
Snowmelt Parameters Worksheet 

Drainage: ____ _ Average elevation (nearest 100 feet): __ _ 
Month: _____ _ Region: __ _ 

A. Temperatures and Dewpoints During PMP Storm 

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

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

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

4)Une2 __ xline3 =---

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. Une 4 
x %'s of Table 
A4.2 (inches). 

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

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 A 1 to curve B (0F). 

2) The above differences are added to the initial temperature detennined in Step A.9. 

C. Dewpoints Prior to PMP Storm 

Hours Prior to Storm Onset 

48 42 36 30 24 18 

I) 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 

I 2 3 4 5 6 7 8 9 

1) Winds from Figure A4.5 (Regions I, 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.l winds x 
factor (mph). 

3) Surface winds adjusted to month selected. 
Step 0.2 winds x ___ (from Figure A4.7) 
(mph). 

4) Arrange 6~hour winds (Step 0.3) in time sequence similar to arrangement of precipitation and 
temperatures in PMP storm (see E.4). 
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E. Time Sequence of Tenmeratures. Winds and Precipitation During PMP Storm 

6-Hour Period 
I 2 3 4 5 6 7 8 9 10 II 12 

1) Month of concern 6-hourly 
PMP increments for the selected 
drainage obtained by procedures 
of Chapter l3 (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 ("F). 

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

5) Height of 
freezing level from 
A.8 in same 
sequence (1000's 
feet). 

Hours Prior to Storm Onset 

48 42 36 30 24 18 12 6 0 

6) Temperature prior 
to stonn. Differences of B.l 
added to the temperature from 
E.3, 6-hour column. 

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

8) Wmds pnor to storm may be assumed to be the 72-hour duraUon value from D.3 for two days pnor 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 1000mb persisting dewpoint over basin (Figure A4.8): 60" F 

2) Precipitable water (W J for 60" F (FigureA4.1): 1.38 

3) Seasonal adjustment for November (Table A4.l): 1.17 

4) 1.38 times l.l7 = 1.61 inches 

6-Hour Period 

I 2 3 4 5 6 7 8 9 10 II 12 

5) wp 
corresponding to 
6-hour temperature 
increments during 
PMP stonn. 1.61 1.67 1.61 !.56 !.53 !.50 1.47 1.43 1.42 1.38 1.37 1.35 1.34 
x %'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 
("F). 

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 
(lOOO's feet). Use 11.6 11.3 10.9 10.8 10.7 !0.4 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 stonn sequence (see E.3). 
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B. Temperatures Prior to PMP Storm 

Hours Prior to Stann Onset 

48 42 36 30 24 18 

I) Differences between temperature at the beginning of 
storm and at indicated hours prior to stonn. 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 Stonn Onset 

48 42 36 30 24 18 

1) Differences between dewpoint at the beginning of storm 
and at indicated hours prior to stonn. 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 

I 2 3 4 5 6 7 8 9 

1) Winds from Figure A4.6 and interpolations 
at 4700 feet rnsl (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 
0.2 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 stonn (see E.4). 
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E. T" s fT 1me Seouence o emoeratures w· d m san d Pr .. Du. PMPS ecinitatton . nn• tonn 

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

I) 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 i.I 
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 (OF). 

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.l 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. I 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. 

358 



.. 
SofurattJd Psuedo·Adiabalic AlmosphtJTe 

01~o--~.~.c-~.L.--~.~.c-_j••~~oo~--~~~~.~.--~ .. ~--~ .. o-~oo~-c•~•c-~,.~-c.~.~-.. ~--~,o~-c,~.c-~,. 
1000 mb OewDo•nt Temperature ("'FJ 

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

34 M M - 41 ~ q U ~ ~ ~ ~ M - U N H H 
Temperature (•F) 

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 A4.5. Maximum winds normal to coast range. 
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Figure A4.6. Maximum winds normal to the Sierra mountains. 
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Figure A4.7. Seasonal variation of maximum winds. 
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Figure A4.8. Twelve-hour maximum persisting 1000-mb dewpointsfor Rebruary ( cp'). Same as 

Figure 4.2. 
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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 55 A 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 Hf:ntOD 

7 .I latr-odw::t ion 

ln order to establish f'IP tn the CD-LOJ region, it was considered necessary to 
tind a property of observed maJor stan. precipitation events that Is only 
minlmdlly effected by terrain so tunspoaition of observed precipitation o11raount.s 
would nor be Limited co placea wllere the terrain characterlstlcs o~re the same as 
those at the place where the storm occurred. The name given to thh idealized 
J>roperty ts ··tree at~Wspheric forced precipitation"" (fAFP) which h,n been cdled 
""convergence only"" precipitation 1:"1 publications such <~S HMR No. 49 (Hf.nllen 
et al. 1977), for a more complete definition of fAFP, see the Glossary of Terms 
in section 1.2. lt Is e,.phnized that F.\FP is an idealized property of 
precipitation since no experiment hall yet been dt!vlsed to identify in nature 
which ralndrops were t<:>r..ed by orographic {<;>rclng and which by atmospheric 
forcing. This chapter e11plains haw FAFP raay be estimated tor Spi!Cific atons. 
Background information is provlded on the development of the stann separation 
method lSSM). 

7.2. Cloasary of Ten. 

Tencs frequently used in the SSH are listed alphabetlc.ally. 

See Pa. !t is the te"' for the effectiveness of orographic: forci~ 
uaed in 1110dule 1. 

fhe analysts interval, in tnc:hes, for the lsohyets drawn for a stor11. 

See PCT2. It Is the tern repre•enting the "triggerinl( effect•~ of 
or011;raphy. It is used in 110dule z. B1 ls a nu111ber between 0 and 1.(1 
representlng the degree of FAFP tmplied by the relo~tive positioning 
of the 1st tbrough i-th 1sohyetal maxi111a woth those terrain featureS 
(steepest slope1, prollinencea, converging upslope valleys) generally 
thou$1;ht tO induce or ··stl•ulate~ precipitation. A high positive 
correlation bet-en t~ndn feature• and tsohyetal cnadla8 yields a 
low value for e. 1 • for .. ach tsohyetal maximum there is just one 

8-type correlation 1nd, thus, H the area covered bv a ~lven maximum 
:is extensive ennu~th so that II>OU: than one aru catn:orv h c:ontalnl!!d 
lofithin its limits, the B correlations are deten~~tned usinR all 
hahyets col!lprhinl!: a particular madllu<ll. For the 
latll:er-area/shorter-duration catelariea, the Ri correbtton mav need 
to he made in widely separated, nancontii\"UOtJs areas. 

'Jhen av.ailable, the chart of ~~~axhiUII depth-ar,r•-durat1on C11rves 
fro• the P•rt II Su111 ... ry of the stom .an1lv1h , .alon~ with its 
•••oc:tated dacullll!:ntation, ts the primarv source for deteminlnl how 
uny centera (n) and which tsahyetoll maxi11111 were used to determine 
the averilll:e depth for the aru hein!( coneidered. 

~: ().~5 {RCAT). lt represents f.n upper limit for FAFP in n10dules 2 an<l 
S. See also the definition for PX, 

~: The depth-area-duration rerluction factnr ts the ratio of two .averale 
depths of preciptuttan. 

DIJJRF .. R.CATIHXYATS 

~; OADFX • (HlFX)(DADRFl. lt ts used in 11>0dule 2 to represent the 
large1t .-ount of nanorogr•phlc precipitation co11uaed by the same 
atar.oapheric ~~~ech.ani&m that produced. HXVATS. 

Fi: See PCT2. It ta the tenn for the "'upsiaptn~~: effect•~ of ora~~;raphv 
and it ia uaed in l!IQdule 2. It ill .;~. nu11ber het~en 0 and. 1.0, which 
repre1enu the deRree of at.c:~lilpheric fordrut 11Rpl1ed b;.r the 
orientation of the applicable upwind se~~:~~~entl of the ilohnu with 
elevation contouu (hl(l:h poalt1ve correlation of these parallll!:ters 
~~eana a low value for F1 ) far the 1st throu~r:h 1-ch 1UXi111a. For an 
hahyetal INXiiiiUIII there is lust one F-tvpe cornlatton, arsd If the 
ares caVi'red by a ~r:tven n~axillwa 1• n:censive enoul{h so th11t IW1re than 
one area rate~~:ory ts contained within tts limits, the F correlations 
are the salll!: for each of the area cata)l!ories. r-type correhttons 
are detenined Ullnll! all tsohvetlil cot~priltnll: a particular TII8Xilfnlll, 
Aa vith 8-type carrellttona, TlaXillulll depch-o~rel-duration curves froiR 
the Part II of the stnn1 report should be uaed to detel'!lltnl" which 
precipitation centen are involved tn the isahYetal ,.axitlltlm. 

