of the SSM is shown in f1~ure 7 .2. 

The HAIN FLOWCHART gives the user an overview of the SSH. Modules 1, 2, and 3 
are: designed to use the fir&t three information sets rwnt1oned in section 7.3 as 
indicated by the remarks coluRn at the left side of the flDW"chart. A decision 
must be made initially for any storm and category as to which modules can be 
appropriately used, module l, 2, or). The decision is based on a mtnin~um level 
of acceptability of the information required by the module in Question. The 
decisions are fomali~ed for each of these three modules in ti'\Odule 0. The heart 
of the SSM procedure is module 5 where doe:umentuion is made of the SSM process, 
thereby permitting tt"aceab111ty of results. Thou~h module ) can he reached on 
the flowchart only after passin,l( throu~h each of the other modules, it is 
recommended that the steps in each module be documented in the record sheet of 
IDOdule 5 ae the analyst proceeds. Transposition and moisture maximization of the 
index value of precioitation follows the completion of the SSH and will be 
diacusaed in chapter R. 
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7.4.1 Hodule Plowcb«rta 

There is a flowchart for each module. These were developed to aid the analyst 
in following the procedures in the SSH. 

7.4.1.1 Module 0 Procedure (fig. 7.3). It is important in this module to decide 
on the adequacy of the available data. The result& of this assessment are 
entered in coluotn D of figure 7 .8. The following rules concerning criteria are 
used: 

L For modules l, 2, or 3, if there are no data available for the given 
technique (module) 1 assi~tn 0 to column 0. 

2. If the data are jud-'!:ed to be h1,ghly adequate, assi~n a value of either 7, 
B, or 9, where 9 is the most adequate. 

1.. If the- quor1ntity, consistencv, and accuracv of the information are 1ud~ed 
(O be adequate, assign a value of either 4, ), or 6 to colu01n o. 

4. tf the input information are 1ud~ed as neither hisr;hly adeouate, adequate, 
or missln~. a value of either l, 2, or ) must be assi~ned to column n. A 
vallle of I is the lowes( level of ade<Juacv consistent vith affirmative 
responses to questions 3, S, and 7 in module O. 

An evaluation of a (echnique is not appropriate when there is insufficient 
information avatlahle for it to be used. Assigning an effective value of zero to 
column D under these circun~stances eliminates the possibility. 

The Glossa.rv of Terms provides all required information needed to give 
numerical values to the five variables in the first step of the 110dule 0 
procedure. Note: In this module and in modules l, 2, and 3, the connector 
symbol {C) applies only within the given ~rodule; i.e., when one is sent to a 
connector symbol it is alwavs the one that is found in~ moduli!. 

The following questions need to be answered in this roodule: 

Q.l. Is PC equal to or ~reatt:r than 0.95? 

Q.2. Is there a MXVATS for an area size equal to or less than 100 m1 2 on 
the Peninent nata. Sheet for this storm? 

().3. Are the <Juan(ity, quality, and distribution of the nonoro_graphir 
observations sufficient to select a reliable value for RNOVAL? 

Q.4. ls an 1sohvetal analvsis availahle? 

().'). Is the lsohye~al analysis reliable? 

Q.b. Is a reliable isohyetal analysis easilv accomplished? 

Q. 7. Are (he meteorological data sufficient to make a reliable est tmate of 
Pa and A0 ? 

Q.8. Is RNOVAL equal to zero? 

RETURN TO Mt.IN 
FLOWCHt.RT 

Ptpre 7. 3 .-P lowe hart for 110dule 0, SSM. 

REMt.RKS: 

M1 NTRY.N2NTRY, W3NTRY ARE 
VARIABLES WJoiCH STATE WHETHER 
OR NOT A MODULE WILL BE USED. 

USE 11/1 IN COLUMN E. OF 
MODULE 5. If NODULE [NT RY 
VALUE IS NO i.t. Jr.I2NTRY,.NO 

~ IS A VARIABL£ WHICH 
DETERMINES WHETHER CERTAIN 
STEP~ IN "'OOULE • "AY BE 
ELtMUCATEO. 



w 
-.l 
Ul 

REMARKS: 

PCT1=PC+ 
RNOVAL 

MxV'A"Ts (.95-PCJ 

figure 7.4.--Flovchart for aodule I, SSK. 

