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J2.14 PALEOHYDROLOGIC ESTIMATES OF CONVECTIVE RAlNFAllIN THE ROCKY MOUNTAINS 

Robert O. Jarrett • 
U.S. Geological Survey, Lakewood, Colorado 

1. INTROOUCllON 

Increased emphasis on extreme rainstorm and flood 
documentation will maximize benefits from emerging 
t~s, will help Improve hydrologic modeling. and 
II¥Ipt8e ftaSh-fiood forGcasting. ConvectMt ralnfan 14 
charaCteristically locaDzed and can have large 
~ in both rain roUes and rainfall amounts over 
very $Prt distances, often a few kilometers or less. In 
rend8'areas, systematic precipitation netwofb may be 
sparaor nonexistent. Umited resources often 
preclude extensive, instrumented data Collection 
efforts. and there also Is a Iikefihood rainstorms and 
ftoads will not occur In instrumented basins. 

TWO paleohydrologic (geomorphic and hydrologic) 
techniquea to estimate ralnfall amounts of convective 
rainsloIms are being developed and evaluated for 
mountainous areas. Paleohydrology includes the study 
of tild-transported sediments and botanic information 
frompPt ftoods preserved In river basins (Jarrett, 
199f:':.Jarrett and Tomlinson, 2000). PaJeohydroIogy. 
whIcJ;J·can be viewed as forensic hydrology, uses thfs 
physical evidence to make inferences of 
hydmmeteorotogic Information. Elements of this 
presentation include discussions of the: (1, approach, 
resuIIs. and benefits for recent. historic. and prehistoric 
rainttorrn reconstructions in the Rocky MountaIn region; 
(2i IIQItatlons and uncertainties of rainfafi estimates, 
and;'(3) transfer to other hydroctimatic regions. 

1ft .. paper, the approactt is discussed for the 
community of Buffalo Creek. located about 50 km 
SOtdIwest of Denver, Cotorado (&g. 18). On May 18, 
1~ an Intense wildfire (Buffalo Creek fire) burned 
af-JoUt 50 km2 of forest, produced hydrophobic (water­
~ solis, and making the are more susceptfble to 
fIocIjIng. SUbsequently, two people were killed and 
sev8raI mfnlon dollars In public and private property 
damage were caused by a ftood on the evening of July 
12. 1996 (Colorado Water Conservation Board. 1997). 
MaxImum water depths as much as 4 m occurred within 
about 30 to 45 minutes of the storm's onset in Buffalo 
Creek, Spring Creek, and the North Fork South Platte 
and60uCh Platte RIvers. The paleohydrofogic rainfall 
estimate for the July 12th storm was at least 110 mm In 
abOUt an about an hour, and the storm footprint (within 
ttle:t5 mm fsohyet) was about 120 km2. . 

'Mar comparison. Hertz (1998) estimated a maximum 
rairfa1I of about 130 mm, and Fulton (1999) estimated a 
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maximum of 72 mm; hoWeVer, their storm footprints were 
located allghUy different and were much larger. The 
paleohydrologic results were obtained by July 16, 1996 
(two days of field and offa work) and subsequently 
were used for emetgency 1Jood response. The 
paleohydrologic methodology Is a flexible. "storm­
chasing" approach that pr0vid8s independent, cost­
effective rainfall estimale$. and can be used to 
complement conventional instrumented monftoOng. 

2. STUDY AREA 

The c:ommunity of Buffalo Creek is located In the . 
footbiIIs. of the Colorado Rocky Mountains (fig. 1 a). The 
community. at an elevation 01 about 2.012 m. consists 
of several hundred home$ within a montane forest 
(predominanUy ponderosa pine. lodgepole pine. Douglas 
fir. and aspen). Accumulation of organic IIlter (duff) In 
fores1ed areas primaty pine needles has an average 
depth of about 75 mm. Topography is rugged (slopes 
range from 5 to 60 percent) and soils are shallow (- 1 m 
to bedrock with numerous outcrops). moderately well 
drained, and composed of coarse sandy gravel (SphInx­
Legault-Rock granite comQ\ex). The climate is S8fT1IaIjtJ 
and mean annual precipitation is about 400 mm. 1l1e 
100-yr, 1-hr rainfall is about 55 mm for the BtJIfalo Creek 
area (Miller, at aI., 1973). Most streams in the study area 
are ephemeral. These streams flow Into Buffalo Cleek 
and 1M North Fork South Platte and South Platte 
Rivers. which primarily are fed by melting snowpack and 
trans-basIn flow diversions. Stream gradienIs typical 
rangt from about O.oos to 0.06 mlm. Rood flows in !he 
Colorado Joothill$ can result from generalized 
raInetorma. spring snowmelt. but prlmatiJy result from 
lntenae.1ocafized ttwnderstorms (Jarratt, 1990). 