'A depth-aff!a-duratton ston~ analylills 11 sepantl"d into two parte. The first 
~rt develop• a prel1111laacy iloh.yetal IUP and 11a11 curvea of rainfall far all 
ltaUoa. in the stan area. The 1econd part includes a ftnll isohyetal aap, 
co.putation of the •verage depth of rainfall over atl ilohyetal areas and 
4etenatnatton of the !Uiximum averaJJ;:e depth for all are1 siu1 up to the total 
•tor. area. The co11plete procedure u .. :d for makirut depth-area-durati<;>l'l analysta 
h deacrlbed in "'Hama•l for Depth-Area-Duration Analy1is of Stonr. Prectpttatian~ 
(World HeteoroloJJ;:lcal Or~~:en1nt1on 198/i), 



Free "t!IIOapherte forced Precipitation is the precipitation not eauu!d 
by oroA:raphle forcinA:: i.e., it is preelpitation caused by the 
dvna~~:~! c, theraodvnanli c, <1nd 1111 crophvsieal proceaaea of the 
at11oaphere. It is all th"' precipitation fram a atom occurrin~t In an 
area where terraill influence or forclnA: is lle~tlldble, tenaed a 
nonorou-aphtc area. In area• .:.la.aaitted as oroRtaphie, 1t is that 
p;Ht of the total precipitation which ri!IUiina when a.aunta 
attributable to aro,v:raphlc forcif!J! have been re!loved. Factora 
involved In the production of fAFP are; convergence at ndddle and 
lo"' tropoBphertc levels artd often. diver~~;ence at hi~th levels; 
buoyartcy arhing fran heatirll( and tr.stabilitv; forcinA: fr011 ~~~eaoacale 

S)'ate•s, i.e., pseudo fronts, squall lirtes, bubble higha, ete.; ator• 
structure, e!lpeciidlv at the thunderatoT'III seale involvl~ the 
tnreracttoo of precipitation unloading with the stoT'III sustainin~t 

updraft; and hstly, condensation dficiency involvi~ the role of 
hydrn~coptc nuclei and the hei~hts of the condensation and freezing 
levels, 

Th" lar~~:est lsohveral value in the nonoro~~:raphl<" part of the stotl!l. 
The salfte a.tiiOJpherlc forces (storm -.echantsao) must he the cause of 
prectpttatton over the areaa covererl bv the isohYet uaed to detenline 
HIFX anrl HXVATS, 

That part of RCAT attributed solelv to at.,ospheric proceaaes anrl 
havlnli! the dtmen!lion of depth. Since it h postulated that FAFP 
cannot be directlv observed tn an oro.~~~:ra"Phic •u·ea, so-.e finite 
portion of tt wa11 caused bv forctnli! other than free atmospheric. The 
FM'l' c0011ponent l)f the total depth 111..1st dwa:vs b<!' derl'led by •sklriJII: 
one or more uau11ptions shout how the precipitation was caused. The 
subscript "m" identifies the sinl(le auullptton or Bet of aasumptlona 
used to derive the a11ount deslli!nated by l. for example, a aubacrtpc 
of 2 will refer to the assu•ptlonli uaed In .adule 2. The kev 
asau111ptions of all the mdules are detailed in aection 7.3.1. Refef 
to the scheu.tlc for each 1110dule in fi~tures 7.3 to 7.6 for the 
specific forr~ulatlon for each I"'. 

~; LOFACA is the lowest isohyet . .t value at lolhich it first bec011.es clear 
ro the analy•t that the topol(raphy 1$ inflllll!ncin~~: the dlatribution of 
precipitation depths. Confln~ation of this influence h a11sumed to 
a.ccur when goBd correlation h. obeerved betwet!n the LOFACA isohyet 
and one or ~re elevation contours in the orQ~~:raphic part of the 
ston.. 

How is LOFACA found? " sche~~~atle isohyet&l pattern Is shown h)' the 
solid lines In f t~ure 7 .I to illustrate this procedure. Start at the 
stot"ll! center and follow the inflow wind direction out to the lowest 
valued 1sohvet tn the analvsis (no lower than l in.) located in the 
orogu.phic part of the storn. lf the stotlll pattern is oddly ahaped, 
it 111ay be necesssrv to uae 1 direction s11~~:htJv different fr0111 the 
exact inflow direction. Any direction within :t 22,!i de12rees either 
side of the inflow direction which allowl cor~oarll!lonl!l of the sort 
descrlb.,q a.bove is acceptahle. The vector CL in the schl"'\atic of 
f!~ture 7,1 represents the path In this storn that is parallel to the 
Inflow wind and dtreeced .n the lowe•t valued iBohvet. Next, draw 
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Oro~r&phie 
Separation 

I 

2 

Lin 1 

2 

Pipu 7.1.-Sch-...ttc illuat:ratiDI" 411t:enU.-t1oa of LOPACA. 

-I 

t1o10 linea parallel to and either side of the vector CL. Eaeh of the 
pardlel lines will be dr....,n at a distance fr011. CL of 1/Z the len~~:th 

of CL. Theae linet are the da•h-dot line• in fill:ure 7.1. Theae 
lines will be called Rrana:e Unea.M The ra"-e linea end .u the 
orographic separation line (the saw-toothed Une in fl~~:ure 7,1) since 
only correlations in the orographic part of the •torn are Important 
tn deter.tnin,v: LOFACA. 

l'he next step is ro e:u•ine those isohyeu which intersect the 
range linea down wind of the aton center of taohyet•l lllalliiiUII. Sueh 
se(t~~~enta are considered candidate lsoh)'etal aell:lll!l'ltl (CIS} and they 
are depicted by the aeg,.,nts of the isohyet• PY and QZ in 
figure 7.1. The objective is to detenn1ne which CIS hu a good 
correlation with topographic features indicated by the dashed 
linea. " ~~;ood correlation 1s a CIS that parallels one of the 
s11oothed elevation contoura alon~~: one-half or WIDre of its len~tth. 

When no tsobyet is found meet10A: the criterion, LOFAC" is defined to 
be ~era. As depicted in the scheaattc, the 4-ln. CIS ind1.:.11ted b}o 
the solid line (frOCD P to Y) showa a ~:ood correlation vith the Z -+ 2 
and Z + 3 contoura, 10 the value of t.OF'ACA 11 4 in. If the 4-11\. 
lsohyet in figure 7.1 had been alonp: the dotted line fr0111 P to X, 



..!&!A£: 

..!!.: 

~: 

there would have bt!en a ooot correlation and the value of LOFACA 
would have been zero for this ston~. 

The slit"niflcance of lOFACA ts th&t precipitation dl!ptbs at and 
belov thh value are auu111ed to have been produced solely by 
atmospheric forces ;rl.thout any additional preclpltatlon reauhillf!: 
from topo~raphit effecu; i.e., they represent the ''mlnhru11 le"¥el~ of 
FAF? for the sto1."111. If 1110re than one isohyetal cel'lter exists for the 
area she selected, the procedure is followed for each center. If 
the value of LOFACA 1s dHfetent for two or 1n0re of these centers, 
the lowest of the values h used as the one and only value of LOFACA 
for that stom and .area size. 

LOFAC • LOFACA • ¥ ( .. (A~)· } 

lt is 11 refinl!l>l!nt to lOFACA b.a!led on the concept that AI n.ay 
pre1udlce the IS$11fninl![ of 1 11.ini~a~m level of FAFP. 

The .avera~~:e depth of precipitation for the total stoi"TT duration for 
the 11~llest area si2e analyzed, provided that tr h not latl{er than 
100 mi • It is obtained fr0111 the pertinent data 11heet (P.D.S.) for 
the stoT11'1 lntluded in ~Stom ltatnfall" (Corps of 
EnRlneers 19&) - ) , It is used tn several 1110dules to calculate 
percent•lfeS of FAFP. If the area criterion o::annot be met, the llton 
is not used in the studv. 

When used in 1110dule 2 it is the number of analvzed hohyetal lnll:daa 
used to set the avera~~:e deptto of precipitation for " lfiven area size. 