7.4.1.2 Hodule l Procedure (ftg. 7.4). This module comes closer than anv other 
tn estllnatinf.! a value fat' FAFP based on observed precipitation data. The kev 
variables R.NOVA!, and MXVATS are based on direct observation, even thou~h in some 

circumstances uncertaintY surrounds the accuracy of these observations. The 

actual values selected depend on the placement of the OSL (sec. ).2.1) in th 
vicinity of the stona under consideration. Additionally, an analytical iudgmen 
must be made concerning the stont~ mechanism that resulted in MXVATS anrl RNOVAL. 
!f there is more than one storm ruechanlsm involved in the storm, rhe valu. 
selected for RNOVAL must result from the same mechanism that producerl !-1XVATS. 

The following questions are asked in module 1: 

Q.9. Is this the first time in this module for this stonn? 

0.10. Has the analyst just arrived here from module 4 to do a revieiJ? 

0.11. 1s RNOVAL equal to MXVATS? 

0.12. Is a review of the data and assiszned values for the variable needed? 

lf it is a good assumption that RNOVAL will usually be observed at a lower 
elevation than MXVATS, then there is a bias toward relatively- lar.IZe values for 
PCTl in relation to the other percenta~es from the other modules, since total or 
cumulative rrecipitable water usually dec:re:ases with increasing elevation. The 
viability of PCTl depends on the density of good precipitation observations on 
the date the storm occurred. 

7 .. 4.1.3 Hodule 2 Procedure (fig. 7.5). ln this module, the average depth of 
precipitation for a given area-duration cate~ory is conceived of as a column of 
water composed of top and bottom sections (where the bottoru section can contain 
tr011 0 to 9) percent of the total depth of water). The lin~1t to the top of the 
bottom section is set by the parameter LOFAC. The bottom section is conceived to 
contain only a minirnultl level of FA.FP for t'ne storm. The top section contains 
precipitation that results from oro,zraphic forcing, and perhaps additional 
atmospheric forcing. The percent (if any) of the top sec:tion that results from 
atmospheric forcing is deterrained by the F-type and B-type correlations. The 
value computed for LOFAC is sensitive to the accuracy of the isohvetal analvsis 
for the storm. This senslt1vity must be taken into account when ~valuating 
module 2 procedurt!s in column F. of module 5. 

The procedure in which the precipitation is divided into two sections, is 
represented also ln the expression for PCT22, which rnay be rewritten as: 

PCT22 • PCT2 (1 - ~) + ~ 
HXVATS MXVATS 

There are three terms on the ri,l.!ht-hand side of the above e(!uation. The 
rightmost of these tena.s is the m.inirnuJJ level of FAFP for the whole column 
expressed as a percent of the total and is the bottora section of the idealized 
column described above. The product of the first two terms on the right-hand 
side of the equation describes the top section of the 1rleali~:ed colurnn, where 
PCT2 1s the percent of the top section arlsin~ from atmospheric forcfn~ and the 
second tenn is the depth of total precipitation minus the nrlnimum level of fAFP 
expressed as a percenta 

LOFACA is set to zero and LOFAC becomes zero when a good correlation cannot be 
found between any of the isohyets and the elevation contours upwind of the storm 
center. Zero is the numerical value that is appropriate for a minimum level of 
FAFP for the storm. Here it is assumed that the bottom &ection of the ldeallz~d 
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Ylp;ure 7. S ~--Y J owe han for llk)dule 2, SSl'l. 

~ 

LOfAC=LOFACA + 4 [Peff) _,) 

I j, (, +B ll 
PCT2:::: PC -+t-~~-~--:-~-j£95-PC] 

ALTERNATIV£ CALCULATION Of 1
2

: 

Px WILL BE THE SMALLER OF THE 
TWO FACTORS SEPARATED 8'1' 
TH( COlot ... A. 

li.L TERNAliVE CALCULATION Of PCTzz: 

PCT22= PCT2+~ (I -PCT2) 
IAXVATS 

column is empty (minimum level of FAFf' ::::< 0), and hath F-tvpe .:tnd B-rvpe 
correlations will determine the appropriate l.evel of FAFP faT: th~ sto~ The f 
and B correlations, to properlv establish the appropriate FAFP, are determined 
nearby and upwind fron1 the stern center. 

