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PEAK DISCHARGE RELATED TO HYDROLOGIC 
CHARACTERISTICS IN NEW ENGLAND 

BY MANUEL A. BENSON* 

(Presented at a meeting of the Hydrau1ics Section, B.S.C.E., held on November 2, 1960.) 

INTRODUCTION 

THE investigation described here was made as part of a continuing 
study to determine the causes of variation in flood peaks from place to 
place and to improve methods of defining flood-frequency relations on 
a generalized basis. The chances of success were considered better if 
the study were started in some large region within which the climatic 
variations and variations in runoff were not extreme. This pointed to a 
humid region. Other requirements were that the region have fairly long 
flood records and be fully mapped. New England seemed to meet the 
requirements better than any other area. 

PREVIOUS FLOOD STUDIES IN NEW ENGLAND 

New England is a densely populated, highly industrialized area. 
Many industries use water for power and for other purposes in the 
manufacturing process. Because industries and residences are located 
close to streams and, in fact, encroach at many places on the flood 
plains, major floods exact a large toll in lives and property damage. 
For this reason people in New England have shown an intense interest 
in the field of flood analysis. Many engineers in New England pioneered 
in the development of hydrograph analysis and flood formulas. 

The Boston Society of Civil Engineers, through its Committee on 
Floods, published two famous reports in its Journal-those of Septem
ber 1930 and January 1942. In the 1930 report, recommendations 
were made for computing design floods at individual sites based on 
previous flood experience at each site. The conclusion was reached 
that ". . . the flood situation at any point on any stream presents a 
problem of its own. No general formula can be of universal application. 
It is only by special study of all the data, and the conditions for the 
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point under consideration, and comparison with floods on similar 
streams that the best results can be obtained." 

The 1942 report elaborated on the methods of using unit hydro
graphs to improve the prediction of floods. The committee also in
vestigated the frequency curves obtained by applying various theoret
ical probability distributions to the data. It concluded that results 
varied widely between the various methods and that none of them 
were a reliable basis for prediction beyond the period of record. 

Kinnison and Colby ( 1945) made a study of the relation of flood 
peaks to drainage basin characteristics in Massachusetts. The results 
were reported on in the 1946 Journal of the Boston Society of Civil 
Engineers. In many respects the general methods used were similar to 
those of the present study. Separate formulas were derived for minor, 
major, and rare flood peaks. A comparison of the methods and results 
of their study and the present study is presented later in this report. 

The New England-New York Interagency Committee (1955) 
tabulated flood-frequency data for 196 stream-gaging stations in New 
England. For each station, the mean and the standard deviation of the 
logarithms of annual flood peaks were computed. The skew coefficients 
were computed for 20 of the principal long-record stations. The results 
were not generalized so as directly to furnish flood-frequency informa
tion for ungaged sites. The recommendation was, "Where necessary, 
flood-frequency curves for ungaged areas may be derived by interpola
tion of data, or selection of a nearby station for correlation." 

Bigwood and Thomas ( 19 5 5) and Bigwood ( 19 5 7) developed a 
floodflow formula for Connecticut. The index-flood method presently 
used by the U.S. Geological Survey was used to develop flood-frequency 
relations of general application within Connecticut. A comparison of 
the methods and results of their study and the present study is pre
sented later in this report. 

METHODS OF ANALYZING FLOODS 

Technical literature on the subject of flood frequency has been 
concerned mainly with the distribution of floods at a single site. This 
has been a controversial subject, although it is not the most important 
part of the general problem of determining flood-frequency relations. 
Defining the frequency curves at individual sites, by whatever means, 
is only the first part of the job; generalization has not been accom
plished until the flood peak data are related to hydrologic factors. 
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It is necessary to start, however, by defining the flood-frequency 
distribution or curve at each individual site where flood data are avail
able. There are many theories and many ways of doing this. The 
methods may be divided primarily into mathematical and graphical. 
In the investigation described here, it was decided to use graphical 
methods of producing frequency curves at individual stations. The 
chief reason for this was that basic hydrologic relationships as yet un
known were being investigated; it was desirable that the results not be 
affected by any possible bias introduced by assuming a theoretical dis
tribution. It is not yet possible to demonstrate a priori that floods must 
conform to some one type of distribution. It is also difficult to justify 
any distribution on empirical grounds, because although it is easy to 
show a fit between theory and data in the region of the mean, it is hard 
to do so at the extremes, and this is the region of interest for floods. 
Graphical methods may vary slightly with the man doing the work, 
but the results of careful work do not have a built-in bias. 

