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If the weights were unequal, rather than all equal to 
1/m, such an assumption could also be made of the 
weighted mean in order to arrive at the above ex­
pression. Then, 

where 

= 
1 1 1 

. For the stand?rd tw.o-point velocity sampling 
techmque, the term mvolvmg the variability of the 
two velocity values may be expressed as 

1 + (Vii)] 

m 
(V0. 2/Vo.slz+t 

[vo_2/ vo.sl + 1] z 

As the ratio of V0 _21V0 _8 varies from t. 5 to 2.5, the 

above expression varies from 0.52 to 0.59. In other 
the effect of average variance in a point 
measurement is magnified from four to 

e_1ghteen due to the variability of the veloci­
tles sampled 1n each vertical. 

Further, 

n 

L Qt = n Var (Q1] 

i = 1 

Therefore, 
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A number of important inferences can be made 
from the variance model. 

(i} The standard deviation of the error in a 
discharge measurement, and of the measured dis­
charge itself, is proportional to the discharge. Thi s 
proportionality may not be truly constant over the 
range of discharge values, due to the variation of the 
component errors. However, it is reasonable to 
assume that there is a representative coefficient of 
proportionality for discharges exceeding the low flow 
conditions. 

(ii) Ofthe component errors considered, those 
arising from sampling both the ver tical velocity pro­
file and depth have potentially the greatest effect on 
the total measurement. As correct sampling of the 
velocity pr ofile is also important with regard to re ­
ducing the chance of bias, this phase of discharge 
measurements requires close consideration. 

(iii} The variability of the n sectional dis ­
charge values can have a major effect on the error 
i n the discharge measurement. This variability ca n 
be readily reduced by a subdivision of the stream 
cross section into verticals containing approximately 
equal discharges. Although such a subdivision has 
been suggested in stream-gaging manuals, proof of 
its importance for minimizing errors has not been 
given before. As a result, such methodology has not 
been adopted in practice. The variance model clearly 
reveals that the variability of the partial discharges 
s hould be conside r ed. 

(iv) The minimum number of sampling points 
required in each vertical to achieve a prescribed 
level of accuracy is a function of the total variance of 
a point velocity measurement, the robustness of the 
technique for sampling the velocity distributuion, and 
the variability of the sampled velocities in the distri­
bution. The inference here is that sampling the 
vertical dis tributuion of velocity at points considerably 
distant in space and velocity magnitude, such as in the 
0.2 and 0.8 point scheme, may give rise to a larger 
variance in the discharge measurement due to the 
greatly increased coefficient of variation term. The 
question arises whether this effect is balanced by a 
significant decrease in G' 2 • • and by a r eduction in vp 
the chance of bias. Improved sampling schemes 
centered more around the position of the mean velocity 
vector might be p referable in order to obtain a mini­
mum variance unbiased estimate of the mean velocity 
in a vertical. 

(v) The best measurement technique for a 
particular stream site, involving the minimum num­
ber of verticals and sampling points in each vertical 
for a prescribed level of accuracy, can be determined 
only after the relative role of each term of the vari­
ance model has been estimated from a preliminary 
study. For accurate research measureme nts, such 
as those required for the evaluation of weather modifi­
cation attainments, there seems little question that 
such studies should be undertaken . For common 
mountain stream measurements, it would be difficult 
to j ustify such extensive investigations. However , 
the stream sites could be classified according to their 
flow and geometric characteris tics. Then streams 
exhibiti ng similar characteristics could be sampled 
in one manner; a nd groups of gaging sites varying 
widely in properties could be sampled in different 
ways. 
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CHAPTER IV 

THE EVALUATION OF DISCHARGE ESTIMATES 

4.1 General Approach 

At the outset, it was noted that there is a need 
for objective methodology for evaluating the accuracy 
of daily, monthly, and annual discharge estimates. 
Whereas, a hypothetical error model for a single 
discharge measurement has been developed in the 
previous chapter, a method is presented here for 
est imating the accuracy of a single discharge esti­
mate from use of the appropriate stage- discharge 
relationship. A mathematical representation is made 
of the rating curve; sample curves are fitted; and 
both confidence and tolerance limits are prepared and 
inte rpreted. On the basis of this representation and 
of a consideration of the correlation between daily 
errors, daily, monthly and annual discharge esti­
mates are evaluated. 

4.2 Mathematical Representation of the Rating Curve 

4. 2.1 Basic hypotheses 

Before proceeding, it is necessary to establish 
a number of hypotheses. Firstly, it is hypothesized 
that, for a given stream-gaging station and a particu­
lar period of time during which the river control may 
be considered to be stable, there exists a true stage-

discharge relationship, or at least a mean relation­
ship about which the true one varies somewhat ran­
domly. Secondly, it is hypothesized that for many 
mountain-gaging stations, the period of stability 
mentioned above is sufficiently long so that a number 
of discharge measurements may be obtained, and the 
true stage-discharge relationship may be estimated 
by a simple mathematical expression. Finally. it 
is hypothesized that the majority of scatter of plotted 
measurement points about a mountain stream rating 
curve estimated for a stable period, arises from 
measurement error, and not to any great extent to 
minor incidents of instability or hysteresis effects. 

4.2. 2 Selection of sample data 

A sample of nine stream-gaging stations was 
selected for analysis from those situated in the re­
gions of the mountains of Colorado which have been 
deemed to be suitable for weather modification re­
search and practice. Descr iptive material regarding 
these stations is given in Table 12, and they are 
located on the map in fig. 8. This information has 
been obtained from U. S. Geological Survey Water 
Supply Papers, and the Station Analyses maintained 
in the Denver Office of the Surface Water Branch, 
Water Resource s Division, U. S. Geological Survey. 

TABLE 12. DESCRIPTIVE INFORMATION REGARDING SAMPLE GAGING STATIONS 

Basin Drainage Average Specific Nature 
and Station Ar'!a Discharge Yield of 

Station N arne Number (Squa ,·c Miles) (cis) ( cfs /Sq. Mi.) Control 

Arkansas River 
Arkansas River at 07- 860 4 27 353 0.83 Rock and sma:ll boulder 

Granite riffle. 

Gunnison River 
Taylor River below 09- 1090 245 187 0. 76 Boulder and gravel bar. 

Taylor Park Res. 
East River at 09-1125 295 347 I. 17 Coarse aggregates, 

Almont cobble, and rock. 
Quartz Creek near 09-1180 I 06 54.8 0.52 Rock and cobble bar. 

Ohio City 
Curecanti Creek 09- 1250 31.8 33.7 1. 06 Rock and gravel bar. 

near Sapine ro 

Dolor es River 
San Miguel River 09-1725 308 232 0. 75 Rock and gravel r iffle . 

near Place r ville 

San J uan Rive r 
Animas River at 09 - 3575 55.9 106 1. 90 Rock and gravel riffle. 

Howards ville 
Hermosa Creek 09-3610 172 143 0.83 Gravel a nd c obble bar. 

near Hermosa 
Animas R iver at 09-3615 692 862 1. 24 Low boulder dam. 

Durango 
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Fig. 8 Stream-gaging stations in the Colorado mountains selected for error 
evaluation 

In order to ascertain the relative stability of 
the control sections of the above- mentioned stations, 
and hence the stability of the rating curves, copies of 
the data of all discharge measurements performed at 
each site were obtained. From this information, the 
values of gage height, or stage, and discharge were 
plotted sequentially in time for each station. This 
procedure proved to be a simple manner in which to 
note major shifts in the rating curves. 

. . . It was observed that in the majority of ca s es, a· 
s1gmf1cant shift of a c urve would occur only after the val­
ues at. high di~charges had been plotted. That is to say, 
a perlo.d of hlgh now appeared to be required before 
the ra~mg curve would shift noticeably. Therefore, 
the shtfts coul~ be attributed to either a change in 
~he cross-s.ectwnal shape of the channel, or a change 
m the relatlve roughness of the bed. In the firs t case 
scour ac!ion could have altered the gaging site by ' 
degra.d~twn and/ or aggradation. Secondly, the high 
velocttles could have caused the removal of fine 
material from the bed, leaving a coarser armour 
plate and an increased relative roughness. 

A minimum of a dozen points, and more usually 
at least thirty t o fifty points, were available between 
shifts. The dates where the s hifts were observed 
were noted, and the total period of station record was 
thus divided into periods of stability. These dates 
tended to correspond to notations made on the data 
sheets or the station analyses regarding shifts in the 
channel or a complete relocation of the station. 

Although some subjectivity was involved in the 
above procedure, it proved to be an effective way to 
subdivide the period of record at a station into 
lengths when there appeared to be a relatively stable 
stage- discharge relationship. Further, the original 
hypothesis regarding the existence of a stable rela­
tionship for a relatively long period of time was 
proven valid for the mountain stations considered. 

