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PAINFALL ENERGY CHARACTERISTICS FOR SOUTHEASTERN ARIZONA

Frederick C. .:.mn«_. Kenneth G. xm:%am. M. ASCE and Martin M, moao_u
M. ASCE

ABSTRACY: Drop-size distributions were determined for thunder-
storms in southeastern Arizona using a transducer whose output is a
function of impact energy. Continuous observations were taken for 24
thunderstorms during 1981 and 1982,

Median drop dianeter and kinetic energy distributions were char-
acterized at one-minute intervals for each event. The kinetic energy
was exponentially related to rainfall intensity by:

KE = 7960 exp .135(1)*175- 8030

where: KE = kinetic energy in foot-tons(f)/acre-in
I = intensity in inches/hour

The southeastern Arizona relationship yielded higher values than
published kinetic energy relationships for Mississippi, Louisiana and
Washington, D.C. Annual erosivity values (R) for 12 years of record at
two sites on the Walnut Gulch Experimental Watershed yielded values
about 15 percent higher than values calculated using the Universa) Soil
Loss Equation (USLE) kinetic energy algorithm.

INTRODUCTION

Raindrop size and velocity are primary factors in calculating
storm energies and subsequent soil losses. Several raifndrop size and
energy equations have been developed for specific areas of the United
states. A generalized, more widely applicable, version has become the
basis of the energy term (R) of the Universal Soil Loss Equation (USLE)
developed by the United States Department of Agriculture (17)

Suggestions have been made that the relationship among the USLE
factors may be different for various climatic regions. In reference to
tinetic energy-soil loss relationships, Kinnell {9) writes ". . . it is
spparent that for a given rain type the detachment power of rainfall
may also vary between locations.” Simanton et al. (16) comment, “if
the USLE is to be applied to the rangeland conditions of the semiarid
southwest, considerable research is needed into the hydrology-erosion-
biotic relationship of this climatic region.”

TResearch Associate, USDA-ARS, Southwest Rangeland Watershed Research
Center

Zpesearch Hydraulic Engineer, USDA-ARS, Southwest Rangeland and Water-
shed Research Center, 2000 E. Allen Rd., Tucson, AZ 85719

Iprofessor, Department of Watershed Management, University of Arizona,
Tucson, AZ 85721
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562 WATER: TODAY AND TOMORROW

: Several simplify.

- ing assunptions were

made to facilitate data

analyses. First, it

Orop Source was assumed that drops
are falling at their

respective terminal ve.

locities. This assump-

L A Tase tion s well justified

Recorder for drops in the 0.5 to

?m&:. P 5.0 millimeter range

(3). Variations in
- - S AT \\\\\\ terminal velocity re-
: : T sulting from localized
wind turbulance are ig-
nored.  Rowland (15)
concludes that contami-
Transducer nation of the drop size
:_wu.um.vg.: distribution is not
serious unless signifij-
cant updrafts are mea-
sured over the analysis perifod. Second, the :ow*~o=ﬂm~ 1m:a velocity
comporent was assumed to be minimal, The horizontal wind component
produces no effect if momentum transfer is sensed only in nzm <m1~,mw_
direction (3)., Moreover, instrumentation _,amamn.ozm result in sensing
only vertical momentum, Thus, subsequently discussed underestimates of
KE are probably further in error because the total energy component
(vertical and horizontal) are important from an erosion standpoint,

FIGURE 2. Static drop colibretion configuretion,

RESULTS AND DISCUSSION

Joss and Waldvoge! (7) describe the accuracy of the impact trans.
ducer as + five percent of the measured drop diameter. Kinnell (10)
analyzed the effects of drop size, shape and velocity on the Joss-
Waldvogel transducer. He concluded that variations in velocity ang
shape resulting from air movenents might produce unacceptable error in
measurement under some rainfall conditions. Joss and Waldvogel (8)
reply that the conditions under which the transducer was tested are
seldom found in natural rainfall, They state that “"the error . . |
introduces a small additional scatter but no bias when mm»mamﬂ_qo mean
diameter or rainfall intensity”, and that “additional mnon~m1 is neg-
ligible compared to the scatter due to limited sample size."”