One method currently in use for regionalizing flood frequency is 
to use an index flood, usually the mean annual peak discharge. All other 
floods at a station are then expressed as a ratio to the mean annual 
flood. The dimensionless ratios are then combined for all stations 
within a homogeneous area, to obtain a generalized basic flood-fre
quency relation in terms of ratio to the mean annual flood. This method 
places some restriction on the results because it does not allow for the 
possibility that the ratio of a given flood, say the 10-year flood, to the 
mean may not be constant at all stations, but may vary with physical 
or climatic conditions prevailing over each basin. In order to avoid 
any restrictions on the relations that might be developed, it was con
sidered best to make independent analyses at many different flood 
levels. 

SUMMARY OF PROCEDURES 

The available stream-gaging records in New England were ex
amined and those that were too short, too close to another station, or 
affected excessively by regulation were eliminated. There still re
mained 164 stations to use in the analysis. One of the first parts of 
the study was an investigation of historical flood data in New England, 
which extended the knowledge of flood events back between 200 and 
300 years. 

Maximum annual momentary peak discharges were listed for 
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each station, and were then arranged in order of magnitude. Probabil
ities for each peak were computed as m/ ( n + 1), where m is the rank 
starting with one as the highest and n is the number of years of record. 
Where the historical study indicated long effective recurrence intervals 
for some of the recent major floods, the longer periods of time, rather 
than the recent periods of record, were used to compute their probabil
ities. 

The peaks at each station were plotted on log-probability graph 
paper, and graphical frequency curves were drawn. Each curve was 
drawn only as high as defined by the data at the station. From the 164 
station frequency curves, peak discharges were determined, within the 
range of each curve, at the probabilities corresponding to recurrence 
intervals of 1.2, 2.33, 5, 10, 25, 50, 100, 200, and 300 years. Table I 
shows the amount of data at each of the 9 levels. 

TABLE I-NUMBER OF STATIONS DEFINING T-YEAR FLOODS 

Recurrence Number 
Interval, T, of 

in years Stations 

1.2 164 
2.33 164 
5 164 

10 164 
25 154 
50 116 

100 100 
200 68 
300 22 

At each of these levels, the peak discharges, as dependent var
iables, were correlated by multiple-correlation techniques with many 
hydrologic variables. These variables were chosen first by considering 
what factors might be expected to have an important effect on peak 
discharge, then by finding means of expressing them either directly 
or indirectly by some suitable index. Table II shows the variables 
investigated. 

Some of the variables listed in Table II have been described and 
evaluated for many New England drainage basins by Langbein (1947). 
Other variables, such as indices for the main-channel slope, curvature 
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TABLE II-INDEPENDENT VARIABLES ANALYZED 

1. Drainage-area size 

2. Slope 

Main-channel: 

Tributary channel 
Average land slope 
Profile curvature 

3. Storage area 

Langbein factor 
Bigwood-Thomas factor 
Potter factor 
Logarithmic 
85-10% point elevations 

Lakes, ponds, and swamps 
Lakes and ponds 

4. Stream density 

5. Altitude 
Mean 
Mean above gage 
Altitude distribution index 

6. Shape and drainage pattern 
L, 1/W, L/W, ~al, (~al)/A, L·Log A, 
Shape classification ( 1 to 6) 

7. Index of available moisture 
Mean annual precipitation 
Mean annual runoff 
Mean March to May precipitation 
Mean annual runoff/precipitation ratio 
Mean March to May runoff/precipitation ratio 
Maximum 24-hour precipitation 
Rainfall intensity-frequency 

8. Temperature 
Mean January temperature 
Mean January degrees below freezing 

9. Orographic factor 

of the main-channel profile, and the altitude distribution, were devised 
in the course of this study. 

In the first part of the investigation, graphical multiple-correla
tion techniques were used. Study showed that linear relationships ex
isted between peak discharges and all hydrologic factors when the 
logarithms of all the data were used. Various indices of each of the 
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factors expected to influence flood peaks were tested for their efficiency 
in accounting for the variations in peaks. Drainage-area size, con
sidered and later demonstrated to be of prime importance, was intro
duced first. Some measure of the main-channel slope was found to be 
next in importance to drainage area. Several methods for expressing 
main-channel slope were tested and finally a simple yet efficient index 
(Benson, 1959) was devised. This is the slope (in feet per mile) be
tween two points along the main channel, one of which is 85 percent, 
the other 10 percent, of the total main-channel length above the gaging 
point. 