3. METHODS 

In the first or geomorphic method. rainfall amounts 
can be Inferred from the amount of hlJlsIope erosion, 
maximum size of sediments transported. and deposillDn 
characteristics preferably on sparsely vegetated 
hiIIsIopes. The hillslopes used should have as similar 
charaderistics as possible. The dimel1$ions of fresh 
rib, gullies, and headcuts as wall as maximum size of 
sediments transported and their deposition 
characteristlcs are obtained and located on topographic 
maps. Local residents can often provide vaJuabIe 
information about the rainstorm including rainfal "bucIcet 
data: storm duration, and haft (which also can be 
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Interred from damage to vegetation). Bucket data and 
nearby systematic gaged data are used to correlate 
rainfall data with geommphic evidence accounting for 
varlablHty such as soil type and cohesiveness, 
vegetation cover, and tUllstope gradient and length. 
Then. variations In the geomorphic evidence In the 
storm area are used to estimaIe a ralnfal amount where 
georFIOIphic data are available. FInally. an isohyetaJ 
map Is drawn considering avaIJabte data. SOmetimes, 
storm path can be Inferred for recent storms. 

In the sacand or hydroJogIemethod. Indlrect 
estimates of peak discharge can be Obtained lor many 
sman basins in the 8188 affed-' by the storm. The 
emphasis Is obtalnklg peak-discharge data for small 
basins «1-3 km2) where spatia) and tempOral rainfall 
variability Is assumed to be small, thus, providing more 
renable paleohydrologic rainfall estimates. High-water 
marks (HWMs) of recent floods or paJeostage Indicators 
(essentially old HWMs) for paIeoftoods, channel 
geometry. and hydraulic data for a $tream are used to 
estimate peak dIsc:baIge such as with the c:ritJeal.depth 
method (Jarrett. 1991; JaJ'rettand TomBnson. 2000). 

RalnfaJkunoff( (RF-RO)· modeling wllh physical basin 
attrlbu1es also can be used to derive independent 
estimates of rainfall tor each small basin. RF~RO 
modermg Is used to back-calculate rainfall Jntanaily and 
amounts from the peak discharge and a description of 
basins. LimIted space precludeS including RF.-RO model 
resuIIs. Hydrologic rainfall estimates are used to: (1) 
help draw the isohyetal map with av8iIable. g80morphic 
rainfall estImate$; (2) develop isohyetal mapa for 
historic and prehistoric.rainstOrrn$; (3) compare results 
with other independent sources of rainfall data or,'(4) 
provide rainfall estimates if no other source exists. 

4. RESULTS 

No systemalic precipitation or streamflow moniforing 
existed in the Buffalo Creek burned area in 1996. On 
July 15-16. 1996 (before acIcIJtIon8I rainstorms), data 
collection conabled of obtaining rainfall bucket data, 
peak flow, and paleohydrologic data for !he area. 
EJeven rainfal bucket obset'vations were available from 
residents who had various types of plastic rain gages. 
Maximum rainfal for the July 12. 1996 storm was about 
eo mm In the community Of Buffalo Creek and 

j headwaters of Spring Creek (fig. 18); residents stated 
~ most of the tain fell about 2000 to 2100 MOT. 