As in module 1, an analytical jud12;ment must be made on storm mechanism. h 
module l, 1 t was required that MXVATS and RNOVAL are the result of the same 
dynamic process. In module 2, it is necessary to detenaine that RI'<'OVAL and HIFX 
are the result of the same atmospheric forces (storm mechanism), 

The following questions are asked in module 2: 

Q.9. lB thiA the first time in this module for this sconn? 

0~10. Has the analyst just arrived here fnn module 4 to do a reviN? 

Ool2. 1s a review of the data and as!lil{ned values for the variable needed? 

0.13. Can it be determined which Lsohvetal maxima cantrol(s) the average 
dl!!pth for the ca.te~ory selected? 

0.14. ls there ~ood correlation between some isohvet and the elevation 
contours tn the orographic part of the storm near the storm cencer? 

Q.l5. Is 1 2 less than or eoual to PX? 

A feature of module 2 not to be overlooked is the consequence of a negative 
rl!!sponse to question 15 accompanied by a negative response to question 12. In 
this case an arbitrarily defined ltpper limit is set on PCT22 and r2 • The upper 
limit will be the sntaller of two numbers~ The selection of BFAC as one of these 
nu111.bers is obvious when one considers that orographic forcing may be either 
positive or negative. The second factor is a consequence of the concept that the 
larger PA becomes, the mor~ likelv the second factor represents the true level of 
FAFP 9 since with a large value of PA the largest observed rainfall aroount in the 
nonorographic portion is mor~ likely to represent a tt"ue upper limit. 

LOFAC is always a number equal to or slightly less than LOFACA. This is so 
because it is possible that the minimum level of FAFP is reached before the 
arbitrarily set analvsis interval allows it to be "picked up." It i~one.d 
that the larger the ar-ea "occupied·· by the LOFACA isohyet in the nonoro!1;raphlc 
pan of the stonn. the more likely that the analysis interval has ··picked up·· the 
described depth. When there is no nonorORraphic portion to the storm, the 
parameter PB, used to set a value f;;LOFAC, becomes undefined (see definltion of 
PB). Consequently. in the module 2 FLO'WCHART it must be determined whether a 
nonorogrephic portion of the storm exists \Jhen there is an affirmative resPonse 
to question 14. If so, a reasonable value tor PB is zero. The con.qequence of a 
ne~ative response to question l[j is that LOFACA must he zero. Re!lardless of 
whether or not a nonorogr.aphic part of the storm exists, LOFAC must not he less 

than zero and this is ensured by sett1n~ PB equal to 1. 

7 .. 4ml~4 Module: ) Procedure (fig~ 7.6). This roodule uses metf'orological and 
terrain infomation to evaluate an appropriate level of FAFP. This is 
accomplished through evaluation of P a and A

0
• 
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PVA • Positive Vorticlty Advection 
MCC • Mesoscale Convective Complex 
LEWP "" Line Echo Wave Pat tern 

Figure 7.6 .-Flowchart for .:Ktu.le 3. SSM .. 

CHECKLIST 

Cat. c I D 
Data 1-l B•C 

Sur- llso.Ptn. 
Fronts 

face Waves 
Sq.Ln. 
Other 

Upper I'IA/SW 
Air Cutoff 

Block-
ing 
JetStlll 
Iocher 

Sta-
Rawin-~bility 
sonde Shear 

Other 
--
Diver. 

Satel-~Merger 
lite HCC 

Other 

LEWP 
Radar I Merger 

Others 

Other· 

Duration (%) I>< 
Totals = 

P • Total 0/Total C '"' 
a 

A CHECKLIST 

Parameter 

A 
!bys. 
Val. 