4. 2. 3 A rating-curve equation 

In order to represent the stage- discharge rela ­
ionship mathematically, it is desirable to choose a 
regression equation that adequately describes the 
relationship with a minimum number of parameters. 
The following equation was selected. 



where 

~· Q is the estimated discharge, 

H is the observed stage, 
;~ ,~ . 
b 1, b

2
, Ho are the estimated parameters of the 

equation. 

This equation has been used by a number of 
persons for the extension of station rating curves. 

* Usually, Ho has been assumed to be zero. However, 
the equation has seldom been employed to fit available 
data, an "eye fit " being deemed to be more suitable. 
Carter and Davidian ( 1965) have recently suggested 
the use of this equation, with a graphical procedure 
for estimating Ho. 

Before a method of fitting the above equation 
is presented, it is worthwhile to note the significance 
of the estimated pa rameters. The first parameter, 
b 1, reflect s the scales being used for stage and dis-

charge; b2 denotes the degree of curvature or slope 

of the estimated relationship; and Ho may be defined 
as the virtual stage at zero discharge . In the physi­
cal situation, Ho represents the lowest bed elevation 
at the stream station, or the pond elevation at zero 
flow, t ranslated to the stage scale. This parameter 
could be estimated from a careful study of the station. 
However, it is more r eadily obtained by considering 
it as the third estimated parameter in the e quation. 

4. 2.4 Fitting the rating curve 

The method of least squares is chosen for esti­
m ating t he parameters of the selected regression 
equation. Further, the method is employed on the 
loga rithms of discharge, treating the equation in a 
linear form. Justification for this logarithmic trans­
formation is given in a subsequent section. The equa­
tion considered for the l east squares analysis becomes, 

* * * * lnQ "lnb
1 

+ b2 ln(H -Ho) 

* For ease of r epresentation, the term (H- Ho) is de-
noted as Hr, or relative stage . That is, 

* * * ln Q= lnb1 + b2 lnHr. 

Considering the least squares technique as 
applied to the logarithms , the objective is to mini­
mize the squared devi ations between the logarithms 
of the estima ted and observed discharge values, or 
to minimize 

where p r epresents the number of observed stage ­
discharge values . The three estimated parameters 
r equired to meet the above objective may be deter­
mined by setting the partial derivative oi the summa:. 
tion with r espect to each of the parameters equal to 
zero. The resulting equations are: 

p p 

L lnQi- p l nb1 - b2L lnHr1 : 0 

1 1 

p p p 

[
1 

ln Qi ln Hr i - l n b 1 L ln Hr i - b2 L (ln Hr i) 2 

1 1 

p ....... 
\ l nQi 

L Hr. 
1 l 

p 

* L I -lnb -
1 Hr. 

1 l 

* Lp ln Hri 
- b2 -H- = r . 0 . 

1 l 

Solving the above equations simultaneously for 

* and Ho , the following equations are obtained. 
* equation for estimating Ho is , 

p p p 

)lnQ'. \ 1/Hr.- p \ lnQ./Hr . 'r l'r l ~ l l 
0 . 

* * Once Ho has been estimated, b 1 and b2 may be 
determined explicitly from, 

and 

p p p 

) l nQ. \ ln Hr. - \ lnfJ. ln Hr . 
L-.. tL 1 L 1 1 

b = 1 1 I 
2 p z p 

[ L lnHri] - L (ln Hr/ 

1 

* 

0 

The equation for estimating Ho must be solved 
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by an iterative p rocedure. Manually, this procedure 
would be monumental; by computer, it is readily 

* accomplished. The equation is of the form, f(Ho) = 0, 
and the object of the iteration is to solve for the real 
root of the function. The Bolzano or bisection method 
is a s imple procedure for this determination and can 
be easily prog rammed for the computer. Starting at 

a point ilo that is virtually certain to be larger tti.an 
* the root , Ho is decreased by an increment ho until 

* an interval of width ho is found, such that f(Ho) and 



* f{Ho+ho) have opposite signs. A root. is then known 
• • to fall between Ho and {Ho + ho). The i ncrement ho 

is then halved at every step, with the new interval • • • * 
{Ho, Ho + ho/4) used when f{Ho) and f{ Ho+ho/2) are 

* of opposite signs , and t he new interval (Ho +ho/2, 
* • Ho + 3 ho /4) used when f{Ho + ho/2) has the s ame sign 

* as f(Ho). The root is t hus always approached from 
the left. 

In applying the Bolzano method to the estimation 
• • of Ho, the i nitial Ho selected was the lowest stage 

value of the data minus 0 .01. For data from perennial 
streams, the minimum stage is inevitably more than 
0.01 a bove the root; but it is important to select a 
point below the minimum value to insure that all rela­
tive stage values are positive. The iterative proced­
ure was performed until the interval ho had been · 
reduced to less than 0.0005. 

4 . 2.5 Justification of the logarithmic transformation 

A basic premise of the method of least s quares 
is that the variance of the estimated variable be a 
constant over the range of applicability of the esti ­
mated relationship. From the previously-estimated 
model for error in a single discharge measurement, 
it was learned that the variance of the error, and of 
the measured discharge, is not a constant. Rather, 
the variance may be expected to be proportional to the 
square of the discharge. The logarithmic transfor­
mation tends to stabilize the variance whe n it is pro­
portional to the square of the discharge , and the least 
squares approach is applicable on the logarithms. 

In order to further verify the proportionality of 
the variance and the square of the discharge, the 
most r e cent rating-curve data for the mountain 
stream - gaging stations was studied. Rating curves 
were fitted by the above-described procedure, and 

* the squared deviations, {Qi - Qi)2, were determined 

and plotted with the res pective estimated discharge 
values, as shown in fig. 9. On this p lot, there is a 
tendency for the most dense grouping of points to 
follow a straight line of s lope t wo. No s ingle line on 
this plot would have much significance, since data 
from the nine sample stat ions were pooled together. 
However, the t endency s uggested above reflect s the 
fact that the variance of a discharge value is appro xi­
mately proportional to the s quare of that value. Hence, 
the model presented in the previous chapter is 
strengthened, and the logarithmic transformation is 
further justified. 

4.2.6 The divisive discha rge value 

In order to develop the hypothetical error 
model for a s i ngle discharge measurement, it was 
necessary to restrict consideration to discharges 
which did not involve low velocities and/ or shallow 
depths. At velocities less than one foot per second, 
it was noted that most current meters failed to 
register accurately. Also, at depths less tha n one 
foot, the vertical distributuion of velocity , and hence 
the mean velocity in a vertical, became very difficult 
to est imate properly. Therefore, the error i n a 
s ingle relatively small discharge measurem ent 
occurring under the above conditions may be expected 
to be relatively high, and not abide by the conditions 
of the model. 
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Fig. 9 Squared deviations from estimated rating 
curves versus estimated discharges 

As a result, a "divisive discharge value" was 
established for each stream-gaging site. By defini­
tion, this value is that discharge which can be ex­
pecte d to exceed all discharges arising from velocities 
less than one foot per second and/or depths less than 
one foot. In other words, the divisive dischar ge 
value, determined on the basis of the above physical 
criteria, divides the discharge meas urement and the 
rating curve for a gaging station into t wo portions. 
The upper , and longer portion of the curve, may be 
expected to have errors of estimate whose distri­
butions are represented by the error model. That 
is, along this portion, the standard deviation of a 
singl e discharge is proportional to that discharge . 
On the short, lower portion of the curve, relative 
errors may become quite large, although in absol ute 
value they will be small. The divisive discharge 
values for the nine sample stations are given in 
Table 13. 

It was further observed that the divisive dis­
charge values selected essentially divided the mean 
daily discharge estimates for the mountain s tations 
considered into winter and summer flows. For more 



TABLE 13. DIVISIVE DISCHARGE VALUES FOR THE 
SAMPLE STATIONS 

Station Name 

Arkansas River at Gra!".ite 

Taylor River below Taylor Park 
Reservoir 

East River at Almont 

Quartz Creek near Ohio City 

Curecanti Creek near Sapinero 

San Miguel River near Placerville 

Animas River at Howardsville 

Hermosa Creek near Hermosa 

Animas River at Durango 

explicit information on this point, a duration curve 
was prepared for each sample station, and percent 
volume plots were developed from graphical integra­
tion of the duration curves. Both duration and volume 
curves are presented in fig. 10. 