The amount and Ioc:ation of fresh nil and gully erosion 
on hiIIsIopes generally less than 5-10 m In length was 
compared to nearby rainfal amounts for the July 12th 
storm. Hilslopes (burned or unburned with sparse 
vegetaIon) with Iesa than about 2S mm reIn (bucket 
data) had some sedment movement and minimal fiR 
devefopment. HiIIsIopea that recaivedabout 50 mm of 
rain typically had rills about 75 mm deep and 50 rnm 
wide. HIIsIopes that received about 75 mm of rain 
typlcaDy had extensive rilling and numerous guinea up to 
0.5 m deep and a meter w~. HIJlsIope erosion in areas 

without any bucket data then was used to estimate 
rainfaU in areas from these general relations. Numerous 
gullfes up to a meter deep and 3 m wide, vary extensive 
rilting. and large headcuts were documented in an area 
about 2.5 km southeast of Buffalo Creek near the 
headwaters of Sand Draw, Spring Creek, ShIngIemIIJ 
Creek, and Spring Gulch. This area of maximum erosion 
was used to Infer the location and area of maximum 
storm rainfall amount of at \east 110 mm (fig. 1 a). 

large quantities of sediments were mobilized on 
hillslopas and In channels In the burned area during the 
July 12th alarm. A distinct black. bum boundary (line) 
on rocks defined pr~flood ground surfaces and was 
used as a reference to estimate the general surface 
erosion from sheetwash (ovedand fIow). care was 
taken to estimate general erosfon rather than the local 
erosion around a rock. In addition. pillars of soil were 
preserved under some surface rocks and metal objects 
on the burned areas. The area of maximum sheetwash 
also was Dmited to the headwaters of ShingJemiR Creek, 
Spring Gulch, Sand Draw, and Spring Creek. 

Sedments moved on hillstopes ranged from silt to 
c:obbfe..slzed material, and 2.5-m diameter boulders 
were transported In some channels. A large amount of 
the flood.-transported sediment was deposited as 
anuvial fans. Many new fans had dimensions of about 
100m x 30 m x 1.5-2 m such as in Sand Draw, Spring 
Creek, ShingiemilJ Creek, and Spring Gulch. Well 
preserved, fresh tributary fans on the Buffalo Creek 
floodplain were used to Infer relative flood timing, and 
thal1he.storm moved easterly (downstream), which 
likely exacerbated flooding. 

In unburned vegetated areas, rainfaJI also was 
Inferred by the amount of duff that floated and was 
reposiIIoned by sheetwash. Rainfall less than about 50 
mm (depending on duft thickness and composition) 
partially floated and reoriented needles, twigs, and other 
elongated debris perpendicular to the ftow direction and 
spaced about 2 to 4 em dIstanc:e apart. These micro­
scale features appear to have functioned as small dams 
pondng ranfan and hindering rainfall runoff. Ralnfal 
greater than about 50 to 75 mm produced a cascading 
failure of these small debris dams. Small channeIa were . 
preserved within the duff (similar to channeJ lncfsIon), 
which enabled peak discharge estimation. These 
fealUres are similar to log jams in riveis such as the 
1982 lawn lake dam failure in Rocky Mountain NatIonal 
Park. located about 100 Ian northwest of Denver, 
Coforado (Jarrett and Costa, 1986). 