Orol{raphlc Separation Line is a line 11htch separatea the CD-103 
re~~:ton lnto two dhtinct rel{lons, 11here there are diffetent 
orl)flraphtc affects on the precipitation process. ln one re•lon, the 
nonoro~~:raphic. It 1s uaullll!d no IIOte than a 5-percent ch&nfi:e (in 
either lncreasinll or decreasinlt the preo::ipitatton 111110unt for any 
stonn or series of stor111s) results ftooPI terr•ln effects. In 
contrast. the other re!lion h one where the Influence of terrain on 
the precipitation proceas is Sll!nific•nt. An upper lh1lt ot 
95 percent arul a lowet l1111lt of no less than ) percent ts 3tlowed. 
The Hne 11a~xtst any11here !rom a !ew to ZO 111les upwind (where the 
wtnd direction is th11t which is 1ud~ed to prevail in typical record 
setting stonns} of the point at which the terrain slope e(!uals or 
exceeds 1,000 ft 0111 5 II'.Ues or leu ;ri.th rnpecc co the !nflowtl\11: 
wind direction (sec. J,l). 

P8 (and A0 l is" rattn in whic'h the effectiveness of an actual storm 
in producin~t preclpttatlon 1s co11pated with a conceptualized stot'lll of 
"perfect" effectivenen. ln such a conceptual 110del, features known 
by experience to be 'hh:hlv correlated with positive vertical motions, 
or an efficient storm structure, would be numerous and 1n0:lst at an 
optlmun. (not alwavs tho> lar~test or stron!lest) lntensltv level. 

!_!: 

!f.: 

Thus, 

'· 
Effectiveness of Actu•l At!lospheric !-lechanis111s 

100 

whOl're thOl' nur.erator is a nu111ber between ~ and 9'; 

A .. Effectiveness of Actual Orographic Mechanis111s 

" 100 

where the nullll!tator (5 a nu•ber between 0 and ..,9). 