Following main-channel slope, S, the percentage of surface area 
in lakes and ponds, (increased by 0.5 percent for linearization), St, 
was found to be a significant variable. 

A fourth independent variable found significant was I, the rain
fall intensity-frequency magnitude (in inches) for a 24-hour duration 
and a recurrence interval equal to that of the peak discharg~'. These 
data were obtained by use of U.S. Weather Bureau Technical Paper 
No. 29, Rainfall intensity-frequency regime, Part 4-Northeastern 
United States, 1959. 

Graphical multiple correlation becomes insensitive after 3 or 4 
variables. At this point multiple-correlation equations were computed 
mathematically at all 9 of the flood levels, and values of the flood peaks 
were computed, by means of the equations, for all stations. The ratios 
of the actual to the computed peaks were averaged at each station, and 
those ratios, representing error or departures, were then plotted on a 
map of New England (Fig. 1). 

The multiple correlation developed to this point would not be 
considered satisfactory unless, as a minimum requirement, the errors 
were found to be randomly distributed. In Figure 1 the contours have 
been drawn to average the departures. They demonstrate a definite 
geographic pattern. Note that the ratios are high in the north (above 
1) and change gradually to low values (below 1) in the south. An area 
along the Connecticut River shows a break in the regular pattern. The 
general north-to-south variation is consistent with the expected effect 
of one factor not yet included in the correlation-the effect of snow
melt and frozen ground in augmenting peak flows. The general pattern 
of departures is almost duplicated in the map of mean January tem
perature shown in Figure 2. 
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FIGURE 1.-MAP OF NEW ENGLAND, SHOWING RESIDUAL ERROR OF DISCHARGES COM

PUTED BY USING A, S, St, AND!; CONTOURED VALUES REPRESENT THE RATIO 

OF ACTUAL TO COMPUTED DISCHARGES. 
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FIGURE 2.-MAP OF NEW ENGLAND, SHOWING JANUARY TEMPERATURE IN DEGidrns 

FAHRENHEIT. 
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Most annual flood peaks in New England occur in the three-month 
period from March through May. The ratio of total runoff over total 
precipitation in the March-to-May period is shown by contours in 
Figure 3. The north-to~south variation is depicted here also. North of 
the line labelled 1.0, the runoff is higher than the precipitation during 
these three months, because of the melting of snow previously accu
mulated. 

Data on the normal water content of accumulated snow at the 
time of the spring breakup are lacking, but either January temperature 
or the 3-month runoff-precipitation ratio may be used as an index of 
snowmelt. Average January temperature was chosen, and was con
verted to average degrees below freezing, t (with a minimum value of 
1.0). After adding this variable to our regression equations, flood peaks 
were recomputed and another set of residual errors obtained that were 
again mapped as shown in Figure 4. 

Maine is omitted from this map, and the remainder expanded. The 
introduction of temperature eliminates the north-to-south variation 
and gives a random scatter of errors everywhere except along the 
Connecticut River. Examination of the pattern now defined by the 
residual errors shows a definite relation to orography. Storm winds 
come mainly from the east or southeast. The area of depression con
tours in the north is a basin flanked on the east by the White Mountain 
chain, the highest in New England. West of the northern part of the 
White Mountains, there is a definite rain shadow, perhaps better termed 
a "peak-discharge shadow." South of about the 43 ° 45' latitude, the 
White Mountains become low; the Green Mountains, which form the 
western ridge of the Connecticut Valley, are the highest in the east
west direction and become the controlling feature. The residual errors 
of the individual gaging stations show an increase up the slopes on the 
east side of the Green Mountains. The upper slopes of the Green Moun
tains intercept heavier precipitation, which is reflected in the peak 
discharges from the. streams that head in the upper slopes, namely the 
White, Ottauquechee, Black, and West Rivers. As we progress south
ward to western Massachusetts and to Connecticut, which receive the 
highest storm rains in New England (see Fig. 5), the mountains have 
become hills. The first rise in elevation met by the winds from the east 
causes an increase in peak discharges; proceeding west into the Con
necticut valley, there is a decrease, then a rise on the other side. Figure 
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FIGURE 3.-MAP OF NEW ENGLAND, SHOWING THE RATIO OF RUN-OFF TO PRECIPITATION 