Rainfall intensity and total precipitation depth calculations for
the transducer data were compared to values obtained from corresponding
recording raingage records to evaluate reproducibility. Intensity val.
ues calculated from the transducer output compared favorably with the
chart record, as shown in Figure 3 for Storm 9 (9/03/81). The largest
differences may be attributed to the discrete nature of chart evalua.
tion,

Based on preliminary analysis, various :oa_*ammw ‘owam were
tested for fit to kinetic energy data as a function of 1m_:*m__ inten-
sity. An exponential form provided the most acceptable data fit, with
the lowest error term and the best visual fit,
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Data for raindrop characterization consisted of 1258 one-minute
sanples. Kinetic energy values were calculated as the average kinetic
energy over the one-minute interval. An optimized best-fit nonlinear

least squares regression was computed for kinetic energy as a function
of rainfall intensity. The relattonship is:

KE = 7960 exp .1351-175. go3p -~ {3)

where: KE = Kinetic energy in foot-tons(f)/acre-in
I = Rainfall intensity in inches/hour

or converted to S[ metric units:
KE = 2,10 exp .07661+175- 2,12 (3)

where: KE = Kinetic energy in megajoules/hectare-mi11imeter
I = Intensity in mi})imeters/hour

The best-fit curve and the

vo — —r—r—r—v—— distribution of the residuals
b f —— eaivence ot | (¥-Y) about the best-fit valye
. v vt vawe | for kinetic energy are shown in
”u L 1 Figure 4. The upper portion of

the figure is a plot of the
best-fit regression (solid line)
and the standard error envelopes
(dotted lines about the best-fit
line). The outer envelope s
the two standard error envelope,
and the inner envelope is for
one standard error, In the low-
er portion of the plot, the res-
fduals (solid line) are plott-!
M - monyTes about the best-fit value {dotted
tine), and the root mean squared
error is presented.

INTENSITY - InyxR
=
o
5

6. 20. 0. 3. s¢ g3, 70.

FIGUFL ). ®atnfall intentlty correlstion.

The kinetic energy relationship for southeastern Arizona was com-
pared to the relationships observed in the soythcentral U.S. (1), Holly
Springs, MS (12), and Washington, DC (11). The relationships for the
southcentral U.S. and Mississippi were derived from samples collected
at intensities up to and exceeding 10 inches/ hour. Data for Washing-
ton, D.C. were extrapolated for intensities of 4 to 6 inches/hour by
Laws and Parsons (11) and later for fntensities of 6 to 10 inches/hoyr
by Wischmefer and Smith {17). Due to the lack of data at higher inten-
sities, extrapolations made for the Arizona data are questionable., A
plot of the kinetic energy relationships with the Arizona data, and
their respective equations are presented in Figure 5. Kinetic energy
values fncrease with fncreasing intensity, However, the calculated
values for the Arizona samples are higher than those observed for the
three eastern sites,

An analysis of 12 years of rainfall data for raingage 83 on the
Walnut Gulch Experimental Watershed Showed the occurrence of short-
duration maximun intensitfes well above the 3.5 inch/hour rate measured

AN Rt L
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1600. g Y J in this study,
Table 1 shows the
4 distributions of
2-, 5-, and 30.
min maximum  ip.
tensities for the
12 year record,
1 Two min  maximym
intensities rang.
4 ed to over 9 jp;
hr with 21 events
4 recording 2 min
maximum intensi.

The Lotted Lines Are e One 2nd ties mxnmmnmzo
Teo Stendard Crror Eavelepes 1 3.5 __3\:...

400,

1200,

1000,

830.0

400.0

KIRCTIC EAEAGY - FT TOR(F)/AC (N

A

Annual erg.
78 sivity values (R

tE o 7690 2 o131 % g were computed ‘ow

. —t 12 years of rec.

.w,g., 7wf‘ w\Ar ord (1970 - 198])
i

1 YA A at two locationg

on Walnut Gulch

Experimental ya.

N N 2 el — tershed using Eq,

00 50 10 1§ 20 28 30 A5 40 43 3.0 3 with a KE valye

SINTENSEITY - IN/MA set to ﬁrmﬂ ﬁo‘- m

FIGURE 4. Eiretic erergy ~elotfomihip versus Intensity relation. =3 in/hr when I>

thtp eith standard error envelopes of the Yesst sewsre 3 in/hr, Table 7

nie dine. compares the g

values calculated for the Arizona relationship (Eq. 3) with values coma

puted using the USLE energy term (Eq. 2). Rainfall energies were com-
puted to be about 15 percent higher when using the Arizona equation,

RESTOUALS

Table 1.--Frequency Distributions for Maximum Storm Intensities at Gage
83, Walnut Gulch Experimental Watershed for 1970-1931+
Storm Maximum Intensity (in/hr)
teitera Ol 12 2:3 34 45 5.6 67 7-8 89 9

criteria —_— = = 2=

2 minute
max fingm 590 61 24 13 9 3 2 1 0 1

5 minute
max imum 600 61 25 10 7 0 1 0 0 0

30 minute
max imum 678 22 3 0 l 0 0 0 0 0

* n=704

Computed values are lower than the expected annual R valyes of
about 70, from the isoerodent map published in Agricultural Handbogk