The selected divisive discharge values were 
equalled or exceeded, on the average, 4 7. 3 percent of 

Divisive Dischar ge Value, QD 
(cfs) 
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the time, and the range was from 26.5 to 56.0 percent. 
However, the same discharge values and flows below 
them accounted for only an average of 11.2 percent 
of the annual volume, the range being from 3.4 to 
16.0 percent. In other words , although the flows in 
the lower portion of the rating curve occur over fifty 
percent of the t.ime, they account for only about ten 
percent of the volume. 
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Therefore, the use of a divisive discharge value 
assumes several connotations. Not only are there 
physical justifications for considering the discharge 
measurements and the rating curve in t wo portions 
but also statistically the values are consistent for t'he 
mountain streams with regard to both the duration and 
volume aspects. Since the low flows occur in the 
winter months during adverse weather and flow con­
ditions, there is further physical justificat ion for the 
errors in low-flow measurements to become relatively 
large. 

4.2. 7 Confidence and tolerance limits 

On the basis of the foregoing discussion, differ­
ent criteria are used for fitting confidence and toler­
ance limits to the two portions of a rating curve. For 
the upper portion of the curve, the limits reflect the 
fact that t he variance is proportional to the square of 
t~e .discharge; whereas on the lower portion, the 
hm1ts are based on the assumption that the absolute 
error remains constant, with the result that the rela­
tive error increases rapidly for small discharge 
values. The limits for each portion are further dis­
cussed below. 

For the upper portion of the fitted rating curve, 
the regular statistical confidence and tolerance limits 
are determ ined. Since the curve has been fitted by 
use of a logarithmic transformation, the limits must 
be evaluated on the same basis. In other words, the 

1. . d * * 1m1~s are etermined by the variability of lnb1, b 2 
and Ho. Further, since the correlation between the 
estimated parameters is not known, the limits are 

determined with regard to a fixed value of Ho. That 

* is, once Ho has been estimated, it is assumed to be 
exact, and the confidence and tolerance limits for the 
regression curve are based on the variability of only 

* * lnb1 and b
2

, which are uncorrelated parameters. 

Then the confidence limits for the upper portion 
of the rating curve may be expressed as, ' 

* . 
ln Q - t sQ* < ln Q < ln Q + t sQ* 

p - - p 

* where sQ is the sample standard deviation of lnQ, 

and tp is the appropriate "student" t value for the 

selected confidence l evel. In terms of the absolute 
rather than the logarithmic values, 

exp ( -tp sQ) Q ~ Q ~ exp (tpsQ) Q 

Further, it is of interest to consider the distance be­
tween the limits and the estimated value as a per­
centage of the estimated value. The upper limit may 

* be expressed as 100(exp(t s":..l- 1]Q , and the lower 
p ~* 

limit as 100 [ exp ( -t s*-l - 1] Q; or the two limits as 
p*~ 

100 (exp (±tp s Q) - 1) Q. The n Q lies between a posi-

tive and a negative percentage of the estimated dis ­
charge. 

Similarly, the tolerance limits for the upper 
portion of the fitted rating curve may be expressed as, 

* * ln Q - t sQ < ln Q < ln Q + t SQ 
p - - p 

or 

40 

or 

where sQ is the sample standard deviation of ln Q. 

On the lower portion of the rating curve, the 
absolute error has been assumed to remain constant. 
The confidence and tolerance limits for this portion 
are, therefore, obtained by using the absolute devia­
tions of the limits calculated for the upper portion at 
the divisive discharge value, and extending lines 
parallel to the rating curve from the divisive discharge 
value downwards to the minimum discharge. That is, 
the absolute error at the divisive discharge value is 
considered to be representative of the absolute errors 
to be expected at lower discharge values. As a re­
s~lt, the relative errors increase quite rapidly as the 
d1scharge decreases from the divisive value. 

Although the relative errors, reflected by the 
limits, diverge slightly on the upper portion of the 
curve as the point considered departs from the geo­
metric mean of the discharge measurements, they 
may be expected to remain fairly constant since the 
measurement range is relatively small. Then the 
relative errors begin to increase rapidly below the 
divisive value. This type of error distribution · along 
the curve would appear to reflect the true situation 
rather well. 

As the limits on the upper portion of the curve 
are fitted on the basis of logarithms, the errors are 
essentially assumed to be log-normally distributed. 
Hence, the relative upper bound is always larger 
than the relative lower one. The error is bounded on 
the lower side of a discharge value, whereas there is 
no bound on the positive side. Therefore, the log­
norm al error distributuion seems reasonable. 

4.2.8 Sample stage-discharge rating curves 

The data for each stable period of record con­
sidered for the sample stations were fitted by the 
procedure previously outlined with a regression equa-

* * * b tion of the form. Q = b 1 (H- Ho) 2 The values ob-

tained for the three estimated parameters, along with 
the sample coefficient of determination are given in 
Table 14 for each period. The standard errors of 
estimate were determined for each portion of each 
curve, and are listed in Table 15 in the dimensionless 
form of the estimated coefficient of variation from 
regression. The total number of data points, p , and 
the number of points on the lower portion, pL , and 

upper portion Pu , of the curve are also given. 

The ques tion arises regarding how well the 
estimated regression equations fit the sample data. 
The best indicators of the nature of the fit are the 
coefficients of determination and the standard errors. 
Each is considered below, with regard t o the results 
in Table 14 and 15. 

The coefficient of determination represents the 
amount of variability in the discharge values ac­
counted for by the estimated rating curve. T he 
values obtained for the periods of record considered 
are all greater than 0.95, with the majority of them 
above 0. 99. Such high values definitely infer that the 
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TABLE 14. ESTIMATED PARAMETERS AND SAMP LE COEFFICIENTS OF DETERMINATION FOR FITTED 
STAGE- DISCHARGE RELATIONSHIPS 

• • Station and Period of Record bl bz 
• H r• 

0 

Arkansas R iver at Granite 
Mar. '38 • May ' 41 137.92. I. 89"0 0 . 8057 0.9932 
May '41 ·June '43 18.410 2.9102 0.612.9 0.9910 
June '43 - June '46 94.791 2.. 1087 I. 3736 0.9922. 
July '46 • Dec. '50 78.993 2.27" 8 1. 2.008 0.9950 
Feb. '51 - June '56 142.. 17 1. 9697 I. 62.30 0.9958 
June '58 ·Oct. '60 186.87 2.. 0582. 2.502.2 0.9849 
AprU '61 ·Oct. '64 16.240 3.2796 0. 1905 0.9950 

Taylor River below Taylor Park Reservoir 
May '39 - July '43 78.499 2.0988 0.4691 0,9972. 
Aug. '43 - Jan. '47 90.242 2..0067 0. 5848 0 . 9974 
May '47 • Sept. '50 92..2.02. I. 9437 0. 5993 0. 9970 
Sept . '50 • Nov. 152 73.661 2..0344 0.5183 0.9964 
Nov. '53 ·Sept. '54 9.6592 2.8879 0 . 7161 0.9948 
Sept. '54 - Sept. '57 40 . 359 2.. 3480 I. 7873 0. 9968 
Sept. '57 - May '62. II. 248 3. 092.8 I . 2.82. 1 0. 9972 
May '62 - Oct. '65 10.745 3. 12.52. I. 272.7 0.99&8 

East River at Almont 
Sept. '35 • June '39 3 1. 012. 2. 8097 ·0. 1067 0.9954 
July 139 · Jan. '44 36.32.9 z . 7896 ·0. 1362 0.972.6 
Feb. ' 4-t - Mar. '48 47.286 2..5356 -0. 2.499 0. 9942. 
Mar. '48 • Sept. '50 35. 941 2.. 6ZG9 ·0. 5087 0.9960 
Apr. '55 • May 58 14.397 2.9401 0.02.38 0.976 1 
May ' 58 - Aug. 61 86.845 2.. 1568 1. t2.60 0.9714 
Sept. '61 • Oct . '65 186.07 I. 7469 I . 4609 0.9942. 