It lolOuld h11ve been desirable to expreu Doth P8 and A
0 

in physically 
~~~eanlngful units; however, this was not col\lilidered puct.ical becauu. 
the available .eteorological data for 110it of the stot"'JLS of concern 
are gener•lly extremely lill..lted. ll.ence, the present foriDlllation is 
expressed in tems of subjective inferences about physical 
par•n~euu known to bt! effectiYOl' in the production of precipitation 
either in -ajor stotllls in nonorographic regions or by considering the 
results of flow of saturated air agalnat orographic b&rrters. This 
type of for.ulation is required, because of the lilllited availability 
of llll!teorologlcal lnforaatton for the stor.s, but is considered 
adequate for the purposes of this report. Mechanically, the 
effectiveness of the particular nona is derived by uslng the 
checklists in 1110dule 3. 

The ratio of the nonorographic area containing precipitation to the 
tot•l aton11 precipitation area is given by PA. Its inverse is used 
when setting a realistic upper lt•it for r 2 and r 5 (see definition 
for PX <1n the following p11ge). Areas In which the depth of 
precipitation is less than 1 ln. are not used in forming the ratio. 
In t.ontrast to PC, PA doe1 n.,t depend upon the area size being 
conalderec! In the stona separation method. 

When the LOFACA lsohyet does not. extend fro111 the orographic parr into 
the nonorographit part ~ton~~, It ill the r•tio of the su111 of 
the areas In the nonorographic part containing amounts equal to or 
greater than LOFACA {the numerator) to the total nonorographic &rea 
In which precipitation depths anociated with the stol'll are I ln. or 
more. When the lOFACA lsohyet does extend into the nonorographic 
part of the storm, the numer.t'Or ts incre&sed by an amount 
representing the area bounded by the l.OFACA 1sohyet and the OSL. It 
Is used in 1110dule 2 ln setting a value for LOFAC. Note: when 
LOFACA is tero, PI will be one and LOFAC will also eq....al <~.ero. 

lt Is used in the fonaulations of PCTl, PCT2, and ?CT3 to take into 
account the contribution of nonorographic precipitation to total FAFP 
(which includes FAfP contributions frca orographic areaa). It is 
expressed as a nu111ber between 0 and 0,<,15 The value of the upper 
limit is 0.9:5 because no atom in which IDOre than 9~ percent of the 
precipitation fell in nonorographic ueas "'' considered. Thus, so­
storms fto111 the list of 111portaot stonlll were not considered since 
they occurred In the nonorographic region. 

I!, !or the are• size be1ng considered, part of the total volu~~oe of 
precipitation occurred in a nonorogr•phic area, ?C is the ratio of 



!!_: 

!£!.!_: 

PCT2: 

that partial volu.,e to the total volullle. If non• of thl' total volun~e 

was nonoro~~:raphtc, PC • 0. The ntio of volume~ is obtained bv 
fortali'IJI: the ratio of the corrupondtn~~: area slzea firat, then 
!lultiplvtnlt that ratio by an estiaate of the avera~te depth in the 
nonotQRraphlc &rea, and finallv divldinll this result bv the avtra~~:e 

depth for the total ar .. a, both of these depth~< occuuinF: at malli!lum 
duration. 

is the smaller of either BFAf. or D.\DFX multiplied hy {PA)-l el(tept 
when PA • 0, in which cue PX • BFAC. Once selected, PX e.erve! to 
define W'hat is a realistic upper liMit for lz and 1~. 

PCTI " PC + ::~ {0.95-PC). 

MXVATS is used only for the &!lallest are~ stze on the P.D.s. 
(provided that it is not greater than 100 mlk) becaua .. thl' average 
depth .!It larger area 5hes is influenced by how tsohyets were driiVn. 

( 
l (f •• , ) ) 

YCT2•?C+ 1 " 1 ~n (0.95-PC) 

It ls a nu111ber between i"l and 0.95 where n is the number of hohvetal 
11axiroa. tn the orojlraphlc part of th; s.ot'll applicable to the 
area/duration cate~~:orv bein~ considered. Estillates of F- and B-tvpe 
correlations are dependent upo:1 the ou•lit'!' of the tsohvetal analysis 
and upon proper tdentlflcatlon of the precipitation centen Involved 
In the area catuorv under consideration. When there h no Part 11 
stot'nl studv lnfon~atton a.vailahh, the analvst fiii.Ult diPcide whether a 
reasonable· IPI!Itimate can he 111ade for n. When there are iust a few 
111axima, uch at a different depth, a reasonahle estl,..te Is Hkely, 
whereas when there are nu-.erous ~naxiu ali of which are hr the sa.e 
de,th and which enclose about the sar~e area, it Is less Ukelv that a 
reliable ualue for PCT1 can be calculated. \.lhen the la.cter ts the 
cue, the .ansl'!er to question 13 in module 1 will be ··no" and the 
analvst rloculllt!nts this situation In module ~ after co~~pletin2 
modules 1 and 4, 

~: Thi~ Is the ratio 12 /RCAT where 12 is the total amount of RCAT that 
h FAFP. 12 ts defined by thiP rel,.tionship: 

12 ~ {LOFAC +{HXVA.TS-t...OFAC)PCT2]DADRF 

Substitution of these teTftls Into thl'! definition for PCT22 il'!ads to 
the rela.tionship: 

PCT22 PCT2 + ( LOFAC) (l-PCT2) 
MXVATS 

~CTJ " PC + (-'-•--) (0.95-PC) 
p • A 

• 0 

lt Is din.enslonless n1.1n.ber usuallv between O.D) an<l 0.95, 
representln~~: the percent of thl' total depth of preclpttatlon for a 
l!"iven area/duration cHejlory attributable to the atn.osp'heric 

processes alone. It h obtained not onlv bv consillerinl!! priru.rilv 
"'eteoroloaical inforNtion, but also by conslderir~~~: the followln~~: 
111.1.n1111al list of addl clonal Information: a ?,1),5. for the stonn (DAD 
daca) lncludinp: the location of the 1ton11 center; a chart of s~othed 
contours of terrain elevation; and precipitation data sufficient to 
define where precipitation dill or did not occur. More det&iled 
precipitation infonaatton is used, !.~hen av•Hable. 

The r&nge of 0.05 to 0.95 is conaidered reasonable, because it Is 
PN~tulated that the orographic influence never c0111.pletely vanfahes, 
and when the orogro~~phic Influence h predo~~oinant, precipitation would 
not continue without s011e contribution from atraoapherJc foretn~~; 

IIM!C:hanisll.l· Thou~th not eJ:pected to occur, it 1& conceivable that 
PCT3 may ellceell 0.95 if the esttlllated oro~~:raphic forcinl!: was 
downslope, actually decreaain~~: the total poasihle precipitation. 
Thh matter is discussed further in the section dealln~t ,.lth 
IPKidule 3. The fo""latton for PCTl Is llll!a.nt to applv onlv to r~ajor 
ston~s and definitelv not to minor ston11s where ne~tative terrain 
fordnl! on lee slooes 111111:ht appro.,eh, or exceed, the mal!;nltude of the 
at~Waphertc forcinl!:. 

!f£: The aveu~te depth of precipitation for the selecterl catelorv. Theo 
"CAT~ indicates thu the pua11eter R {a a variable dependln~~: on 
cate~~:orY definition. 

~: Ref'tesentatlve nonorographic value of precip1tatiDn. lt Is the 
hiJ:hen observetl amount tn the nonoro~~;:ra-phie part of the star"'· The 
v.Jue of RNOYAL ls not art1uated to the elevation at which KXVATS h 
believed to h.ave occurred. RNOVAL and I'IXVATS must re$ult from the 
sa11e atiiiOspherlc forces (stot111 llll!!chanisl'!l}. 

7 .l a.cq:rouad 

The SSM was developed [n the present fora~at because four distinct sets of 
prec.ipltatlon infonoatlon were &Yatl.lble for record-settinf!! stoms In the CD-103 
region. These were: 

I. 

1. 

Reported total storm precipitation, used in 1110dule l. 

lsohyet and depth-area-duration a.nalyses of tota.l stona precipitation, 
ineludin_m: P•rt I and Part li Sulll .. aries, used in module z. 

3. Mereorolo~:Lcal data and analvses therefror~, us.:d fn module 3, 

4. Topographic charts, used In all modules. 

Since the qu•ntitv and qua11tv of the tnfon~atton tn the tint three of these 
set• VO!.Ild vary from stotll to stonn, it was concluded that a raethod which relied 
on lult one of the first three aets (alonl!! .. tth topo~~:r•phic charts) mt~~:ht be 
Quite useless for certain stonas. .-Uternattvelv, one could have a !':SM wt.lct. 
always combined 1nfor!l&t1on troll the first thrl'!e sets. Thts choice was rejected 
alncl', for IID05t of the ston11s, one or aore ot the aets mlaht contain no us~~:ful 
1nforqtton and hoeus data would have to be used. Clearlv, the SSH <lepends on 
the validity of the input tnfonutton. 
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four 5ets Qf tnfornation .are used in the SSH to produce up to five elltimates r 
fAfP• for area clte~ories up to 5,000 ati 2 and duratioos up to 7Z hr for starr 
with 11111jor rainfall tenters in .aoref.s c:la1sifted as ''oro~~:raphtc.·· the IW!chJ.nic 
of the procedure used to an-ive at one nu,.erical value of FAFP for anv relev.en 
aru/duratton (A/D} c.etegory for anv qualifyln~Z stom are accDIIpltshed l­
cocpletlng the tasks symbolically represente-d in a HAIN FLOWCHAIIT for the SS 
(fig, 7,2} along with its associated SSM MODULE FLOWCIIAIITS (fig, 7.3 to 7.7) wit 
references to the following 1te11s: 

l. Gloaaary of !ems (sec. 7.2), 

2. Conc:epts for use of the aodules (sec. 7.3.1). 

3. Spedfic questions co be answered in the HAIN FLOWCHART and the HODUL 
nOIJCHARTS. 

The validity of the techniques in th~ SSif depends on the valtditv nf th 