FOR THE 3 MONTH PERIOD, MARCH THROUGH MAY. 
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FIGURE 4.-MAP OF NEW ENGLAND, EXCEPT MAINE, SHOWING RESIDUAL ERROR OF DIS

CHARGES COMPUTED BY USING A, S, St,!, AND t; CONTOURED VALUES REPRESENT 

THE RATIO OF ACTUAL TO COMPUTED DISCHARGE. 
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FIGURE 5.-MAP OF SOUTHERN NEW ENGLAND, SHOWING COMBINED PRECIPITATION IN 

INCHES IN 6 MAJOR STORMS-NOVEMBER 1927, MARCH 1936, JULY 1938, SEPTEMBER 

1938, DECEMBER 1948, AND AUGUST 1955, 

6 shows what happens along the 42 ° 15' line; the top line is the ground 
elevation and the lower line is the pattern of residuals. 

The pattern portrayed in Figure 4 represents variations in peaks 
that are unaccounted for by the precipitation and temperature var
iables already used. Perhaps the precipitation or temperature maps are 
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FIGURE. 6.-CROSS SECTION AND OROGRAPHIC FACTOR THROUGH LATITUDE 42° 15'. 

based on too little data in the mountain areas or perhaps the orographic 
effect on peaks is too complex to be expressed by one or two simple 
climatic indices. One practical expedient for expressing the effect of 
orography would be to use, as an orographic factor, values based on 
the contours of Figure 4, which are consistently defined by the residuals 
of flood discharge at each station. The discharges are from entire 
basins, therefore they represent the integrated effect of whatever con
ditions are responsible for the pattern. When an orographic factor, 0, 
based on the mapped contours, is introduced into the regression equa
tions, the final residuals are then found to be randomly scattered over 
all of New England. 

It would have been possible to use other variables of those in
vestigated instead of the ones finally used. For example, average land 
slope, stream density, or others might have been used instead of main
channel slope. Each of these is highly correlated with the others. How
ever, the main-channel slope proved to be the most efficient of these, 
i.e., it accounted for "1, larger part of the variation in peak discharges. 
After main-channel slope was introduced as a variable the other like 
variables no longer added anything significant to the correlation. 
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No basin shape factor could be found that had any significant 
relation to flood peaks, despite the fact that reasoning shows that shape 
must have an effect. Apparently, the basin shape has to a large extent 
been accounted for once drainage area and slope have been included. 
This is because slope is computed on basis of the length of the main 
channel-for a given size of drainage area a variation in main-channel 
length indicates a variation in shape. 

RESULTS 

The multiple-correlation equations which have been developed are 
of the following form: 

QT = aAb sc Std re tf og 

There are six independent variables. The first three-area, main-chan
nel slope, and surface storage-are topographic variables. The' next 
two, precipitation intensity and temperature, are climatic variables. 
The last is an orographic factor, a combination of topography and 
climate. 

Drainage area is the most important variable. The standard de
viations of the original peak discharges range between 130 and 190 
percent ( average of plus and minus deviations) of the mean values at 
each level. The use of drainage area leads to standard errors ranging 
only from 50 to 70 percent. Slope is highly important and it accounts 
for a 10 to 20 percent reduction in the standard error over that using 
area alone. Storage further improves the standard error between 2 and 
5 percent. Rainfall intensity is not statistically significant below about 
10 years; above lb years the improvement in standard error ranges 
up to 3 percent. Temperature improves the standard error between 1 
and 4 percent. The orographic factor improves the standard error 
between 5 and 20 percent. Although intensity and temperature each 
improve the overall standard error less than 5 percent, they are factors 
that vary regionally rather than randomly and the improvement in 
standard error does not tell the whole story. For example, the mapped 
residual error before temperature was introduced (Fig;. 1} showed 
errors ranging from plus 40 percent in northern New England to minus 
50 percent in southern New England; These regional errors were re
moved by temperature although the average improvement is only 1 to 
4 percent. · 
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Figure 7 shows how the exponents in the general equation vary as 
T, the recurrence interval, changes from 1.2 to 300 years. The a co
efficient shows an abrupt change between 10 and 2 5 years because the 
variable I, rainfall intensity, has not been used below 2 5 years. The 
other coefficients all show consistent and smooth variations with recur
rence intervals.The variations in coefficients b, c, e, f, and g have been 
tested and found statistically significant. The variations in the co
efficient, d, for surface storage, were not found significant although d 
appears to vary uniformly with recurrence interval. For this reason a 
constant value, -0.3, has been used throughout in the final set of 
equations. 