B I c 1----u-
~~95 1-3 B"<: 

lnf lo'J Direc 

lnf low Speed 

Gradient of 
Eleva t 10n 

Stability 

Other 

Duration (%) 

Totals • 

A .. Total 0/Total C = 
0 

The iollowing guidelines ere provided to aid in the evaluation of Pa on thP 
checltlist given in the flowchart (fig. 7.6): 

l. Use column A to indicate (by a check.mark) the presence of one or more 
fr:atures which infr:r positive vertical motion, or which mav contribute 
toward an efficient storm structure. 

2. Take as a basis for comparison an idealized storm which contains the 
sue features or phenomena that were checked off in column A and 
indicate in column 8, by selr:cting a number between 0.05 and 0.95, the 
degree to which the effectiveness of the selected actual stona 
featurea/phenoaena (in producing precipitation) approaches the 
effectiveness of the aa11e features/pheno~t~ena in the idealized stonn. 
Where more than one feature/phenomenon 1s selected for a given category 
of meteorological information, it ts the ap:greg.!lte effectiveness which 
is considered and recorded in column B. 

3. Repeat steps 1. and 2. for each category (surface, upper air~ ... , 
others) of 11eteorological dat.!l. 

4. If the quantity and qualitv of the information permits, the dep;ree of 
convective-scale forcing may be dist1n~uished frora forcing due to lar~er 

scale mechanisms. If convective-scale forcin~ pred011inates for some 
area/duration categories and larl(er scale forcing at others, then the 
value assigned in colUinn B may vary by area/duration cateKory; i.e., the 
aa10e effectiveness value may be different for each cate~~~:orv of a given 
stona. 

S. In column C an opportunity is given to assi,(n one category a greater 
influence on P a in relation to the others by assignin~ weighted 
values. For each applicable category the value in column 0 is the 
product of colu•ns 8 and C. P 

8 
is obtained by dividing the total of 

colu•n 0 by the total of column C. 

6. Meteorological data cate~ories, for which there is not sufficient 
inforution from a particular stom. are disregarded in P

8 
calculations 

for that stanD.. 

7. When effectiveness changes with the selected duration, the resulting 
value in colu•n 8 is weighted by duration; this process is to be 
distinguished fr0111 the wei,~r;hting raentioned in (5) above. 

A0 is a measure of the effecti· .. eness of the orographic forcing effects. The 
following guidelines are used to aid in evaluating A

0
: 

1. Indicate in column A the value (in physical units) for the first five 
parameters. If any of these parameters chan~e si~nificantlv durin~ the 
duration category eelected, indicate in the rl•1ration box the percent of 
tie each of the values persists. To obtain the larl{eat value in 
coluan B (largeat effectiveness) observe the joint occurrence of t1P:htly 
packed isobars (high wind speed) perpendicular to steep slopes for 
100 percent of the duration category selected. Another way to look at 
this is to ccn.bine the first three parameters into a vertical 
diaplacettent p•rameter, W0 , fr011 the formula W

0 
• V * S, where V h the 
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component of the 'Wind perpendicular to the slopes for the duration being 
considered in kt and S is the slope of the terrAin in ft/mL The 
effectiveness of !,J

0 
is then compared with an idealized value 

representinp: 100 percent effectiveness. The measured steepness of the 
slopes in the CD-103 region depends on the width across which the 
mel!isurement is made. For a small distance (less than 5 mi.) a value of 
0.25 is about the largest to be found ..... hile for a la.r~e distance 
(greater than 80 mi.) a value of 0.06 is about the largest. A component 
of sustained 'Jind normal to such slopes of 60 kt is assumed to be about 
the lar~est attainable in this re~ion. Therefore, a W

0 
of 15 kt for 

small areas and of 3.5 kt for lar~e areas are the values which would be 
considered highl¥ effective. 

None of the oro~raphic storms studied occurred in places where the 
measured t>teepness of the slopes came near to the values just 
mentioned. Consequently. the vertical displacements observed for small 
areas were from .02 itt up to near 2 kt and proportionally smaller for 
the larger areas for these stonns. Therefore, the effectiveness value 
used in the top box in column B was scaled to the values observed in the 
storms of record; i.e., a W

0 
of close to 2 kt was considered highly 

effective- for small areas. 