conc:epts upon which thev are baaed. F.valuarion of th<!'se concepts is crttcial i 
thi! application of the procedure. A relative evaluation of thO! validitv of th 
concepts undll"rlvin~Z the individual modules will JlOW'rn wh1ch of the five gossibl 
values o.rtll be uaed for fAF'P for a dven AID cate~~:ory. The evaluation 1 
fonaalhed in module S (colu111n E) of the SSif b.ned on the ;,nalv!ts evaluation o 
the various concepts. Several concepts are h.eslc to acceptance of the procedur 
u .a whole (all modules) vhtl<!' others relate to the evaluation of individua 
UIOdules. 

1.).1.1 Clorll"l'all Kett.:.4. The total dll"pth of precipitation for a )'!iven A{: 
cateJ!lOry ts ca.paaed of prll"cipttation th.et result& from at .. oapherlc forces an. 
fr011 the added eff<!'ct of oro~traphy. ThO! ~~~ethod anu111es that thll" effect o 
ora«r•phy aoay either contribute to or take away from the a11ount of predpit•tio• 
that is producll"d by tb.e at1101ph<!'re. Wh<!'n the oro~traphic effect h positiv• 
(ll"xpressll"d u a pll"rcentage contribution to total precipitation), 1t 11.0.v not b, 
leas tho~~n ') percent. lf it is alao assumed chat the tll"rn.in surrounding th• 
location where • glven sto!"ll of record occurred had been transparent; i.e., hac 
no effll"ct on the atiQo&pherlc forces acttn~t: there, the re&ultin~t total prectp­
ltatiol'l would be the same as the free atr forced component of prll"cipltatton for 
th<!' actual stol'lll. 

It is assuraed that the FAfl' never COtlpletelv disappears 1n stonns of record. 
and th<!' totsl volume m.ay contain contrlhuti~ns over both th~ oro~traphic anc 
nonorogr1phic .areas. The further assumption ts m.ede that, when no ocher 
inforutlon is avatl<Jble at the •horter durations, inferences 11ade fror 
precipitation depths valid .at m.uimu111 storm duration for a Riven .area are etJulll' 
valid for the same area at shorter durations doom to and 1nclud1not the mini11ur 
duration cate~:ory. 

7.3.1.2 Module I. There are three co11ponent~ thn underlie the use of 
precipitation ohervations in the estitution of the contribution of th• 
at•osphere to the precipitation a1110unts in IJtorms. These arl!: 

l. If free at1110spheric fordn.~Z in the nonoro~raphtc 11art of the stonn hac 
been &lllal1er that it was, the value of the n~axt"'u"' depth ot 

precipitation would have been proportionally less. 



The FAFP In the orogrsphtc region of the a ton~~ h approxtmat~d by the 
11ax1mum precipitation d~pths In the nonoro~~:raphic rel{ion, as lonR a.s the 
same atmospheric forc~a are involved at each loc.ation. 

3. Estilll.lltes of th~ FAFP bas"d on Ulfumptlons l an<:l 2 Iff' bett~r for small 
rather than intenw!dlate or larJ~;e area st~es. 

7.l,l.l Hodule 2. This roodule uses iln hohyetal anal,.sls of the precipitation 
data to evaluue the fru: air forced CO!I!l'onenr of prf'Cil'ltatlon. Inherent fn the 
uae of this IIKldul" ls thf' u;latf'ncf' of &n hohy,..tal •nalysis based on adoe<~uatf' 
t~recit~1tat1on Information and preoer"d without undue reliance on non.al annu•l 
prl"dpitatlon or orhu rainfall tndlcu which rru'IV inducf' a spurious corrf'lation 
between the prectptution MIOunts and topography. In additton, there are five 
other concepts underlylfll[ thls *l<lule. The9e au: 

l. One or more than one level of LOFA.CA mav exist In' the orolll(uphic pan of 
il storm. "hen ..ate than one sconn center 19 eont.llined tn a given area 
category, the lowest level of LOPACA found 1s used for that are• she. 

2. LOFACA extns when there ts a ~:nod correhtlon berween soi!Wl isohyet and 
elevation contour9. 

l. 

4. 

'· 

Upaloping .and trigger1nJ! (F- and B-type correlatioll$) are of equal 
significance in deterl'l.inin!l the percentage of prer:tpitation above LOFACA 
which is terrain fon:.ed, 

For •n oro~:raphic nor. {centered in th orographie portion of the 
regioo.), the lar1er tlve nonorographic portion beco.es (in relation to 
the tot.al stona area), the 1110re likely that the ob81'rved lar~test 
rainfall a1110unt tn the nonora~tre.phtc portion (as represented by D.WFX) 
ia the ''true~ upper ltl'l.tt to FAF!' in the Ot'ogr&phi<: part of thf' scor.. 

E.nimates of FAF!' usinl( the above .usulllptionll are better at intermediate 
and large rather than small area sizes. 

7.].1.4 Hadurle ], This module 111akes use of the nreteot'olo~~:ical analysis and the 
evalu.ation of the lntera<:tion of dvna"ic mechan19ms of the at110aphere liith 
Utrdn to estlrute the FAF!'. There are seven h.slc t!lncept' underlyln~~: the use 
of this 1110dul~. These are: 

I. Eati!Dates of FAF!' 111de usln~ the technto .. es of this module 1111v be of 
~n~r~~:tnel reliahlllty 1f the lltonas considered are thoae productn.: 
1110derate or leu1er precipitation ••oul!ts. 

2. A variety of stotllll exist, e~ch one of which haa an optillu• 
configuretion for producinR n:trel'l.e _precipitation. 

>. The more closely the &tmospheric forcinp: 111echanlsm& for a ~tven ator11 
appro.ach the ideal effec;tlveness for that type of arotlll, the lar:-~~:er the 
etfectlveoe95 value (Pal for that stO!"III beco11es. 

4. The fAfP is directly propottlonal to the effecttveoess of at1110apheric 
forcing nrechan111'115 aod Inversely proportional to the effectivenu& of 
oro~rep.hic forctr~~: mechanisTitS. 

'. !f the effectlvenesa of the oroll!rllphic forcinll mechanisms is of opposlt• 
ailln to the effective-.u!as of the atmo9?herfc forctn~ woech&nia<IIS and o· 
e<1u"-l or Lsrli(er !fiBgnitude, little or no precipitation should occur. 

6. The FA.FP of stof'IIIS of record is arbltrartly limited to no more thar 
100 t~ercent of the IIIIJCieum precipitation depth for the area/duretlor 
cateli[ory under consideretton. 

7. Eatt .. tes of FAFP usi"S!: the above a&llumptions arf' better at laru rather 
than st intetn~ediate or srull area siz.es. 

7.J,l.5 Hodule 4. A buic uaumptton underlytn~ the use of 1110dule 4 is tllat 
better reaults c.an be obtained by coebininl!. tnfon~ation; t.e., sver~illl': th~ 

percentages obtained fro .. the tsohyet&l analyals with the meteorological enalysi~ 
and those obtained fr~ analysh of the precipitation observations vtth thE 
llll!teorol!lglcal analysis. Setter estirutea >~re produced hy averrr..rUng when chert­
is little difference in the expressed preference for any one of the technique& or 
sources of 1nfons&t1on and, aho, whe11 the calcuiared pen::ental{e cf fAfl' frorr 
eech of the 110dules exhibits wi<le differences. 

llttle is to be gained from use of the a.veragtn~~: technique over estimate~ 

pro<lueN by onl!' of the lndlvtdual anelyses of modules l, 2, or J when: 

J. There are l.arRe differences in the expressed preterence for the 
teehntques of one .adule. 

2. The sourees a~ infonatton for one of the ind1vtdu&l rrrodules ts 
definitely aupertor. 

3. The calcul.ated pereentat:ea a11on~t: the lnCidules are in close a~~:reemrant. 

7.4 11etbodolO(y 

the SSM was developed in a .,.,dular fra.11ework. This p.er11tts the user to 
eonatder only those facton for whieh tnfonaa.U!ln is av.r~tlable fol an 1ndlv1<1ual 
1ton. A KAIN f'LOWCllAJI.T of the SSH is shown in fi~ure 7.2. 

The MAIN Ft.OWCHART gives the user a11 overvt...., of the SSH. 11o<lules I, 2, and J 
are deaigned to uae the fir•t ttlrl!:e tnfonutlon uta raentloned in section 7.3 as 
indicated by the reurlr.s coluan at the left aide of the flovch.art. A dedsio~> 
lllllSt be 11ade Initially for eny stom and category a.a to which 110dules can be 
a.ppropri.ately used, 11odule 1, 2, or). The decidon is based on a '"tntau111 levl!'l 
of sccept.abi11ty of the i~>farwattan required by the J~Cdule in Question. The 
dectaions are fot~~a.li£ed for each of these thtee 1110dules in SIOdule o. The heart 
of the SSM proceduTe is 1110dule 5 where documentation is •ade of the SSM proceas, 
thereby per-1ttlng traceebility of ruulca. ThouRh orodule 5 can he reached on 
the flowchart only after paasillli: throu~~:h each ot the other modules, It Is 
rec0111eended thet the ateps ill ea..-.h module be docu11ented tn the record sheet of 
liOdule 5 as the analyst proeeeds. Transposition and motst1.1re ma:rt1mintion of the 
tndeJI value of precipitation follow9 the completion of the SS~ and will be 
dtscusaed in chepter B. 



1.4.1 Hodule flowebaru 

There is " flovch•rt for each module. These were deYeloped to dd the analyst 
in following the procedures in the SSH. 

7.4,1.1 tlo<:IW.e 0 Proc::edure {ftg. 7.3). It h IMportant In thh 110dule to decide 
on the adequacy of the available don..,. The reaulta of this •••en~~e:nt are 
entered in coluan D of flgure 7 • .8. The follovtns rule• concern!~ criteria are 
uaed; 

l. For modules I, 2, or 3, if there .-re no data IYIIillble for t'he p:tven 
technique {module), .-ui~n 0 to colu11.n 0. 

2. If the dat1 are jud~~:ed to be hi)l!hly •deou.-te, asaiRn a value of either 7, 
8, or 9, llilete 9 is the a.o5l .o.dequ&te. 

l. lf the q""ntlty, conshtencv, and accuracY of the tnfomatlon are judRed 
to ~ adequ.llte, a&si~tn a value of either 4, S, or 6 to colullln o. 