RAINFALL ENERGY CHARACTERISTICS s65

e YT T T T3 537 (I8). However, below
m Lo, . average rainfall (10.0 inch-
2. . k. es) during the 12-year period
.w_.su. imm e eemem——=—"""""7'1 may have biased the calcula-
C 0%, -etltesoecencaaco,%. | ted energy values. The 57-
€ . T year (1897-1957) average an-
5 8900 soureraston sz | TUA1 T2infall for Tombstone
2 e00.0 - o 4 is 14,1 inches.
e | S MASHINGTON, OC i
£ o -+ vty srrnas, ss. | CONCLUSIONS .
oo | WM S, The raindrop  impact
0 1.0 2.03.0 4.0 $.06.0 7.0 s.09.0 10. Lransducer proved to be a
INTENSITY o Injue relatively simple, efficient
Arigona: KE=1960 s1p 135115 5019 and rellable method of col-
e elu221 .1.sn lecting information on rain-
Nississtop! KE102S o 202 exp -1568 oep Q«.Oﬂ energy. The transducer
Scuthcentral B.S.: XE+002.2 ¢ SAL . 122,617 7.g1} provides a continuous record
washington, OC: KE916 & 131 Lomy ot of each rainfall event, which

can be fincorporated into an

where XE o Kinetic enerqgy 1a fool tons{fti/acre fneh automat i¢ m&&i ;o mkmﬂﬂs.

T » Rainfall intensfty fn 'nches/vour

FIGRE S. Comparison of tinretic enerqy ralgticaships

developed in different climatic/qeqraphic regiong, x.:mﬁ_n m:mﬂmk QWﬁm for

southeastern Arizona shewed
distributional trends similar to those documented for Loutsiana, Missis-
sippi and Washington, D.C. A best-fit relationship for kinetic energy
E.mn_v:m:o: intensity was found to bhe higher in Arizona than that
developed for southern and eastern sites. Rainfall erosivity valves (R)
calculated with the southeastern Arizona relationship (Equation 3)
yielded values about 15 percent greater than the USLE energy term (Equa-
tion 2). However, the lack of data at higher intensities limits the
applicability of the Arizona relationship for predictive purposes,

Table 2.--Annual Erosivity Values for Tombstone, Arizona (1970-1981)

RAINGAUGE #82 RAINGAUGE #83

LR et L XY R R,

Rainfall Eq.3 £q.2 Rainfall €q.3 Eq.2

(in) (in)
Mean 10.0 60.4 50.5 9.1 64.0 53.1
standard 3.0 40.3 33.9 2.2 553 44.8

peviation

Additional rainfall energy data must be collected, especially for
storms of higher intensity, if the kinetic energy relationship is to be
used as a4 predictive tool, Due to the spatial and temporal variability
of thunderstorm occurrence and intensity in southeastern Arizona, the
probability of sampling extreme events is relatively low for short per-
jods of record.

Finally, the apparent difference in the kinetic energy-intensity
relationships in different areas indicates that a single algorithm for
all conditions in the continental United States fs suspect,
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Detoere= Prajrer Scriat-fcomomic Monitoring Study

Mol Golighe 1y
Thayne Coylterss

ABSTRACT: -The  purpose of 1he Dnlores Monftoring study is to
describe and avalvze the svefal, economic, and demographic changrg
in Montezuma County, Colerado, diring the construction phase nf rhe
Burcau of Recluami jon Drlores Praojrce, The {nformat fon was rollectod
from a variety of sources ustine srveral methods. le was felr that by
using several caurces and methods of analysis a high drgeee of
confidence could br placed in the reltability of the conclusion,

The general rraules of thie study are that the works had very lirtle
impact on the infrastructure of Mintezuma County. The Delores warkers
were well areoptod frenrrally by the general populatfon of Moot ezumg
County. Part of 1he revrson for this grnerally good accrprance was
that the work faree wag older, macefed with family, and trom the
same general area as locasl resjidents,
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Dolores Project Spcfal-Ecomomic Monitoring Study

Hal Golightly*
Thayne Coulter**

ABSTRACT: The purpose of the Dolores Monitoring study is to
describe and analyze the sccial, economic, and demographic changes
in Montezuma Counry, Colorado, during the construction phase of rhe
Bureau of Reclamation Dolores Project. ‘The information was collrcted
from a varicty of sources using several methods. It was felt that by
using several sources and methods of analysis a high degree of
confidence could be placed in the reliability of the conclusion.

The general resules of this study are that the works had very licele
fmpact on the infrastructure of Montezuma County. The Dolores workers
were well accepted generally by the general population of Mentezuma
County. Part of the reason for this generally good acceptance was
that the work force wis older, married with family, and from the
same general area as local residents.
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