Quartz Creek near Ohio City 
Apr. '38 • July 141 65. 909 2..1968 0.02.91 0.9775 
Aug. ' 4 1 • July '46 0.6876 5. 342.4 ·I. 3969 0,9563 
July '46 - Oct. '50 14. 164 3. 0905 o. 2.315 0 ,9724 
Oct. '60 · May '62 6 . 1207 4. 335 2 0.4316 0.9785 
June '62 • June '65 40.62.1 z. 972.0 0. 9398 0,9918 

Curecantl Creel< near Sapinero 
May '48 - Aug. '52. 2..7988 4 .0839 0. 5110 0.9653 
Apr. '53 ·June '57 8. 2646 3, 6291 I. 2529 0.9952 
May '58 • Jan. '61 3. 1215 4 . 6462. I. 0963 0.9968 
Mar. '6 1 ·Nov, '65 0. 7263 5. 4003 0. 7777 0.9860 

San Mieuel River near Placerville 
Sept. '43 • Dec. 146 13. 088 3. 1663 · I. 3939 0.9837 
Jan. '47 ·Apr. '48 5. z 177 3. 7253 ·1.5969 0,9942. 
June '49 ·May '52. 39,2.24 2.. 6085 -0. 7028 0.9954 
June '52 - Oct. '55 2.1. 439 2.. 912.5 - 1.0454 0.9952 
Nov. '55- Apr. '57 0. 5799 4. 9768 -2.. 0859 0.9964 
Nov. '58 • Mar. '62 o. 0 188 6.0913 -I. 1756 0. 976 1 
Apr. '62. Nov. '64 13.513 3. 1566 I. 0193 0.9809 

Animas River at Howardsville 
Apr. '40 - Apr. '42 I. 6349 4, 512.6 -0.9386 0 . 9960 
June ' 42. - May ' 48 8.9388 3. 62.90 -0.3216 0.9954 
June '48 - Sept. '52 7. 4809 3.683.5 ·0. 392.1 o. 9904 
Oct. '52 • Mar. '56 4,6810 3.8 19<6 -0. 6330 0.9934 
Mar. '56 -June '59 14,649 3 . 2.704 -0. 1863 0.9874 
June '59 ·May '61 8.6052. 3.6338 -0. 312.1 0. 9972 
June '61 • Nov. '64 14. 549 3. 3094 -0. 1014 0.9932. 

Hermosa Creek near Hermosa 
May ' 40 • July '43 15.852. 3.3636 -0. 1344 0.9797 
Aug. '43 -Jan. '48 0.0009 8 . 5814 - 2.. 3477 0.9946 
Feb. '48 - May '52. 23 . 230 3, 538 5 - 0.002.3 0,97 14 
June '52· Apr. '54 36.505 3. 4431 0. 0107 0.9942. 
Apr. 154 -June '57 70.300 2. 6701 0, 2.547 0.9954 
Dec. '60 - Nov. 164 41. 443 2. 6908 -0. 1005 0, 9880 

Animas River at Durango 
Nov. '36 - Sept. ' 46 70.490 2.4842. -0.3450 0.9932 
Sept. 146 - Oct. '53 67.517 2..5608 0. I 239 0.9637 
Oct. '53 ·Apr. '57 37.290 2,91!>6 0. 467 2 0.9759 
Apr. '57 -Oct. '64 2.32.73 I. 922.2 I. 1732 0. 9972. 
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TABLE 15. COEFFICIENTS OF VARIATION FROM REGRESSION FOR SAMPLE RATING CURVES 

Station and 
Coefficients ot Variation From 

p PL Pu Regression, u a Percenta~re Period of Record Entire Curve Low Portion High Porllon 

Arkansas River at Granite 
Mar. '38 - May '41 39 10 29 + 9. 6 - 8.8 + 15.8 • 13. 3 + 8. 0 - 7. 5 
May ' 41 - June '43 22 5 15 +10.5 - 9.7 +13. 9 - 12.2 + 10. 8 - 9.8 
June '•13 -June ' 46 28 10 18 +10. 5 - 9.5 + 15.9 -15.7 + 5. 7 - 5. 4 
July ' 46 - Dec. 'SO 45 9 36 + 7. 8 - 7.3 + 15.4 -13. 3 + 6.0 - 5.7 
Feb. '51 -June ' 56 65 22 43 + 6.6 - 5.2 + 9.2 - 8.4 + 5. 3 - 5.0 
June '58 - Oct. '60 34 4 30 + I I . 7 - 10.5 +12.6 - II. 2 + 12. I -10.8 
April '61 -Oct. '64 66 7 ~9 + 6.5 - 6. I + II. 3 - 10.2 + 7. 2 • 5.8 

Taylor River 
below Taylor Park Res. 

May '39 - July '43 42 4 38 + 6.3 - 5.9 + 12.8 - II. 3 + 6. 2 - 5.8 
Aug. '43 -Jan. ' 47 50 9 41 + 6.0 - 5.7 + 6.8 - 6. 4 + 6. 0 - 5.7 
May ' 47 -Sept. '50 43 6 37 + 6. I - 5.8 + 13. I -II. 6 + 5. 4 • 5. I 
Sept. '50 - Nov. •52 28 5 23 + 7.5 - 7.0 + 14.8 - 12.9 + 6.9 - 6.5 
Nov. '53 -Sept. '54 33 5 28 + 8. 7 - 8 . 0 +14. 7 - 12.8 + 8.4 - 7.8 
Sept. '54 - Sept. '57 50 9 41 + 9.2 - 8. 4 + 19,4 - 16. 2 + 7.0 - 6.5 
Sept. '57- May '62 50 24 26 + 9.0 - 8. 3 + 12.4 -II. I + 5.4 - !>. I 
May '62 -Oct. '65 40 14 26 +10.5 - 9.5 + 17.4 -1 4.8 + 6.5 - 6. I 

East River at Almont 
Sept. '35 - June '39 43 21 22 + 8. 8 - 8. I +II. 0 · 10. 0 + 5. 9 - 6,5 
July '39 • Jan. ' 44 40 23 17 +21. 9 -18,0 +29, 3 -22.7 + II. 0 -to. 0 
Feb. ' 44 - Mar. 048 38 20 18 + 9. 4 - 8,6 +13. I - II. 6 + 4. 6 - 4. 4 
Mar. '48 - Sept. '50 29 15 14 + 8.6 - 7.9 + 9. 2 - 8 . 5 + 8. 6 - 7.9 
April '55 - May ' 58 44 18 26 +28.0 -21.9 +38.4 -27.8 +22. 0 -18. I 
May '58 - Aug. '61 42 16 26 + ZZ. 9 -18,6 +38, 4 · Z7. 8 + 12. 2 -10.9 
Sept. '61- Oct. '65 47 20 27 + 10. 3 - 9.3 +14.0 - 12. 3 + 7.5 - 7,0 

Quartz Creek near Ohio City 
April '38 • July '41 41 12 29 + 16. 8 - 14.4 +27. 2 -21,4 +12. 9 - II. 4 
Aug. '41 -July ' 46 34 11 23 + 19. 5 -16.3 +23. 9 -19. 3 +18.8 -15. 8 
July '46 -Oct. '50 H 23 21 + 16. 5 - 14.2 +21. 4 -17.7 + II. 4 -to. 2 
Oct. '60- May '62 3 1 13 18 +13. 9 -12.2 + 17. 9 -15.2 +II. 0 - 9.9 
June '62 -June ' 65 37 II 26 + 8. 6 - 8.0 + 7.9 - 7.3 + 9. 2 - 8.1> 

Curecantl Creek ncar Saplnero 
May '48 - Aug. '52 39 17 u +34. 2 -25.5 +47 .8 -32.4 + 25. 2 - 20.2 
April '53 - June '57 46 24 22 + II. 5 -10. J . + 9.1 - 8.4 +14. 0 - 12.3 
May '58 - Jan. '61 33 16 17 + 9. 4 - 8.6 + 9. 7 - 8.9 + 9. 7 - 8.9 
Mar. '51 -Nov. '55 52 25 26 + 18.5 -15.7 +26. 2 -20.8 + 9. 6 - 8.8 

San Mleuel River 
near Placerville 

Sept. '43 -Dec. '46 36 14 22 +12. 9 -II. 4 + 19.6 -16. 4 + 8. 6 - 8.0 
Jan. '47 • April ' 48 18 8 10 + 7.7 - 7. 2 + II. 7 -10. 5 + 5. 6 - 5. 4 
June '49 - May '52 41 22 19 + 6. 5 - 6. l + 8. I • 7. 5 + 4. 7 - 4.5 
June '52 - Oct. '55 52 23 29 + 7. l - 6.6 + 7,5 - 7. 0 + 7.0 - 6.6 
Nov. '55- April '57 20 13 7 + 6.4 - 6.1 + 6.7 - 6. 3 + 7.0 - 6.5 
Nov, '58 - Mar. '62 46 II 35 +15.8 -13.7 + 10.4 - 9. 5 + 17. 4 -14. 8 
April '62 - Nov. '64 41 10 31 + 13. 9 -12. 2 +33. 6 -25.2 + 5. I - 4. 9 

Animas River at Howardsville 
AprU '40 - AprU ' 42 2 1 9 12 + 7.7 - 7.Z + 6.9 - 6.5 + 8. 8 - 8. I 
June ' 42- May ' 48 62 32 30 + 8. 7 - 8,0 + II . 6 - 10.4 + 4.9 - 4.6 
June '48 - Sept. '52 56 27 29 + 14.2 - 12.5 + 18.8 - 15.8 + 9. 9 - 9.0 
Oct. ' 52- Mar. '56 39 18 21 + 8. 4 - 7.8 + II. 7 - 10,5 + 5.5 - 5.2 
Mar. 156 -June '59 46 20 26 + 17.9 -15.2 +28. 4 -zz. 1 + 7 . 6 • 7. I 
June '59- May '61 28 12 16 + 7.2 - 6. 7 + 7.9 - 7. 4 + 7.2 - 6.8 
June '61 - Nov. '64 42 15 27 + II. 2 -10. I + 18. 4 - 15.6 + 6. 7 - 6.3 