~. 1f che Input 1nfonr~~t1on are jud,~~:ed as neither hl~~;hly 1deouate, adequate, 
or m1ss1n.c, a value of either I, 2, or ) must be a:u1Jtn.ed to colurm D. A 
Y&lue of l {a the lowest lo!uel of &deau.-cv consistent witt> aftlt"lllative 
te9pon.ses to queationa J, '!!, .and 7 ttl 1100dule 0, 

An evalu.ation of a tf'c:hnique is not appropriate when there is ln1ufftcient 
1ntormatlor, avatlat>le for it to be u.of'd. Assl~~;ning &n effective v.-lue of ~ero co 
colurtn D under tt>ese c1rc:unst1ncu el1~ainates the posa1b1l1ty. 

The Glosaary of Tera~s ptoutdes all ~required in(or.,.tion needed to give 
nuNeri.csl values to the fiYa variables in the fltlt step of the 1110dule 0 
procedure. Note: In thh 1100dule and in 1110dules l, 2, atld 3, the connector 
&flllbol (C) applies only >~ithin the given ~dule; I.e., when one is aent to a 
connector symbol it is alvavs the one that 1s found In!!!.!.!. 110dule. 

The !ollwinl! questions need to be o1n~"ered in tnts ~duh: 

Q.t. ls I'C equal to or .~:reat<'r chan 0.95! 

Q.2. Is tht>re a MXVATS for an are• ala equal to or leaa thin If){) rll 2 on 
che Pertinent Data Sheet for this stonrr? 

Q,3. Are tt>e <lUancity, quality, and distdbutton of the nonorou·aphit 
obaervatlons sufficient to select reliable value for RIIOVAL' 

o.~. ls an iaohyetal analvii!s available? 

(').5. Is the lsohyetal analysts reltablf'' 

0.6. Is a reliable 1sotlyeul analysis e1s1l;.< .ccompllshed? 

Q,7. Are the meteoroloclcal dau sufficient to r11ak.e a rellilble esti11ate of 
Pa and -'a? 

Q.8, Is RNOVAL equal to zero? 

ENTRY 

SET: RCAT. MXVATS, OAORF, BfAC, PC 

SET VALUES FOR COLUMNS D. & E. IN MOO. 5 

PASS,. NO 

RETURN TO MAIN 
FLOWCHART 

REMARKS, 

MtNTR'I',M2NTAY, M3MTRY ARE 
'IARlAel.[S WltiCH &TATE WHETHEII 
OR MOT A MODULE WILl. 8E USED. 

USE a/• IN COLUMN E. Df 
NCOULE 5. F NOOULE ENTRY 
\IALUE IS MD 1 ••• Y:2.!HRY.oN0 

fAU 1$ A VA!hABL[ WHICH 
DETERMIH(S WHETHER CER1&rN 
S'T[P\ IN YCOUlE 4 W.t.Y BE 
ELIMINATED. 



Pisure 7,4 .-Flowchart for _.dule I, SSH. 

REMARKS: 

RNOVAL 
MXVATS 

<.95-PCl 

7.4.1.2 Kodu.le 1 Proeedure Cft~. 7.4}. This module co~aes doser than anv other 
In estimatinl'! a value tot FAFP based on observed preetpitation da.t&. The kev 
variables RNOVAI. and I'[XVATS are based on direct observation, even thouRh in some 
circu111stances uncertaintY surrounds the accuracy of these observations. The 

actual values selected dtpend on tht placemtnt of the OSL (stc. 3.2.l) fn th· 
vicinity of the nom under consideration. Addltlon.ally, an analytical ludl'!men 
IIUBt be ~Ude concerninl{ the 11to:na nechanism that resulted in HXVATS anrl II:NOVAL. 
tf there is zaore than one atom IW!chanlan involved in the 1:1torm, the valu• 
selected far RNOVAL muat u•sult from the salliE' onechantsm that produceri MXVATS. 

The follawing questians are asked In 1110dule 1: 

Q,q, Is this the first tilH' in thh 111oduh for this ston11? 

Q.I(l. Hu the analy1t just arrived her• from ~dule 4 to do a re11iew? 

0.11. Is RNOVAL equal to KXVATS? 

Q.l2. Is a review of the data and assi~~:ned values for th~ variable needed! 

lf it h a (Ood assumption tha.t RNOVAL will usually be obser~red .!It 1 lover 
elevation than HXVATS, then there U a biiS rovard rebtivelv larl!f!' vmlues for 
I'CTL in relation to the other pereentaJ~Eea frOII'I the oth,..r DJduies, since total or 
cu111ulatlve precipitable water usually decrease& v1th increaa1llll: elevation. Th~ 

viability of PCTI depends on the density of good precipitation obaervatians on 
the date the atom occurred. 

7.4.1.3 Nodule Z Procedure (f1J, 7.5). In this 1110dule, the av~rag~ depth of 
precipitation for a given area•durat1on category is conceived of •ll a colu11n of 
water co111posed of top and bottOll sec::Uon& (where the bott011 section csn con.taio 
fr- 0 to 9S percent of the total depth of w•ter). The lilllt to the top of the 
bottoll aection is 1et by the para•cer LOFAC. The bottOII aection h conceived to 
conu.ln only m1n11'lu!U level of FII.FP for the stern. The top section. cantain& 
preclpttation that reault& !r0111 oro~raphic forcing, and perh•ps addttlon&l 
•l.,.lpheric forcing. The perc::ent (if any) of the top •ection that reaults fro11 
at110apher1c forcing 11 deterrdned by the F-type •nd B·type correlations. The 
vllue computed for LOFAC h sensitive to the accurac::y of the isohvetal 1nalvsts 
for the ston11. Thls sensitivity ~a.~at be takl!n into account when evaluaictnil: 
•odule 2 procedures in colurDn F. af .odule 5. 

The procedure in which the precfpitation h divided into nro sections, is 
represented also tn the expression for PCT22, vl1ich ru.y bll!! rewritten aS' 

E'CT22 • P<:TZ (1 • LOFA.C ) .._ ~ 
HXVATS HXVATS 

There are threl! tenas on the ri,l!'ht-haod side of the above eouation. The 
rightmost of these ter.., h; the minh1u11 level of FAFP for the whole colullln 
e:~~preued as a percent of the total and is the bottOIJ seC[ion of the ideallted 
colu111n described above. Th,.. product of the first two tef111S on the right-hand 
side of the e<:uat1on descrtbss the top section of the trleali!:ed colu..,n, where 
PCT2 is the percen.t of the top section arlsinJII from atltospheric fordn.,c: and the 
sec::on.d tet'lll is the depth of tl)tal prec1pit•t1on. lllinus the adni•u11 level of fAFP 
expressed as a percent. 

LOFACA is set to zero and LOFAC bec0111es zero lo'hen a gaod correlation. cannot be 
found between any of the lsohyeu and the elevation contours upwind of the ston11 
center. Zero is the nu-.ertcal value that is a;.propriate for • !Unimulll le11el of 
FAFP for the storm. Here tc is assumed that the botto• section of the ldealized 
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~olulln 11 e11pty (!llinillu!ll hvel of f'AFP - 0), and both F-tvp~ and B-rvpe 
correlation& will deten.ine the approprt.ne level of F"FP for th~ sto-;;:- The F 
and J correh.tion~. to properlv eat•blish the appropriate FArP, are detemined 
nearby and upwind fto111 th"' atoi'TII center. 

Af;. in 110dule l, an •nalytical jud~-..ent nru!U be 11ade on 8tOT!II lfll!chanh:r~. h 
1110dule l, it was required that MXVAtS and IUIOVAL are the result of the sa.e 
dyna111ic pro~ess. In 110dule 2, it is neceaaary to deur.tne th•t RNOVAL and HIFX 
are the ruult of the u.lr!fl Stli0&9her1c forces (stol'lll .oechanillll), 

The following questions are .uked in 1110dule 2: 

Q.9. la thh the first tilDe in this .odule for thia atolll! 

Q,JQ, Ha1 the analyst ju5t &~rtYed here frco 1110dule 4 to do 11. review? 

Q.l2. Is a review of the data and ant~ned values for the variable needed? 

Q,IJ. Can 1t be detet'111ined whicl> isol>vetal mlll!illa control<s) tl>e aveuge 
depth for the catu:ory selected? 

0.14, Is there ,~~:ood correlation between soc.e hohvet and the elevation 
eontoun tn the orographic part of t'ne storm near t'ne scorn~ center? 

Q.IS, h 1 2 lela than or e!lu&l to Plt? 

A feature of 110dule Z not to be overlooked ls the eonseq...ence of a negative 
reaponae to question 15 accCAplnied by a negative responae to question IZ. In 
thhl caae an arbitrarily defined upper U.cait is 11et on PCT22 and t 2 • !he upper 
l1111t will be the smal.ler ot tvo nuRbers. The adection of R'E'AC as one of the1e 
nuabera b obvious when one considers that orogr1phic fordng Wlay be either 
po.itive or negative. The secood httor is a consequence of the concl"pt that th~ 
larger PA beco-a, the •ore 11kdv the second factor represents the rrue level of 
fAfP, Iince With il lar,;e valul'! of PA the largest obaerved rainfall aruount tn thl'! 
nonorograph1c portion ls 110re likely to represent a true upper ltmlt. 

LOFAC is alway5 a nu11ber equal to or slt(!:htly len than LOFACA. This is so 
bec1u5e it is pou.tble that the mini,.um level ot fAFP is reached ~ the 
arbitrarily aet anah·sis interval allows it to be ~plr'.kl'!d up," lt is rea11oned 
thst the luger the area "occupleC by the LOFACA Lsohyet Ln the nonor<l!l:taphtc 
part of the stona, the 1110re likely that the analysis interval h11a. "picOoed up· the 
described depth. '.lhen there is no nanoroRraphic portion to the storm, the 
par.aaeter PB, used to •et .a ve.lue t;;t:'"LOFAC, beco,.ee undefined (5ee definition af 
PB). Conseqnl'!ntly, in the 1110dule 2 FLOWCI\AR1' Lt IDUSt be deter!llined wheth~r a 
nonorographic portion af the sto111 e:dsts vhen there is an affi!'TIIatlve resPOnse 
to queatian 14, If s<l, a. reasonabl~ v:alue tor PR ts zero. The con.!leQuence af a 
ne~~::atlve response to question I& ts that LOFACA c.ust he zera. Resrard1"ss of 
whether or not a nonorogrsphic p&rt of the stoflft e:r.iats, LOFAC must not b~ less 
than zero t~nd this is ensured by settinll! PB equal to 1. 

7.4.1.4 Jtodule l Procedure Ui~~:. 7,6), Tht& module uses ~~~eteorolodt~l and 
terrdn tnfon~.atton to evaluate ~n approor1ate level of FAFP. This 1~ 

acco•pHahed through evaluation of P 3 and A
0

• 
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The iollovinl! sutdelinea are provided to •td tn the evaluation of Pa on tlu· 