The inflow level for the storm is assumed to be the gradient wind 
level, and it is further assumed that the surface isobaric pattern gives 
a true reflection of that ...rt.nd; Le., the direction of the inflow wind 
is parallel to the surface isobars and its speed proportional to the 
spacing of the isobars as measured at the storm location. When 
rawinsonde observations are available in the immediate vicinity of the 
ston11, they are used as the primarv source of information for wind 
direction and speed. 

\.'hen there is a sufficiently lar~e number of wind observations, the 
average values of direction and speed are used for the duration 
considered. If the level of !Jind variabilitY is lar~e for the duration 
considered, the representativeness of the data is scored low in column C 
of module ). 

The fourth parameter. stahilitv, must he considered in combination 
with the first three or W'

0
• Hi~hly stable air can have a dampenin,~?; 

effect on the hei~ht reached by initially stron~ vertical displacement 
(and consequently, the size to which cloud droplets can ~row). In a 
highly unstable condition, vertical displacements of less than 2 kt can, 
throu~h buoyancv, reach ~reat heh:ht, thereby productn~ rainfall-sized 
droplets. The effectiveness value for stabilitv is placed in the second 
box from the top in column B. Wei!<!:hted values corresponding to the two 
top boxes of column R are placed in the two top boxes of column C to 
reflect the combined effects of W

0 
and stability; i.e., in the case 

~o~here instability causes TTOderately 'w'eak displacen~ents to grow, the 
stabiltty ··effectiveness .. would be weighted strongly (given a 3) end the 
combined first three parameters weighted weakly (given a 1). 

Entries in the other considerations box (for example. the shape of 
terrain featureg which may cause "fixing .. of rainfall) need not be 
considered as dependent on the first four parameters. 

2. The value for A0 is then obtained in the same manner as de~cribed in 
~uidel1ne 5 for P

8 

'3. 'When evidence indicates that the oroS~.:raphic influe"'"l.ce 19 ne~attve; i.e., 
taking away from total possible precipitation, the values in column 8 
are made nell:ative and when the conditions are borderline between 
positive and ne~ative, they are made zero. Nep;ative oro~raphic 
influence, when occurring in a storm where the atmospheric forcin~ 
approaches its conceptually optimum state, may cause some category 
values of PCT) to exceed 1.0 resulting in FAFP larger than the total 
storm average depth for that category. The conventions of module 3, 
however, do not permit values of PCT3 to exceed l.O. 

4. The remarks section of ruodule 5 should be used to document where the 
elevation gradients (AZ) were measured. for small area6, this would 
typically be at a point upwind of the largest report/isohyet. For 
larger areas, the average value from several locations may be used, or 
if one location is representative of the average value, it alone may be 
used. Sometimes the gradient is measured both upwind anrl downwind of 
the storm center (where inflow wind is llsed) tf the vertical wind 
struc:ture is such that a storm updraft initiated rlownwind may be c<~.rried 

back over the storm location by the winds aloft to contribute additional 
amounts to the "in place" amounts. 

The overridin~ importance of applvtn~ this moriule onlv to ma1or storms 
cannot be overstressed. The consequence of ··running throu9.:h·· a 
freouentlv observed set of conditions is that, by definition, the values 
for .E..2l.!!. Pi) and A0 will have to be quite small. When both parameters 
are small lless than ahout .4) a sensitivity study (nor included here) 
showed thS:t small differences in the values assigned to P

3 
and A

0 
(the 

independent variables) would produce large differences in the- value of 
the dependent variable (PCT3). However, it does not follO\J that the 
definition of P 3 which permits a lower limit of zero is incorrect. A 
storn can reasonably be postulated in which the extrerue amounts were 
traceable to exceptional oro~raphic forcing and, thus, both terms would 
not he small (PCT3 in this case is ) percent). Not onlY'7re "infinite .. 
values for PCT3 removed by the FLOWCHART constrsints, but a value of 
zero in the denominator of the ratio Pa/(P

3 
+ A

0
) is 3 violation of the 

concept that if the orographic forcin~ negated the atmospheric forcin~, 
no matter how larget little or no precipitation should occur. 