!Hermosa Creek near Hermosa 
May '40 - July 143 39 16 23 +23. I -18.Z +30.9 -23.6 +18.9 - 15. 9 
Aug. '43 -Jan. ' 48 40 16 24 + 8.8 - 8. I + 10.6 - 9.6 + 8. I - 7.5 
Feb . '48- May 152 59 28 31 +29. 7 -22.9 +40. 6 -28.9 +19.6 -16.4 
June '52 ·April '54 32 19 13 + 9.8 - 8 .9 +IZ. 0 -to. 1 + 7.2 - 5.7 
April '54 - June ' 57 56 H 32 + 9. 9 - 9.0 +12. I -I 0. 8 + 8.3 • 7.7 
Dec. '60 -Nov, '64 71 32 39 + 15.5 - 13.4 +23. 6 - 19. I + 5. 9 - 5,6 

Animaa River at Durango 
Nov. '36 - Sept. ' 46 137 56 81 + 9. 9 - 9.0 + 13. 7 - 12.0 + 6.6 - 6. 2 
Sept. '46 - Oct. ' 53 134 55 79 +Z4. 6 -19.8 + 34. 0 -25.4 + 16.9 - 14. 5 
Oct. '53 - April ' 57 68 30 38 +13. 5 -II. 9 + 16.5 - 14. 2 +II . 3 - 10.2 
April '57 - Oct. '64 150 51 99 + 5. 9 - 5.6 + 7.3 - 6.8 + 5. 2 - 4.9 

Average Values + I Z. 4 - 10,8 + 17. 3 - 14, 3 + 9. 37 • 8.40 
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selected mathematical expressions very adequately 
represents the stage-discharge relationships of the 
sample mountain- gaging stations. Further, it can be 
said that the logarithms of stage and dis.c;hyge appear 
to be functionally linearly related. 

An appraisal of the table of coefficients of 
variation reveals that in virtually every case, the 
values for the lower portion are considerably larger 
than those for the upper portion. It was this result 
which was anticipated and led to the est ablishment of 
the divisive discharge value. Further, under the 
original hypothesis that the majority of scatter about 
the curve is due to measurement error, these values 
reflect the relative measurement error. Although 
there are no values with which to compare, the aver­
ages of +9. 37 and -8.40 percent appear reasonable for 
mountain discharge measurements. Closer consid­
eration of the individual values reveals that for some 
gaging sections, the errors of estimate can be as low 
as ±5. 0 percent. However, they are seldom less than 
this . Such values might represent about the best 
accuracy that can be expected for current- meter 
methodology on mountain streams. On the other hand, 
the values can be quite large, as in the case of 
Curecanti Creek. These latter cases inevitably in­
clude considerable minor random instability of the 
basic stage- discharge relationship, which could not 
be detected by the stability check, The mean maxi­
mum values for the lower portion of the curve,+ 17. 3 
and -14. 3 percent, are almost double those for the 
upper portion. The particularly large individual 
values are found in cases where the discharge meas­
urements become very small. As a result, the rela­
tive errors· are large on the lower portion, although 
the absolute errors are very small. 

In summary, the regression equations of the 
form selected can be used very well as ·estimators of 
the true stage- discharge relationships on mountain 
streams. The relationships estimated appear to be 
very stable, and the errors of estimate reflect the 
measurement error to be expected in mountain flow 
measurements. This final statement can only be 
verified by global comparisons of field measurements 
or by evaluation of the components in the error model. 

4.2.9 Fitted error bounds 

Considering the rating curves to be divided by 
the divisive discharge values, both confidence and 
tolerance limits were established. The limits exist­
ing at the lowest discharge point, the geometric mean 
point, and the lower or upper end of the upper portion, 
whichever yielded the maximum limits, are given for 
the 80 and 95 percent confidence levels in Tables 16 
and 17. respectively. An illustration is given in fig. 
11 as an aid to visualizing the appearance of the 
limits. This example was selected as being repre­
sentative of the average values for the stations 
analyzed. 

The error bounds on a single discharge esti­
mate are given by the confidence limits for selected 
levels of confidence. The computed mean maximum 
confidence limits are +2.40 and -2.33 percent for the 
upper portion of the curve at the 80 percent confidence 
level, and +3,82 and - 3. 65 percent at the 95 percent 
level. Although the actual bounds for a particular 
curve should be used, these general values serve to 
indicate the general order of magnitude for the sta­
tions and periods of record sampled. Therefore, a 
Bingle discharge estimate can be expected to be very 
aood for these stations, particularly for the summer 
range of flows. 

The tolerance limits yield information regard­
ing the region in which a future discharge measure­
ment may be expected to fall, assuming the river 
regime to have remained in the same stable condition. 
For the 55 periods of record studied, the mean per­
centage tolerance limits at the mean discharge are 
+12. 9 and -11.2 percent at the 80 percent con!idence 
level, and +21.3 and -16.9 percent at the 95 percent 
level. In general terms, a future measurement may 
be expected to be within about ±12 or ±19 percent of 
the corresponding estimated discharge on the upper 
portion of the curve. These limits may appear some­
what large to the field worker who expects a new 
measurement to fall within five percent of the existing 
curve. However, for the small number of data points 
usually available, such an optimistic viewpoint is not 
justified, particularly at the higher con!idence levels. 

4 . 3 Accuracy of Discharge Estimates 

4. 3.1 TyPes of estimates 

In practice, single discharge estimates are 
made for mean daily discharge values. A study of 
the error in monthly and annual discharge estimates 
requires further knowledge regarding the corre.l!ation 
between the errors in daily estimates. All three 
types of estimates, daily, monthly, and annual, are 
considered below with a discussion of the possible 
correlation between errors. 

4 . 3.2 A mean daily discharge estimate 

The methodology for obtaining a mean daily dis­
charge estimate involves the estimation of mean daily 
stage from stage-time records, and the application of 
this mean stage value to the rating curve to obtain the 
estimate of mean daily discharge. As has been pointed 
out in a previous chapter, the errors inherent in the 
determination of mean daily stage may be largely con­
trolled and rendered minimal. Therefore, for the 
sake of this analysis, the error in a single mean daily 
discharge estimate is assumed to be equivalent to the 
error in any single discharge estimate for which the 
stage is given. 

On the basis of the above- mentioned assumption, 
bounds on the error in an estimate of mean daily dis­
charge may be determined from the con!idence limits 
fitted to the rating curve. For the stations analyzed, 
the upper limit of discharges to be considered was 
taken to be the maximum discharge measurement used 
for the curve. Then the maximum confidence limits 
are those in Tables 16 and 17. Although it is not 
advisable to extend the curve upwards without more 
measurements, it may be done with the result of in­
creased confidence limits and the risk of reaching a 
range of very high flows where more representative 
limits would be even larger than those reflected by the 
model. 

4. 3. 3 Correlation of daily errors 

The correlation between errors in mean daily 
flow estimates determines the nature of the error in 
an estimate which is obtained by the summation of 
daily discharge estimates, such as a monthly or yearly 
value. The situations involving perfectly correlated 
and uncorrelated errors are considered, and the con­
ditions for each to exist are discussed. Cases in dis­
charge estimation where partial correlation may occur 
are also noted. 