Table. III is a summary of simplified regression coefficients b 
through g selected from the curves of figure 6 and rounded to the 
nearest one-tenth in value. This simplification is accomplished with no 
appreciable loss of accuracy in the final equations. The a coefficients 
as shown are recomputed values which, on theoretical grounds, balance 
the simplified values of the other coefficients. 

TABLE Ill-SUMMARY OF SIMPLIFIED REGRESSION COEFFICIENTS 
QT = aAb sc Std re tf og 

Recurrence Standard 
Interval, T, Regression Coefficients error in 

in years a b C d e f g percent 

1.2 2.14 1.0 .3 -.3 0 .4 .8 24.9 
2.33 2.60 1.0 .4 -.3 0 .4 .8 23.2 
5 3.54 1.0 .4 -.3 0 .4 1.0 26.6 

10 4.52 1.0 .4 -.3 0 .4 1.1 28.4 
25 2.08 1.0 .5 -.3 .5 .4 1.1 29.3 
50 2.26 .9 .4 -.3 .9 .5 1.1 27.2 

100 1.38 .9 .4 -.3 1.1 .6 1.2 32.6 
200 1.01 .9 .3 -.3 1.2 .8 1.5 33.0 
300 .681 .9 .3 -.3 1.3 .9 1.6 37.2 

The final column of Table III shows the standard errors of es
timate at each flood level. These are considered acceptable limits con-
sidering the nature of the problem. · 

COMPARISON WITH OTHER STUDIES 

There have been two previous studies of generalized flood-fre
quency relations in New England made by the Geological Survey. Both 
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of these studies have been extremely useful to State and Federal 
agencies and to engineering consultants for purposes of planning, regu
lation, and hydraulic design. Each is appraised in relation to the find
ings of this study. 

KINNISON-COLBY STUDY 

The first of these studies was made by Kinnison and Colby 
( 1945), and provides flood-frequency formulas applicable in Massa
chusetts. These formulas are for minor ( 15-year), major ( 100-year), 
rare ( 1,000-year), and maximum flood peaks. This was the first com
prehensive study of the generalized relation of peak floods, on a fre
quency basis, with physiographic characteristics. 

Flood peaks were developed mainly from unit hydrographs. The 
peaks were then studied in relation to many basin characteristics. The 
variables appearing in the final equations are for 1) drainage area (M), 
2) surface area of lakes, ponds and reservoirs (a), 3) median altitude 
of the basin above the outlet ( s), and 4) the effective length (L) of 
travel of water to the outlet. The combination of the last two, s and L, 
is closely allied with the main-channel slope that was used in the present 
study. It can be seen, therefore, that the Kinnison-Colby formulas 
contain essentially the first three terms of the present formula. Within 
Massachusetts, there is not much variation in either winter temper
ature or rainfall characteristics. For this reason neither temperature 
nor rainfall would be likely to appear in a formula based only on 
Massachusetts data. 

The author of the present study has had the advantage of using 
longer periods of streamflow record, the comprehensive historical-flood 
study made in 19 5 7, and analysis of data from a much larger area. The 
present study is based on peak discharge data obtained directly, as 
compared with such data obtained indirectly from unit hydrographs 
and rainfall records, as in the older study. In the present study, no 
attempt has been made to define the 1000-year and maximum possible 
peak discharges, as was done by Kinnison and Colby. 

It is readily possible to make comparisons at the 100-year level 
of results by both the Kinnison-Colby formula and the present study 
for 26 stations of the 48 used in the Kinnison-Colby study. The 100-
year discharges are computed as though these were ungaged sites. Re
sults are measured against the 100-year values taken from the indi
vidual station frequency curves. The standard errors are, respectively, 



PEAK DISCHARGE 65 

44.4 and 34. 7 percent. This means that by the Kinnison-Colby formula, 
approximately one-third of the computed 100-year peaks were in error 
by more than 44.4 percent; by the present formula, one-third of the 
computed values were in error by more than 34. 7 percent. 