The "oodel" envisioned in module) (as distin~uished from the .. model" 
of module 2 just discussed) follows fr0f11 the concept that FAFP is 
directly proportional to the effectiveness of atmospheric fore! n~ and 
inversely proportional to the effectiveness of the orographic forcing 
mechanisms. The rate at which an imaginary cylinder fills up (whose 
cross-sectional area is the same as the area category he1ng used) is 
directly proportional to the condensation rate producin!l the 
precipitation which falls into the cylinder. The paramount factor 
determininp; the condensation rate is the vertical component of the \.find 
result1n!l, from both atmospheric (Pa) and oro~~:raphic (A

0
) forcin~. 

The followinJ<: questions are asked in this module: 
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Q.l z. Is a review of the data and assl~ned values for the variable needed? 

Q.lb. Does there exist, or is there sufficient information available to 
construct, a map of where at least 1 in. of precipitation did or did 
not occur for this storm? 

Q.17. ls A
0 

less than z:ero? 

Q.IS. Is Care) the storm center(s) incorrectly located on the terrain map? 

The remaining portions of the raodule 3 fLOWCHART, not discussed above, are 
staple and straightforward. 

7.4.1.5 Module 4 Procedur-e (fiK• 7.7). It is not contem.pl~ted that a c.omputer 
progrMI will be coded from the IIAIN or MODULE nOWCIIARTS because the 
deterndnatl.on of the appropriate PCT's and I's is done easilv ra.anually. There is 
no real requiren~ent for the variable PASS to be in the 110dule 4 FLOWCHART. It is 
included onlv to make it obvious that the first part of the FLOWCHART should be 
skipped when returnin~ to module 4 from a review of data in modules 1 and 3. The 
purpose of this oodule is simply to create two additional indices of fAfP on the 
assumption that an avera~ed value mav be a better estimate than one produced in 
modules I, 2, or 3. 

A preliminary test of the SSM by six. analysts each using six different stortts 
showed that it was quite rare that one anal~st would select a high (low) value 
for a PCT when other analysts were selecting low (high) values given that the 
interval range was the one show in the right-hand reurks section of the 
module ' FLOWCHART. Thus, a review is required of relevant information when an 
average percentage is to be created from individual percentages differing by two 
intervals. 

PCTL w.as not a11eraged t.~ith PCT2 because modules l and 2 conc:eive of the 
idealized coluvm of precipitation representing the average depth for a given 
area-duration category in different WIJ.ys; Lea, there is no minimum level of FAFP 
considered in raodule 1. 

The following questions are asked in this module: 

Q.l2. Is a review of the data and assigned values for the variable needed? 

Q.l9. Is I5 less than or equal to PX? 

Those concepts of the module 4 FLOWCHART not discussed above are 
stt"IJ.ightfon.~at"d. 

7 .. 4.1 .. 6 Hodule S Doameatatioo (fi,; .. 7~8). It should be noted a,Rain that even 
thou,li!h the KAIN FLOWCHART shows that module 5 is not used until TDOdule 2 and/or 
module 4 have been completed, this was done only to keep the diagrammi~ of the 
MAIN FLOWCHART and the MODULE FLOWCHARTS relatively uncluttered by variables not 
related to the task at hand. Even though documentation can await completion of 
module 2 and/or module 4, it is preferable to docuroer.t the value ssst~ned to a 
variable as soon as it is determined. 

I REMARKS 
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CIIU Patteflt 
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Obviouely, the scheme is des 1Ft ned to pet'lllit selection of t L, 12 or r 3 when there 
is a tH.rong preference for one of thell and to select I~ or Is when there ia 
little overall preference. In the case where there is some preference for a 
given module and some agreement between the index values ~enerated therefroll!, the 
analyst must m.ake a decision as to which index is to be preferred. The range of 
values used to represent index agreement categories was b3sed on values actually 
selected in a teat involvin,g six different analysts working with six different 
stonts. 