4 3 

If the errors in two mean daily discharge esti­
mates, q 1 a nd q 2, are perfectly correlated, then the 



TABLE 16. 80 PERCENT CONFIDENCE AND TOLERANCE LIMITS FOR SAMPLE DATA 

8 0 l'•r cent Lin>itl 
(As A PcreentaRe Of Estimated DiaeharQe) 

Confidence Limlls Tolerance Limits 
Station And Maximum At Maximum Malumum At ~taxi mum 

Per iod of Record For Low Mean For High Fo:r !..ow Mean For HiJI> 
Range !l11ng c R<~nge Ran,o 

Arkanau River at Granite 
Mar. '38 • May '4t + 4 , 21 . 4, 14 +I. 87 ·1.84 >2, 04 ·2. 00 + 21,2 . 20,9 +10, 9 . 8. 80 +10, 9 • 9. 8 3 
May '41 .. June '43 + 5. 8 6 ~ s. as +3. 41 ·3. 30 +3 . 45 ~3. 33 + 28.0 ~ 22 . 5 + 15.3 ~ 1 ). 3 +15. 3 · 13.) 
June ' 43 - June '46 + J. 7 5 . 3, 69 +I. 7Z - i . 68 +i , 79 ·1 . 76 + 16.6 - 15 . 4 + 7. B9 ~ 7. 31 + 7. 91 - 7 .l3 
Jill)' ' 46 • Dec. '50 + z. 36 - z.)) + I. 26 ·I. 25 •I. 30 ~ 1 . zg + 14.5 . 1), 4 .. 8. 04 . 7. 44 .. 8. 04 . 7, 45 
Feb. '51 .. June '58 • I. 90 . 1, 88 +1. 01 ·1.00 +1.08 ·1, 07 + IZ, 7 . 11.9 • 8.95 - 8. 50 + 8. 95 . 6.51 
June '58· Oct, '50 + 3. 52 . 3. 42 •2. n ·2. 66 +2. 84 ·2. 78 + 20.4 . 17. 5 +16. 5 ~ 14, 1 +16. 5 ·HI. 2 
April ' 51 · Oct . ' G4 + I . 22 . I . i 9 + I, 00 - 0.99 '+I. 0 1 ~ 1. 00 + 9. 8 0 - 9. 07 + 8 . 11 . 7. 50 + B. 11 . 7 . 50 

Taylor Rive r below Taylor Park Ree. 
May ' 39. Jllly ' 43 + 5. 12 - 5 . 05 + 1. 26 ·1. 25 +I, 38 · I , 36 + 30.8 ~ 28.4 + 8. 27 • 7. 64 + 8. 29 . 7. 66 
Aug. '43 • J a.n. '47 + 4, 7 5 . 4, 69 • 1. 19 ·I, 17 +I, 27 ·I . 26 + 30, I - 27.8 + 8 . 05 . 7. 45 + B. 06 . 7. 46 
May '47 • Sept. ' 50 + 2, 34 . 2. 32 >1,12 ·1. It +I, 21 · I . 20 + 13,9 . I 3. 0 .. 7, 20 . G. 72 + 7. 22 . 6. 73 
Sept. •so- Nov. '52 + 5. 09 - 5.00 +1,82 ·I. 78 +2,00 · I . 98 + 24,2 . 22, I + 9. 44 • 8, 63 .. 9. 48 . 8,66 
Nov . '53 · Sept . '54 + 9. 01 - 8, 86 +2. 00 · I. 96 +2. 0 3 · 1. 99 + 51.1 . 4 5. a .,.,1. 4. ·10.) +11 . 5 ·10. 3 
Sept. '54 ·Sept, ' 57 +10. 4 .- 1 0, 2 + I . 36 ·1. 35 +1, 5Z - 1. 50 + 65. 2 . 58. 4 + 9 . 29 - 8. 50 + 9. 31 . 8 . 5Z 
Sept, '57 • May '62 +10, 0 . 9. oz +1,)) ·I. 31 ... 35 · 1, 33 + 54,2 . 5, 06 + 7. 25 . 6, 76 + 7 . 26 . 6. 76 
May '6Z • Oct. '85 ~z3. o ·22.6 +1. 62 ·1.50 +1. 66 · 1. 8) +123. · 113. + 8. 85 . 8. I 3 .. 8. 86 . 8. 14 

East River at ,\ lmont 
Sept. '35 · June '39 + 8, 85 . 6. 73 H .86 • I, 83 +I . 88 · 1. 85 + 34. 5 - 31.3 + 9, 45 . 8. 64 + 9. 4 6 . 8. 64 
Jwiy 'l9 • Jan. ' 44 +20, 2 ·19. 5 +3. 36 ·3. Z5 +3, 39 ·), 28 + 92. 5 ~ 80.0 •15. 5 ·13 . • • I S. 5 •I 3. 4 
Feb. ' 4 4 - Mar, ' 48 + 5. 45 - 5. 37 +I. 40 · I, 38 •1. 43 · 1. 41 + 24.6 . 23.0 + 6. 43 . 6.04 + 6. 4) . 6. 04 
Mar. '48 ·Sept . '50 + 8. 67 - 8. 40 +2. 03 ·2. 84 +2. 98 ·2. oo + 35. 6 . 31,7 + 12. z ·10, 9 +12. 2 ·10, 9 
April ' 55 • May '58 +23, 6 ·22. 3 +5. 18 ·4. 03 +5 . 30 ·5. 04 +136. · 114. +30. 6 ·2). 5 +30. 7 ·U.S 
May '58· Aug. '61 + t4. z • 13, 8 +2. 96 -z. 87 +3 , II ·3. 02 + 77. 2 - 66. 2 + 16. 7 · 14, 3 o i 6. 7 · 14. 3 
Sept. '61 - Oct. '65 + 8. 75 . 8. 57 +1.83 · I. 79 +1.99 ·I . 95 + 45. I ~ 41.0 +10. 2 . 9. 28 • 10. 3 . 9. 31 

Quart~ Creek near Ohio City 
April ' 38 • J uly '41 + B. 69 . 8. 44 +Z. 95 · Z. 87 +3 . 07 · 2. 98 + 5, 07 . 43 . 1 • 17.6 · 14, 9 + 17, 6 • L5. 0 
Aug. ' 41 ·July '46 + 8. 77 . 8.40 +4. 75 ·4. 53 +4.75 · 4 . 54 + 48 .3 - 38.3 +26.1 · ZO. 7 +26. I · 20. 7 
July ' 48. Oct. '50 + 7, 82 . 7, 57 +3. I I ·3. 02 +), 13 ·).OJ + 39. 7 - 34 . z +IS. 8 ·13. 7 •15. 8 · ll. 7 
Oct. '60 • May '62 + 10, 8 ·10, 4 +3. 56 · 3. 44 +3, 57 ·3. 44 + 51, I . 43.6 +10.9 • 14. 5 + 16. 9 · 14 , 5 
J une '62 • J une '65 + 5 , 50 . 5, 37 +2. 26 ·Z. 2t +2. 28 - 2. 23 + 30 . 4 . Z7. 0 + I Z, 6 · II . z + 12. 6 ·II. Z 

Curecaotl Creek ncar Saplnero 
May ' 48 • Aug. '52 +52. 5 · 49 . z +8. 42 ·8. 03 +8. 45 ·6. 08 +Z80. ·214 , +35. 6 ·28. 3 •35. 6 ·28.) 
April '53 - June '57 +ZO. 5 · 10. 8 +3. 70 ·3. 58 +3. 7 3 ·3. 60 +1 07. . 89.5 +19. 5 · 18. 3 + 10. 5 · 18. 3 
May '58· Jan. 'Gt +17. 1 · 16, 7 •2. 98 -z. 9 0 +2. 99 ~ z. 90 + 70,9 ~ 69. I + 13. 7 · I Z, 0 + 13. 7 • I Z. 0 
Mar. '61 • Nov. '65 +13. 7 ·13, 4 +2. 35 ·Z. Z9 +Z, 35 ·2. 29 • 78, I . 67, 4 + I 3. I ·II, 6 + l l, I ·11. 6 

San Migue l River near Placerville 
Sept . ' 0 · Dec. ' 46 + 4 . 53 . 4 . 4 2 +2.31 ·2. 26 + 2. 3) ·2. 27 + 23.3 - Zl. 6 +11.8 - tO , 6 + I I . 8 · 10. 6 
Jao. ' 47 • April ' 48 + 4 , 76 . 4, 6:1 +Z.H ·2. 31 +2. 38 ·2. 32 .. 17.0 . 15.8 • 8. 44 . 7 , 79 .. 8. 45 . 7. 7 9 
June ' 49 • May 'st • z. 60 . 2. 51 + 1. 38 · 1. 36 +1. 4 0 · 1. 38 + IZ. 1 . II, 4 .. 6. 46 • a. 07 .. 6. 47 6. 07 
June '52 ·Oct. ' 55 + 7. 86 - 7. 38 +1. 6 4 · I , 6Z +1.66 · I . 63 + 20. ) . 18. 5 + 9 . 50 - 8. 68 + 9. 51 - 8. 68 
Nov. ' 55 • April ' 57 + 8 . 46 . 8. 17 +3, 59 ·3 . 46 +3 , 59 ·3. 47 + 28. 3 . 23.7 + II . Z ·10, 0 +11 . z · 10 . 0 

Nov. '58· M:~.r. '62 + ij, 02 . 8, 73 +3. 57 ·3. 4 5 +3. 57 · 3. 45 + GO. 1 . 48, 4 • ll. 8 • 10. z +23. 8 • 19. 2 

April '62 • Nov. '84 + z. 19 - z. 15 +I. 16 -I . 15 +I. 16 ·I. 15 + 12.8 . 12.0 + 6. 8 4 6, 40 • 6. 84 . 6. 41 