Comparisons were made at the 15-year level by picking 15-year 
values from the curves which average the points computed by the new 
method for each station. For 15-year peaks, the standard error by the 
Kinnison-Colby formula is 33.9 percent, and by the new methods is 
28.2 percent. 

BIGWOOD-THOMAS STUDY 

Bigwood and Thomas (1955) and Bigwood (1957) developed re
gional flood-frequency relations applicable to Connecticut. The 1957 
paper revised the relations by including data on the August 19 5 5 hur
ricane flood. Their studies make use of the index-flood method. 

The mean annual flood is related to basin characteristics by their 
"Connecticut flood-flow formula." All other floods are then related to 
the mean annual flood by means of a regional base-frequency curve. 
The formula for mean annual flood uses as variables 1) drainage area 
(a), 2) channel slope ( S), which is the average of main-channel and 
tributary slopes, and a basin coefficient ( Cn). The coefficient has a 
value of 0.85 for "normal characteristics," 0.55 if there is an "ab
normal" amount of channel storage, and may be varied from 1.0 to 3 .0 
for areas ranging from "semisuburban" to "urban residential." 

The drainage area used in the Connecticut formula is obtained by 
deducting "the portions of the drainage area not contributing to flood 
volumes." This is to a large extent dependent on judgment and may be 
questionable, because there is likely to be some contribution to the peak 
flow even from areas largely controlled. The basin coefficient, Cn, is 
largely a matter of judgment, which must be relied on to determine 
the "normal" or "abnormal" condition of channel storage and the 
degree of urbanization. Actually, there is extremely little data at the 
present time on which to establish the effect of urbanization on flood 
peaks. 

The present study has the advantage of the use of more data 
based on a wider area of study. In addition, it avoids the use of co
efficients with a wide range, with values to be determined by judgment. 
Bigwood and Thomas used historical data to establish recurrence in
tervals for the major floods. These recurrence intervals were then ap-
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plied over large areas. In the present study, use was made of the de
tailed historical study made in 19 5 7, not previously available. His
torical data were used at each station to define the upper ends of the 
individual frequency curves. 

Direct comparisons of results by both the Bigwood-Thomas 
( 1957) method and the present study were possible for 3 7 of the 44 
stations used by them. The discharges were computed as though these 
were ungaged sites. Results were measured against the values taken 
from the individual station frequency curves. A summary of these re
sults are shown in the following table. Standard errors in percent are 
shown for each of the nine recurrence intervals. 

These results mean, in general, that approximately one-third of 
the computed values were in error by an amount exceeding the percent 
indicated by the standard error. 

STANDARD ERRORS OF DISCHARGES FROM CONNECTICUT FLOOD FORMULA AND FROM 

NEW FORMULAS, FOR 37 CONNECTICUT STATIONS 

Recurrence Number Standard errors in percent 

interval of stations Connecticut formula New formulas 

1.2 37 18.4 29.0 
2.33 37 13.3 27.0 
5 37 24.0 27.5 

10 37 33.0 24.7 
25 37 43.6 25.1 
50 36 52.0 19.7 

100 35 57.8 23.8 
200 32 67.0 33.4 
300 15 55.2 33.2 

RANGE OF USE 

The multiple-correlation equations apply only in New England 
within the limits of the data used to develop the relations. The results 
apply only to essentially unregulated conditions-roughly to basins 
with less than 4.5 million cubic feet of usable storage per square mile. 
Although data for drainage areas between 1.64 and 9,700 square miles 
were used in the analysis, the small number of stations below 10 square 
miles leave the results uncertain in that range. Because the flood ex
perience is of necessity based on a given period of record, results must 
be considered as applicable to the events during that period. They can 
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be used for prediction only if it is assumed that the general level of 
flood activity will be the same in the future period under consideration 
as in the past. It is believed that, irrespective of the general level of 
floods represented, the relative effect of the separate hydrologic factors 
for the New England region is fairly well defined by this study. 

The approach used here might prove profitable in any humid 
region. Modifications in the variables used may be made as found 
necessary because of local conditions or because of the type of data 
available. Further study is being made in the arid and se.miarid south
western United States. 
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