Peak..flow estimates for twenty streams, ranging In 
size from about 0.1 km2lo the totai burned area of about 
50 kfn1. also were used to help Identify areas of 
maximum rainfall These basins have varied 
characteristics such as vegetation cover, bum Intensity 
(incfudIng no bum), watershed aspect and slope, and 
sediment sizes. A number of sevetely-bumed small 
basins in areas of maximum rainfall had unit discharges 
(peak discharge divided by drainage area) from about 45 
to 60 m3/s1km2. [For comparison, the maximum unH 
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discharge was about 40 m3/s1km2 for the largest known estimates were found to be difficult to obtain when the 
floods for unburned basins in Colorado (Jarrett. 1990; time between storms is small. This is due in part to time 
Jarrett and Tomlinson. 2000).) The peak discharge for hillslope recovery and difficulty discerning HWMs for 
estimate was 450 rrtJIs (+1-20%) for Buffalo Cleek about ..... different storms when a large tIood precedes smaUer 
0.8 km upstream rrom Its confluence with the North Fori< floods. Uncertainties in rainfall amounts.also can aUeet 
South Platte River (fig. la). The total drainage araa·at paIeohydroJogic results. Geomorphic rainfall estimates 
this site is 133 km2 (tat. 39"23'27-,Ioog. 105°16'151. had greater uncertainties for ralnfalliess than about 25-
The contributing area at this site for flood runoff SOmn'l In an hour. Combining geomorphic and 
(essentially all from the burned area) wu about 19 km2 hydrologic.methods and obtaining field data soon after a 
(unit dbchatye ... 24 m3Ja1km2). Unburned basinawfth 50 . stOrm. for various hydroclimatic settings (incfudlng 
to 75 mm of rainfall had unit discharges less 1han 0.1 stages of post..fire watershed recovery), and validating 
m3/s1km2• This Is consistent with Iong-time residenls' l'8SUb for numerous storms should help Improve the 
observation that no significant flooding had occurred In paleohydrologic estimates. Using all souroes of 
the Buffalo Creek area in about 70 years. information (systematic and bucket data, 

The paleohydrologic evidence then were ~ to help paleohydrologic. radar, and satellite) should provide the 
define the spatial characteristics of the rainstorm and to most reltable estimates of rainfall characteristics. 
draw an isohyetal map {fig. 1a}. Rainfall amounIs 
decteased rapidly outside the burned area and the 
storin footprint within the 25 mm isohyet was about 110 
f<m2 (fig. 1 a). In conjunction with the National Wemher 
Service and Colorado Water Conservation Board. study 
results were used on July 18, 1996. to help determine 
threshoJd..rainfall amounts that could procfuce 
hazardous ftooding. 

. 5. DISCUSSION 

The South Platte River at South Platte (SIreamlIow­
gaging station 06707500) is located just .downstream 
from the conftuence of the North and South Fones of the 
South Platte River (fig. 1 a). The flood of record was 179 
rrt3Is since the gage was installed In 1904. The peak 
discharge was about 325 rrills (+/-25%) on July 12. 
1996. was produced by'runoff from the total bumed area 
of about 50 km2. This gage has totaI·drainage area of 
6,680 W, thus, although less than one percent of the 
basin burned. the effects of the fire bad a.mQior Impact 
en flood hydrology. 

Henz (1998, this proceedings) analyzed Doppler radar 
signatul'8S and upper-air observations for the July 12" 
storm, but without prior knowledge of bucket data or 
these paleohydrologic estimates (fig. 1 a). Henz 
estimated maximum rainfall of about 130 mm in about an 
hour from the ceU located near the head of Spring Creek 
with similar core isohyetal patterns. a storm footprint 
(for less than about 50 mrn) nearty twice as 1aIge. and 
oriented slightly different (fig. 1b). Fulton (1999) 
evaluated the performance of the Wealher SurveUlance 
Aadar-1988 Doppler rainfall estimate for the July 12. 
1996 storm. He estimated a maximum of 72 mm of rain 
for 2000-2100 MDT and located about 2 Ian sOUth of 
Buffalo Creek (not shown) and similar size as Henz's. 

These comparison suggests that paleohydtoIogic 
techniques provide reasonable esIImates otraJnlall 
amount and spatial coverage. Thel'8 is some potantlaI 
for misinterpretation with the paleohydrologic approach 
due to vatia1ions in rainfall intensity during a storm and 
how they produce variations In the character of 
geomorphic evidence and rioodIng. Paleohydrologic 
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ron1. Map of 1M Bulfalo CI9IIk sIUdy area showing the extent of May 18, 1996 wiIdIb ~ 
Ine). Inset map at Ioww right ahow$ the general location of the study area near Denvw and Colorado 
SprIngs. CoIorac:b. Twenty-Iou" hotr ralnfal8l'l'l(QltS In rnIIIrnetaI'a from the buckst turvey shown as "x. • 
Isohyets. In mllmeters. for 1be July 12, 1996 f1Ii1storm: a.) from ~1ogIc rainfall estlmatea; and b.) 
from Henrs NEXRAO radar rUtfaI raconatruction. 
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