Animaa Rive r at llowardev1lle 
April ' 40 • April ' 42 + 9. 35 . 9. 07 +3. Z7 · 3. 16 +3, Z7 · 3. 17 + 38. 5 . 32. 3 + 12. 8 • II , 3 + I Z, 8 • I I, 3 
J~me ' 42. May ' 48 ... ), 46 . 3, 4Z •1. 1l ·I. 1l +1. 13 · 1. IZ + 19.8 - 18.7 • 6. 55 . a. i 4 + 6. 55 . 6. 15 
June ' 48 • Sept, '52 .. 7, 80 . 7, 62 +Z. 29 ~2. 24 +Z.lO · Z. 25 + 45.5 - 40,0 +13, 4 ·11. 8 +13. 4 • II. 8 
Oct. '52 • Mar. •u + 4. 71 . 4. 6 4 +1. 52 · I . 50 +1. 52 · I. 50 + 23, z . Zl. 6 + 7.50 - a. 98 + 7. 50 - 8. 98 
Mar. ' 56 • June ' 59 .. 8. 93 . 6. 80 + I. 89 • I , 85 + I , 9 1 · I . 87 + 37.7 . 34,3 +10. 4 • 9. 4 1 + 10, 4 . 9. 4 1 
June '56 • May ' 61 .. 6. 87 . 6. 72 +2. 30 ·2. 25 +2. 32 ·2. 27 + 30 . I . 27. 3 + 10,1 . ~. Zl + i O. I . 9. 21 
June '61 ·Nov. '64 + 6. 12 - 6. 0) +1.62 ·1. 60 +1.64 · I . 61 + 33 . 9 . 31.1 + 9. 07 - 8. 31 ... 9. 07 . 8 . 31 

H~rmoea Creek nea,r Hermosa 
May ' 40 • Jul y ' 43 + II. 0 · 10 .• +4. 78 - 4 . 56 +4.90 · 4 . 67 + 59.3 - 47.1 +26 . 3 -zo. 8 +26. 3 -20 . 8 
Aug. ' 43 • Jan. ' 48 + • • 29 . 4,20 +2. 07 -2.03 +Z. 07 -2.03 + 22.. 8 - 20.5 H l. O - 9. 91 + II. 0 - 9. 9 1 
F•b. ' 48 • May '52 +12, 8 ·II, 8 +4,U · 4 .06 +4 , ll · 4 . 14 ~ 77. z • 60.8 +28.11 ·21, I +2a. 9 - 21. z 
Jvoe ' 52 • April '54 + 6. 71 - 6.55 +Z. 56 -2.50 •2. 61 -2. 55 + 2&. 7 - 24,2 +10. 3 • 9. 34 +10.) - 9. 35 
April 154 • J uoe ' 57 + 9 . 81 . 9. 62 +1. B4 · 1. 81 + I . 94 ·I. 90 + 58.6 - 52.6 + II . Z ·10, 1 H I. 3 - 10. I 
Dec, '60- Nov. '64 + 4. 65 . 4, S8 +1. 19 · I . 17 +I, 2Z · I , 20 + 30 , 1 . !7. 9 + 7 . 85 - 7. Z8 + 7. 86 . 7. 28 

Animu Rlver at Durango 
Nov. ' 36 · Se pt. ' 46 + 2. 68 . 2. 6 6 + . 93 . . 92 + . 966 • . 957 + 24 . 8 . 22.8 .. 8. 7Z . 8. 02 + 8 . 7) . 8. 0 ) 
Sept. ' 46 • Oct. ' 53 + 5. 42 . 5. 3 1 +2. za ·2. 23 +2. 37 ·Z. 3l + 52.3 . 42,7 +22. 5 - 18.3 <tZl . 5 - 18. 4 
Oct. '53 • April '57 + 4, 70 . 4,:18 •2. zs ·2. 21 + z. 29 ·2. 24 + 31.3 . 27, I + 15. 2 · I) , z +15. 2 -13, 2 
April '57 ·Oct. '64 + I, 49 . 1, <18 + . 65 . . 65 + . 740 • .734 + 14 .6 - 13.6 .. 6. 71 • 8. 34 .. e. 78 . 8. 35 

Aver lljl& Valuet + 8 . 60 . 8 . 34 +Z. 35 ·2. 28 +2. 40 · 2. 33 + 16.6 - 39. 6 + 12. 9 · I I, 2 • t Z. 9 - II. 2 
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TABLE 17. 95 PERCENT CONFIDENCE AND TOLERANCE LIMITS FOR SAMPLE DATA 

95 Percent Limits 
(As A Percentage Of Estimated DlacharQt) 

Confidence Limits Tolerance Llmlta 
Station And Ma.xtrnom At Maximum Ma:ldmum At Maximum 

Period o! Record For Lo~ Mean For Hiih For Low M~an For Hiih 
Ran A• Range Ran~~ Ranl(c 

Arkanus Rlvor at Grnnite 
Mar. '38 - May ' 41 + 6. 62 . 6. 43 + 2. 94 ·2. 85 + 3. 20 ·3. 10 + 37. I . 31. 7 +17.5 · 14. 9 +17. 5 · 14. 9 
May 14 1 -June '43 ... 9. 43 . 8.94 + 5.49 ·5. 21 + 5. 56 ·5. 27 + 43, 3 . 34.5 +25.5 ·20. 3 +ZS. 5 ·20, 3 
June ••3 ·June '46 + s. 89 . 5. 83 ... z. 7l -2.66 + 2.U ·2. 77 + Z7. 0 . 24. 0 +IZ.8 · II. 3 +12.8 •II. 4 
July ' 46 ·Dec. '50 + 3. 67 . 3. 59 + 1. 97 ·I. 93 + z. 04 ·1. 99 + 23. I - zo. 5 •12.8 •II. 3 +IZ, 8 -II . 3 
Feb. '51 -June '56 + Z,9S - 2, 90 + I. 56 -I. 54 + 1.67 · I. 64 + 19.9 . 17. 9 +10. 9 - 9. 85 +10,9 .. 9. 86 
June '58 -Oct. '50 + 5. 53 . 5. 29 + 4 . 29 ·4. IZ + 4, 47 •4, Z8 + 33.2 . 26. z +ZG.8 ·21. 2 +Z6. D ·ZI. Z 
Apr ll ' GI · Oct, '64 + 2. 17 . 2, 13 + I. 79 • I , 76 + l. 80 ·I. 77 + 17. 9 . 15. 6 + 14, 9 ·12. 9 +14, 9 ·12. 9 

Taylor River below Taylor Park Res. 
May ' 39 ·July ' 4 3 + 8. 00 . 7. 85 + I . 97 ·1. 93 + 2, 02 ·I. 98 + 48. 8 • 4 3. 0 +13. I ·II. 6 + 13,2 · II, 6 
Aur. ' 4 3 ·Jan. '47 + 7. 41 . 7. 26 + I. 85 ·I. 82 + I. 98 ·I. 95 + 47. 8 • 4 2, 4 +12.8 ·II. 3 +12, 8 ·II, 3 
May ' 47 • Sept. '50 + 3.66 - 3. 58 + I. 74 ·I. 71 + 1.89 · I. 86 + 22. I . 19.8 + ll. 4 -10. z •11. 4 ·10. 3 
Sept. 'SO - Nov. '52 + 8. 07, • 7, 81 + 2.88 ·2. 80 + 3.16 ·3. 06 + 39.0 - 33.8 +15. 2 -13. 2 +IS. 3 ·13. 3 
Nov. '53 ·Sept. '54 +14. z ·13. 8 .. 3. 14 ·3. 05 .. 3.19 ·3. 09 + az. s - 69. 5 + 18. 5 -15:5 +18. 5 · 15. 6 
Sept. 'H ·Sept, '57 +16: I - 15. 8 + 2.12 ·2. 08 + 2.n -2. 31 + 102. - 88. 5 + 11. 8 -12.9 114.8 · 12. 9 
Sept. '57 - Moy '62 + I S. 8 · 15, 5 + 2. 09 ·2. 05 + 2. 12 ·2. 07 + 86.4 . 77 . 5 +II. 6 ·10. 4 + II. G - 10.4 
May '62- Oct. ' 65 +36, I · 35. 3 + 2. 51 -2. 48 ... 2. 60 ·2. 54 +197. · 173, + 14. 2 · 12, 4 +14,2 · 12, 4 