The final value selected for FAFP is determined bv the larp:eat valuf! in 
column F. If the same value has been coraputed for more thttn one index value, the 
index with the largest subscript is selected (12 over I 1 , l3 over I2)• 

7.5 t:xa.ple of Application of 551'1 

One of the most critical storms for determining the PHP in the CD-103 region 
occurred at Gibson Dam, MT on June &-8~ 1964 (75}. Figure 7.9 showa the 
completed module 5 worksheet for this storm for the 24-hr 10-m12 precipitation. 
The final percenta~e selec.ted for this stom was 61 percent for PCT5. This aave 
an FAFP of 9.1 in. 

7.6 Application of SSI'! to thia Study 

The SSM was used in this study to estimate FAFP for just one category, 10 mt 2 

and 24 hr. This category was selected as the key (index) category for this study 
w for several reasons. The first reason relates to area size. In determination of 
gg the effects of orography on precipitation, it is easiest to isolate these effects 

for the smaller areas. In addition, 1f larger area sizes were used, the 
dete.rmination of the orographlc effects for computation of the final PM'P valuee 
would have been very complicated. At aome transposed location, the incre&se in 
precipitation as a result of orographic effects for s very sul~ area c.sn be 
determined with little ambiguity. If a larger area (e.p;., 1,000 m1 ) was used, 
che effect of terrain at a transposed location would be related directly to the 
shape and orientation of the 1,000-m12 area selected. This factor, therefore, 
indicated use of the l0-mi 2 area as most appropriate. 

The 24-hr duration was selected because of the reliability of data for this 
duration. For storms before l940, the amount of recordin~ rain.-a~e information 
is relatively sparse. Oet~ermination of amounts for ,Jurations lesa than 24 hr for 
these storms is hased on only limited data. This indicate! use of a storm 
duration of 24 hr or lonp;er. A review of the important stornss in this rep;ion 
shows several that did not last the entire 72-hr time period of interest in the 
present study. Most notable of these are the Gibson Dam, MT storm (75) and the 
Cherry Creek (47), Hale (101), CO storms. These two factors made selection of 
the 24-hr duration most appropriate. Selection of this duration also had the 
advanta~e of m.1nimiz1nli!; the extrapolatton required to develop PHP estimates for 
the range of durations required in the study. 
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HMR 57 CHAPTER 6. STORM SEPARATION METHOD 

6.1 Introduction 

The storm separation method (SSM) 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 ofthe 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 (F AFP). 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 ofthe 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 55A, the procedure has been applied 
in 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 (WMO, 1986). 

The process of estimating F AFP 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 ofthe 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 ofF AFP 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 F AFP 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: 

IMAX 1ooo 
n 

IPMF(SC) 

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

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

= In-place maximization factor applicable at the storm center, 
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V.ADJC(SC) 

IPMF(NO) 

BE(SC) 
BE(NO) 

V.ADJ(NO) 

DP/SST(X) 
DP/SST(O) 

H.ADJ 

= A factor used to adjust values (to sea level) of precipitation 
obtained at elevations above sea level, 

= In-place maximization factor at the location ofRNOVAL1
, 

= Barrier elevation at the storm center (SC) 
and at the location ofRNOVAL (NO), 

= A vertical adjustment factor used to adjust the value ofRNOV AL 
to sea level, 

= The upper limit (X) and observed storm day (0) values 
representing storm moisture content, 

= Horizontal adjustment factor, 

= The value of RNOV AL, not yet reduced to sea level, and 

= 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 ofRNOVAL (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 rainfall 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 ofthe storm center 
and the locations ofRNOVAL, a horizontal adjustment factor, H.ADJ, was applied to 
RNOV AL. It has been assumed that RNOV AL is an appropriate depth of non­
orographic precipitation for the area category selected in Module 0. This observation 
(RNOV AL) is acceptable for an area of 10 mi2

, but this assumption becomes less 
reliable for larger area sizes. This assumption is compatible with assumption 3 stated 
in Section 7.3.1.2 ofHMR 55A. 