cheeltlilt ~:tven tn the flowchart {fiS• 7.6): 

I. Uae ~oluan A to truU~ate (by a ~he~t.•ark) the preaen~e of <;>ne or 1110re 
features whi~h lnhr poattive vert1~al motion, or vhtch ··~ ~ontrtbuu 
to..-ard an efficient stonl structure. 

z. T&lte a1 a ba.ah for ~011.pariaon an idealized atorm vhich contains the 
a..e feature• or phen011.ena that were ~heckad off 1n "olu..n A and 
indicate in ~olu•n 8, by aelecting a nu•ber between 0.05 and 0,95, the 
deu·ea to whi~h the effe~tiveneaa of the selected actual stan 
featurea/pheno-na (in producing prectpitatior:~) approa~hea the 
effe~th·eneea of the aa~~e feeturaa/phen0111ena in the ideallted atona. 
Where more than one feat~.~re/pheno-non 1& aelected for a given cate~rory 
of Mteorolostcal infona.~t1or:~, it ia the al[l[regate effectiveness wtllch 
i1 conaidered and recorded in colu•n 8. 

). Repeat atep1 1. and 2. for each category (surface, upper atr, ... , 
otheu) of •taorologtcal data. 

lo, lf the quantity arul qualitY of the lntona.~tton pel"llllts, the de~~:ree of 
convecttve-aeale forcing •ay be dhtin~~tulshed fro. forcing due to lar,1er 
acala Mchant.... lf ~onvec:tlve-scale forc:inJt: pred011tnacea for a­
area/duratloB cate~~:orlas and lar11er acale forcing at othera, then th11 
value &aligned ir:1 colulll\ 8 may vary by area/duration c&teJ~:OrJ'O i.e., the 
••• effectlve~~oeaa value may be different for each cate,~e~r-v of a Riven 
ltCII'IIo 

5. In colui'MI C an opportuaity 1s given to uaifln one c.ateJ~:ory a 1reater 
influence on P a in relation to the othera by auigninll: weil(btad 
l'lluea. For e.ach applicable c:ategoiy the value in colulln 0 11 the 
product of colu11n1 8 and C. P 1 h obtained by dividl~ the tot.al of 
col~~~~n D by tha totd of col1111.n c. 

6. Heteoroloticll data categories, for which there 1s not sufficient 
infor•tion fro:. • particular storm, are diaregarded ln P • c.alculatlons 
for that aton. 

1. When effecotll'eneaa change& with the aalected duration, the ruulting 
v.alue in eol1111n 8 ia weighted by duration; thia proceaa 1s to be 
di&Utlfluiahed fr011. the weighting ~~~entioned in (5) above. 

A9 1a • -aaure of the effectt·~enaaa of the arographic forcing effects. 
folloorlng guidelinel •r• uaed to .aid in el'.aluatinll: A0 : 

Tho 

1. Indicate ln colu•n A the v.alue (ln phyaieal unita) for the ftrat ftve 
par-tera. If any of tMae par-tara c:han~~te si~t:nificantlv durin~r the 
duration e.ategory aelacted, indicate in the <1•Jrat1on bo~: the percent t>f 
tlM each of the valuea per-.iata. To obtain the lan:aat vllua in 
colutln 8 (largeat effectlveRtlaa) obaerve tM joint occurrence of tightly 
p.aciLad taob&t'l (h1Rh vtncl apeed) perpendicular to ateep dopea for 
100 percent of the duration catefllory aelecud. Another way to look .at 
thta 11 to c011.blne the ftru three p;aralal!tera into a vertical 
dlapl.ace•nt para•ter, w0 , frar. the foTIIUll 11'0 - V"' S, where V 1s the 



ctm~ponent of the loltnd perpendicular to the &lopell for the duration being 
con&ideted in kt and S is the slo!)e of the terrain in ftl!at. The 
effectiven ... ss of ;;0 is then compared with an idealized value 
repres.,nttn~~: 100 percent effectiv.,neas. The lM!aaured st.,epness of the 
slopes ln the CD-103 r"'gion depends on the width across which the 
meuurement is m.o~de. For a siLall distance (l.,ss than S 111i.) a value of 
0.25 is about the largest to be found, l.'hile for a Iar111e distance 
(greater than 80 mi.) a value of 0.06 1s about the largest. A co11ponent 
of 11ust&ir.ed l.'ind nonaal to such slopea of 60 kt is aasumed to be about 
the lar~~:est attainable in this region. Therefore, a W0 of 15 kt for 
small areu and of 3.5 kt for large areas are tl1e values which would be 
considered l'lighlv effective. 

Non!! of the orognphic stoms studied occurred in places where th"' 
meaaurl!d 6teepness of the slopes caflle near to the values just 
mentioned. Cons~ul!ntly, the vertical displace<aE"nts observed for amall 
areaa were frol'l .02 kt up to near Z kt snd proportionally smaller for 
the larger areas for these sto:n~~s. Therefore, the effectiveness value 
u!led in the top boJC ln column ! was scaled to the value11 ob1erved in the 
stonns of record; I.e,, a W0 of close to 2 let was considered highly 
effective for small areas. 

The inflow level for the 6tono. ts anuraed to be the gradient wind 
level, and it is further .~aaumed that the 6utface isobaric pattern g1vea 
a true reflection of that wind; i.e., the direction of the inflow wind 
i& parallel to the surfsce isobars and its speed proportional to the 
spacing of the isobars ~~:s IDI!asured at the stor111 location. llhen 
rawinsonde (lbservations are avallable tn the 1ruaed1ate vicinity of the 
:ttotlll, they are used as the primarv source of tnfon:~ation for wind 
direction and speed. · 

\lhen th.,re is a sufficiently lar~;e number of wind observations, the 
avera~~:e values of direction and speed are uaed for the duration 
con•ldered. If the level of vind varhbllitv 1s hr.:e for the duration 
considered, the representativeness of the d&ta is scored low in column c 
of "'odule S. 

The fourth parameter, stahilttv, must he considered in cor~bination 
with the first three or W0 • Hi~thly stahl"' air can have a darJpeninll! 
effect on the height reached by initially stron.: vertical displace...ent 
{and consequently, the size to l.'hich cloud dropleta can p:row). 1n a 
highly unstable condition, vertical diaplacel'lt'nta of leas than 2 \l:t can, 
t hroup:h buoyancv, reach ji:"reat he 1Rh t, thereby producing r&i nf ail-s tEed 
droplets. The effectiveneu value for stabilltv h placed in the aecond 
box from the top in c:olumn IL Wei~~;hted values corresponding to tlle two 
top boxes of coluMn A are placed in the two top boxes of column C to 
reflect the co111bined effects of W0 and stabillty; i.e., in the case 
where tnuabiltty causes npderately wellk displacement& to grow, th"' 
stability "effectiveness·· would be lll!ighted strongly (given a 3) and the 
co111blned first three para.,etera wei~thted weakly (given a 1). 

Entries tn the other considerations box (far eJCa,..ple, the shape of 
tetnin features which m.o~y cause "fhtng~ of rainfall) need not be 
conllidered as dependent on the first four pararaeters. 

1. 

4. 

The value for A0 is then obtained in the sue manner •s described in 
p:uidel1ne 5 for P8 

When evidence indicates that the oro~traphic 1nflue1'!ce h neji:"atlve; i.e., 
taking &l.'ay from total ponible precipitation, the values in column B 
<H"' ~~~ade ne~~:ative and when the condittons are borderline between 
po~1t1ve and nep:atlve, thE-y are 111ade zero. Ne~~:ative oro)!!raphlc 
1!\fl>Jence, when occurring in a stonn where the at1110spheric forctn~~: 
approaches ita conceptually opt11111ll'l state, !'lay cause amae category 
values of PCTJ to exceed 1.0 resulting in FA.FP larger than the total 
atotll average depth for that category. The conventions of 1r0dule 3, 
however, do not pennit values of PCT3 to exceed l.O. 

The remarks section of module 5 should be used to docu111ent where the 
elevation gradients Cli.Z} wer"' ~~easured. For s111all areas, this would 
typically be at a point upwind of the largest report/hohyet. For 
largl!r areas, the average value from several locationll IIIII)' be used, or 
if one location 16 representative of the average value it alone 111av be 
used. Someti.ea the gradient is IDI"&aured both UJNind an<! downl.'ind of 
the stoTIII center {where inflow wtnd ts "sed) jf the vertical wind 
!ltn>cture is such tllar a stom updra.ft initiated downwind m&y be c 11 rried 
back over the •tol'lll location by the winds aloft to contribute additional 
&mounts to the "in place~ a111ounts. 

The overrtdinji:" i111portance of appl>,oing thls module onlv to major storms 
cannot be overstressed. The conaequence of "runnlnji:" throu~~:h~ a 
frequently obaerved tet of conditions is that, by definition, the valu"'s 
for ~ P_. and A0 will have to be quite Blllall. When both p&ra 111eters 
are amsll lleu than ahout .4) a sensitivity atudv (not included here) 
Bhowed th•t 11111111 differences in th"' valuell assigned to p and A. (the 
independent variables) would produce large differences inathe va~ue of 
the dependent variable {PCT3). However, it does not follow that the 
definition of Pa which pensits a lowl!r limit of !era is incartect. A 
stont~ can reasonably be postulated ln which the eJCtrellll! amounts were 
tnc.,able to exceptional OrOJI:r<~:phic forcing and, thus, ~ ternts would 
not he sm.all (PCTJ ln thi& case ls 5 percent). Not only are '"infinite" 
~alues tor PCT3 re11oved by the fLOWCHART cor~atraints, but a value of 
zero ln the deno1111nator of the ratio Pa/(Pa-+ A0 ) la a violation of the 
conc .. pt that if the orogr&phic forcing negated the ac1110apher1c forctn~~:, 
no matcer how large, little or no precipitation 6hould occur. 

The -110del"" envtaioned in a.:odule 3 (&s diatin!l;uilhed fr(Xn the "..adel"" 