1See GLOSSARY, Table 6.1, for definition of terms extracted from HMR 55A 
Chapter 7 (enclosed as Appendix 3). 
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STORM 10/DATEJNAME AT OR FOR STORM CE.N"ICR: 
LAT BE(SC) 

LON KFCTR 

MODULE PARAMETER VALUE EVALUATION SCALE: 
CATEGORY Ml2. HR COL. D.0-9 COL. E. 1-9. FOR MODULES 1-3: 
I'D OF MOST COL. F. IS SUM OF CO!.S. 0 II: E. 
INTI!NSE I'RCI' (MIPP) Z- z MEANINGS: COL. D.: ADEQUACY OF THE INPUT 

0. RCAT INFORMATION FOR REQUIREMENTS SET BY MODULE'S 
BFAC TECHNIQUE. 
MXVATS COL. E.:PREFERENCE LEVEL FOR ASSUMPTIONS MADE BY 
PA MODULE'S TECHNIQUE. 
PC 
IPMF(SC) 
V.ADJ(SC) FOR MODULE 4 SEE SELECTION RULES 
V .ADJ-TEMP(F) OVERALL RULE: SELECT INDEX VALUE WITil LARGEST 

COLUMN F SCORE. 
LARGEST SUBSCRIPT BREAKS 11ES. 

AT/FOR LOCATION OF RNOVAL D. E. F. 
I. If- (RNOVAL) LAT/LON/NAME: 

LAT(DP~S1) 

JMAX-!000 - LON(DPISS1) 
I 

f.L 
J 

•H.ADJ• 

V .ADJ (NO) •IPMF (NO) 

PCTI • PC+ BE(NO) DP/SST(X) 
IPMF(NO) 01'/SST(O) 

1MAX~000 /RCAT• H.ADJ V.ADJ (NO) 

V .ADJ(SC)"IPMF(SC) 

AI n PCJ'2 • PC + (l: (F + B)/2n)(.95 -PC) = 
2 LOFAC l:(F+B) 
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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 Pa). Varies between 0 and 95 percent. 

MXVATS: Average depth of precipitation for the total storm duration for the 
smallest analyzed area less than 100 mi2 (from pertinent data sheet 
for storm). 

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

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

PC: 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. 

PCT3: 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. 

"JL: 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 RNOV ALand 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 RNOV AL. However, since PCT1 is necessary in Module 4, it was derived 
from the relationship 

IMAX 1ooo 
PCT1 =PC+ --------1

-------
(RCAT * V.ADJ(SC)*IPMF(SC))(0.95-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 ofview, 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, A0 , was derived using 
a somewhat revised procedure, when compared to that in Appendix 3. The vertical 
displacement parameter, W

0
, 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 inflow 
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 but less 
than the 100-year speed, it was compared with the sample mean plus one 
standard deviation speed, and the larger ofthese 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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Figure 6.3 -- Module 3 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 Ao portion ofModule 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 ofModule 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: 

PCT3 
pa 

PC + --- (1.00 -PC). 
pa + Ao 

This was done because, by original definition, P a and Ao could never exceed a value of 
0.95. The formulation used previously had a bias toward lower estimates ofF AFP 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 Ao in 
Module 3. The evaluation of the influence of the stability set in column B ofthe 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 ofFAFP, 0 
to 0.45 when the lapse rates are least conducive for producing orographic enhancement 
ofFAFP, 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 oc more stable to 2°C less stable than 
pseudo-adiabatic within 100-mb layers from the surface to 300mb. 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 ofF AFP (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 ofF AFP 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 Ao 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 is recognized 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

0
• 

For more recent storms, however, ifless 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 F AFP 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? If significant differences 
in orographic factor could not be resolved, a low valuation would be given in column D 
to the estimation ofF AFP 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 ofFAFP by different analysts. Another procedure 
adopted for this report and related to the SSM, but not part of it was adjustment of 
finalized F AFP values to a common reference level of the atmosphere for all storms. 
The reference level used was 1000mb. 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 ofF AFP could be made easily among all30 storms analyzed, 
and so that the sea-level analysis ofthe 100-year non-orographic component could be 
used as guidance for analysis of the field ofFAFP. It was also the procedure used as 
part of storm transposition used in creating the index map of F AFP (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 F AFP, and 
the results adjusted to sea level. 

From the 28 storms centered in the United States and the two storms located in 
Canada, F AFP values for 50 isohyetal 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 ofFAFP (Appendix 2). 
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