of module 2 just discuned) follows from the concept that FA.FP is 
directly proportional to the dfectivenen of at111ospheric foretop; and 
inversely proportiona.l to the effectiveness of the orographic forcing 
mechanis111s. The rate at Olhich an imagtl"lary cylinder fills up (whoae 
cross-sectional area is th"' aaue as the area ca.tegory bein~ used) 1s 
directly proportional to the condensation rate producins:o: the 
prl!cipitation which falh into the cylinder. Ihe para .. ount !actor 
detenain!I"IJI: the condenaation rate Is the vl!rtical CO"'ponent of the loltnd 
resultin!l: fro111 both atr.ospheric: (Pa} and oroji:"raphic (A0 } forc1n,;!. 

The foilowin~~: questions a.re asked in this WJdule: 



Q.IZ. !a a review of the data and a.ssljtned values for the vsriable needed? 

Q.lb. Does there exist, or is there ••.dficient lnfor-tion available to 
construct, a -p of where •t least I in. of precipitation did or did 
not occur for this stoi'lll? 

Q.17. 1s 11.0 leu than ;eero? 

Q,IB. ls (are) the stotll centeds) incorrectly locsted on the terrain map? 

The re~a<~intng portiona of the JWdule 3 fl.OWCHII.lT, not diacuaaed above, are 
st.ple and atraigbtforvard. 

1.4,1.5 Hodule 4 h'ooe .. re Cfil:- 7.7). It is not conte~~~plated th,n a conoputer 
program will be coded from the MAIN or MODULE fl.OWOfARTS beu.uae t~ 
detar..tnstlon of the appropriate PCT's and I's h done easll'll' -nuall,.. There la 
no real requlre$ent for the variable PASS to be tn the .,duh 4 FLOWCHART. It 11 
included onlv to make it ob,.toua that the Urat part of the FLOIIOWT should be 
skipped when returnltl$l to 110dule 4 fr0111 • revtw of data tn J~Gciulea 1 and l, The 
purpose of thts 110dule ia st•ply to create two additional indices of FAn> on the 
asswapt1on that an avera11ed value IIIAV be a better estl .. te than one produced to 
1110dules I, 2, or ). 

1t. prelilotnaq• test of the SSH by sb analysts ea~h u&inp; aix differeat ator.a 
sh~d that 1t val quite rare that on.e analylt vould 1elect a hich (low) value 
fo:r a PCT when other aaalysts were selecti"'l: lov (high) valull!!s given that the 
interval range was the one shown in the right-hand reurita aectlon of the 
111odule io fLOWCHit.llT. Thus, a review ts required of relevartt 1nforut1oa wt.en an 
average percentase it to be created fr011 individual percentages differing by two 
intervals. 

PCTI w.u nat ave£aged with PCT2 because 110dulea I and 2 concehe of the 
idealized colu.n of precipitation repreaentiag the average depth for a given 
area-duration categary .in different waya; i.e., there is no •1ni1Wil level of F'Afl> 
considered in 1110dule I. 

The foll0'1110fl: queattons are ••ked in th1& 1110dule: 

Q.l2. Is a re'liew of the dat-1 aad aast~~:ned v&luel for the variable aeeded! 

Q.J9. Is Is leu than or equal to PX' 

Thoae ~oncepts of the raodule 4 FLOWCHART nat dls~::us&ed above are 
s tr&ight fo N&rd. 

7,4.1.6 Pbdule 5 Do~atatioa (fill(. 7.8}. It shO\Jld be noted •Rain that even 
thouRh the KAIN PLOWCKART sho1111 that 1110dule S is not used until -odule 2 and/or 
111odulo! 4 have been c0111pleted, this was doae only to keep the diap:r&llla!Rft of the 
Hlt.IN FLOWCHART and the MODULE FLOWCKARTS relatively unduttered by var1tlble1 not 
related to the taak at hand, Even thDU!I!h doCUIIM!ntattan can evalt <:OIIIpletion of 
module 2 and/or module 4, It Is pref<!rable to document the v&lue au111ned to a 
variable as soon as it Is dtttrmined. 
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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 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 pattems 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 a!., 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 of the FAFP. The estimates are in turn weighted, based on the analyst1s 
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 eta!., 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 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 infonnational 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 "unbiased11 in questions 5 and 6 (see 
Appendix 3). This was done to clarif'y 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 stonns in this study. 

Maximization of the index values was accomplished on the stonn 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: 

IMAXIOOO 
" 

IPMF(SC) 

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

center, adjusted to 1000mb andmoisturemaximizedas 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) = A factor used to adjust values (to sea level) of precipitation 
obtained at elevations above sea level, 

IPMF(NO) 

BE(SC) 
BE(NO) 

V.ADJ(NO) 

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

H.ADJ 

= In-place maximization factor at the location of RNOV AL \ 

= 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 of the 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. 

'See GLOSSARY, Table 6. 1, for definition of terms extracted from HMR 55A 
Chapter 7 (enclosed as Appendix 3). 
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I 

f,L ·~J· 
V .ADJ (NO) •IPMF (NO) 

PCI'l•PC+ BE(NO) DPISST(X) 
IPMP(NO) DPISST(O) 

lMAXIOOO /RCAT'" tl ADJ V.ADJ (NO) 
I 

V .ADJ(SC)•IPMF(SC) 

AI " PCT'l • PC + (:t (F + B)l2nX.9~- PC) "" 
2 LOFAC I'(F+B) 
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LOFAC 
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PX 

Pcn2- IMAXIOOO 
2 IRCAT"V-ADJ(SC)•IPMF(SC)-

UP.UM OBSVD. REP . GRADIENT LVL. INFLOW 
3. ddJfl ddff '' rr 

A • c I z I I z I 

ADJSTMT.FCJ'R NIA NIA I z I I z I 
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I z MIPP •ous ~ 
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011-IER I z 02.0SZ to 02..(l8Z (2) 1.20 

I z ' Mulltply obler"Yed speed by FACTOR to 
"o" act REI".SI"D 

SFC CHARTS PCT'l•I"C+I·P J(P a •A0 )J(l·PC)"' 
UIACHARTS I~OClO •RCAT•Pcn•v...OJ(SC)• RAWINSONDE 
RADAR ~000 IOQO 

SATELLITE I J .. r3 .... JPMF(SC) • 

OrnER 

PA• 

4 I(){)() ~OQ(} ~OQ(} 
!MAX./ • (I 1 • I J )12 = 

1MAX~000 • (IMAX~OQI? + IMAX~000)/2 " 

SELECll:iD I MAX rtW = 

Figure 6.1 •• Storm separation method worksheet; Module 5. 
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Table 6.1.-- Glossary of terms modified in storm separation method. 

A,: Term for effectiveness of orographic forcing used in Module 3, (see 
also P ). 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). 

I,, That part ofRCAT 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. 

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. 

YL: 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, PCTl did not have 
to be calculated from the variables RNOV ALand MXVATS. Consequently, the value 
of PCTl 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 PCTl is necessary in Module 4, it was derived 
from the relationship 

!MAX woo 
PCTl = PC + -c=-=c::---::-:--:-::==-==

1 ====:--:::= (RCAT * V.ADJ(SC)•ll'MF(SC))(0.95-PC)) 
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The ratio, IPMF(SC)"1
, listed in Module 3 in Figure 6.1, is relatively large when 

"observed11 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,~. was derived using 
a somewhat revised procedure, when compared to that in Appendix 3. The vertical 
displacement parameter, Wu, 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 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 of30-year retum 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. 

386 



REMARKS: 
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[fTPCT 1 = I MAX','"'7 <RCAT * V.AOJCSC) *I PMF(SC)) I 

I PCT 1 = PC+TPCT 1(.95 -PC) I 

( RETURN TO MAIN ) FLOWCHART 

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~ 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 + ::-~- (1.00 - PC). 

pa + Ao 

This was done because, by original definition, Pa and~ could never exceed a value of 
0.95. The formulation used previously had a bias toward lower estimates ofFAFP 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 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 ofF AFP, 0 
to 0.45 when the lapse rates are least conducive for producing orographic enhancement 
ofF AFP, 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 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 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 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~­
For more recent stonns, 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 stonn 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 ofF AFP 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 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 ofF AFP could be made easily among all30 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 ofFAFP. It was also the procedure used as 
part of stonn transposition used in creating the index map of F AFP (refer to 
Chapter 7). 

Since we were dealing with F AFP 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 ofF AFP (Appendix 2). 
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