Eut R iver at Almont 
Sept. '35 - June '39 +10. 8 ·10 . .5 + 2. 95 ·2. 86 .. 2, 98 · 2. 89 + 55.6 . 48.3 +IS. 3 - I J. 3 +15. 3 ·13. 3 
July '39 • Jan. ' 44 +32. 5 ·30. 8 + 5. 39 ·5. 12 + 5. 43 -5. 15 +154. ·IZZ. +Z5. 7 -20. 5 +25. 7 -zo. 5 
Feb. 144 - Mar. ' 48 • a. 65 . 1 .-48 + 2. Zl -z. 18 + z. 27 -z. zz + 43.5 - 35.9 +10, 4 . a. 4 t +10. 4 . 9. 41 
Mar. ' 48 ·Sept. '50 +11. 0 · 13. -1 + 4. 75 · 4. 53 + 4.83 -4.61 + 59. 5 - 49. z +20.1 ·16. 9 +20. 4 ·16. 9 
April '55 - May '58 +37.3 •H. 6 + 8. 23 -7.60 + 8. 43 ·7. 78 +231, ·152. +52. 0 ·34. 2 +52. 0 ·34. z 
May '58· Aua. '51 +22, 5 · Zl. 4 + 4.67 • 4 . 47 + 1. 91 · 4. 68 +125. . 99. I +27. 3 · 21. 5 +27 . 4 ·21. 5 
Sept. ' 61 · Oct. '65 +13. 8 ·13. 3 + z. 87 -2. 79 + 3, 13 ·3. 04 + 131. - 62. 0 +16, 5 · 14. I +16. n · "14.2 

Quartz Creek near Oblo City 
April '38 ·July ' 41 +13, 7 ·13, 1 + 4, 65 ·4. 44 + 4 . 84 · 4. 61 + 83.0 . 64.4 +28. 8 - z2. 3 +28. 8 -zz. 1 
Au a. ' 4 1 • July '46 +11. 0 · 13. 0 + 7. 57 -7.03 + 7. 57 -7.01 + 81.5 - 56.5 +44,0 ·30. 6 + 44. 0 · 30. 6 
July ' 46- Oct. '50 +12. I · II. 8 + 4. 95 · 4. 72 + 4.87 ·4. 74 + 65.2 - 51.9 +26.1 -20.7 +26. I -20.1 
Oct. '60 • May '62 +17. z ·16. 3 + 5. 71 -s. 40 + s. 71 - 5.41 + 85.0 . 66. 2 +28. 2 ·22. 0 +28. 2 ·22. 0 
June ' 62 - Jun1 '65 + 8. 63 • 8. 39 + 3. 56 ·3. 44 + 3. 59 -3. 47 + 49, z . 4 1.0 +ZO, 3 · 16, 9 +20. 4 · 16. 9 

CurecanU Creek near Sapinero 
May '48- Aui. '52 +84.1 · 76. 5 +10. 3 ·9. 33 +10. 3 ·9. 37 +500. -310. +61. 6 •38. I +61. 6 ·38. I 
April ' 53 • June '57 +lZ. 8 · 30. 9 + 5. 88 ·5. 55 + s. 94 · 5. 60 +178. · 135. +32. 3 ·Z4. 4 +3Z, 3 ·24. 4 
May '58 ·Jan. '61 +27. 5 ·Z6. 3 + 4. 78 · 4 . 57 + 4. 80 · 4. 58 +130. . tO. 6 +ZZ. 8 ·18. 4 +2Z. 6 - 18.4 
Mar. •st - Nov. '65 +21.6 ·20.8 ... 3. 70 -3. 57 .. 3. 70 -3. 57 +124 . ·102. +21.2 ·17. 5 +21, 2 ·l7. 5 

San Mlpel River near PlacOt"VUle 
Sept. ' 43 • Dec. '46 + 7. 17 . 6.92 + 3. 66 -3. 53 + 3. 69 ·3. 56 + 37. 7 - 31. 5 +19. 3 ·16. 2 +10. 3 · 16. 2 
Jan. ' 47 -April '48 + B. 05 - 7.75 + 3, 99 -3. 64 + 4 , 00 -3. 85 .. 29. z . 25. 4 +14. 5 • 12. 7 +14. 5 • 12. 7 
J une ' 49 • May '52 + 4 . 12 . 4 , 02 + 2. 18 ·2. 14 + 2, 22 -2. 17 + 19.5 . 17. 6 +10. 4 . 9. 42 +10, 4 - 9. 42 
June '52· Oct. ' 55 +13, 5 ·ll. 7 + z. 58 · 2. 51 + 2. 60 ·2. 54 + 32.5 - 28. 3 +15. 2 · 13. 2 + 15. 2 ·13, 2 
Nov. '55 • April '57 +14. 9 •14. I + 6. 33 ·5. 95 + 6. 34 - s. 96 + 47.7 - 39.7 +ZO. Z · 16. 8 +20. z -16.8 
Nov. 158- Mar. '62 •14. 3 ·13. 5 + 5. 65 -5. 35 .. 5.65 ·5. 35 +100, - 71. 9 +39. 7 ·28. 4 +39. 7 ·28. 4 
April '62 • Nov. '64 + 3. 41 . 3.35 + I, 82 ·I. 79 + 1.83 ·I. 79 + zo. 5 . 18.4 +10.8 • 0. 83 +10. 9 - 9.83 

AD.i.mu Rlv~r at Howardsville 
April ' 4 0 • AprU ' 4 2 +15. 4 · 14, 6 + 5. 36 ·5. 08 ... 5. 37 -5.10 + 6 1.5 . so. 8 +21. 6 · 17. 7 +21, 6 ·17. 7 
June l42 • May ' 48 + s. 4Z - 5.33 .. I . 76 ·I. 73 ... I . 77 ·I.H + 31, 7 - z8. 8 +10. 4 - 9. 4 2 +10, 4 - 9. 42 
June '48 • Sopt. '52 + 12, 2 • I I , 9 + 3. 50 ·3. 47 + 3. 62 ·3. 49 + 73. 5 . 60. 5 +21. 7 · 17. 8 +21, 7 ·17. 8 
Oct. '52· Mar. '56 + 7. 4 5 . 7, 28 + 2. 41 ·2. 35 ... 2. 41 ·2. 36 + 37. 4 . 33.4 +12.1 ·10. 8 +12. I • LO. 8 
Mar. '56 .. June '59 +10. 9 ..to. s + 2, 97 ·2. 88 + 3. 00 ·2. 92 + 60.9 - 52. I +IS. 7 ·14. 3 +16. 7 ·14, 3 
June '59 - May '61 +II. 0 · 10. 7 + 3, 70 ·3. 57 + 3. 73 •), 60 ... 49.2 - 42. Z +16. 7 ·14. 3 + 16. 7 ·14. 3 
June '61 ·Nov. '64 + 9.53 . 0. 3 5 + z. 55 -2.49 + 2. 58 -2.51 + 5 4.5 - 47.5 +1 4 . 6 ·IZ. 7 +1 4 . 6 -I z. 7 

Hermo.ea Creek near Hermosa 
May '40 • July '43 + 17. 5 • 16. ~ ... 7.62 • 7, 08 + 7,81 ·7. 25 +100. . 69. 6 +44.' •30. 7 + 4 4, 4 · 30. 7 
Aue. '43 • Jan. ' 48 + 6. 75 - 6. 56 + 3. 27 · 3. 16 + 3. 27 ·3. 16 ~ 37. 0 - 31. 4 +17 . 8 ·I 5. I +17 , 8 · 15. I 
Feb. '48 - May '52 + 19. 5 · 18. 3 ... 6. 68 - 6 . 26 + 6 . 82 ·6. 38 .. 129. . 89. 4 +44, 9 - 31. 0 +45.0 -31.0 
J\lne '52 ·Apr)! ' 54 +10, 9 ·10 • • ... 4. 17 · 4. 00 ... 4. zs · 4 . 08 .... 44. 4 . 38. 0 +17. 2 ·1 4, 6 +17. 2 ·14 . 7 
AprU '54 • June '57 +15. 3 -14. e + 2.89 ·2. 81 ... 3. 04 ·2. 95 .. 9 4. 0 • 79.6 +18.1 ·15, 3 +18. I · 15. 3 
Dec. '60 • Nov. '61 + 7. 24 . 7, 10 + I. 85 ·I. 82 .. I. 89 ·I. 86 .. 47.5 - 4Z. 3 +12. 4 ·II. I •12. 5 ·11.0 

Animas River at t>uran,o 
•12, I Nov. '36 • Sept. ' 4 G + 4, 14 - 1. 08 + 1.42 ·1.40 + I. 49 ·I. 47 .. 38.0 - 34.3 + 13. 7 · 12. I +13. 7 

Sept. ' 46 ·Oct. '53 ... 9. 14 . 8. 13 .. 3. 52 ·l. 41 + 3. 68 ·3. 53 + 85. I • 62. 4 +36. 6 ·26. 8 +36. 6 -z.o. a 
Oct, '53 - Apr!! '57 + 7. 31 . 7. 05 + l. 54 ·3. 42 + 3 , 58 ·3. 46 .. 50. 4 • 40. 5 +24. 6 · 19. 7 +24, 6 ·19. 7 
April '57 • Oct. '6 4 + 2, 29 . 2. ~7 + I, 01 . • 998 . 1.14 · I . 13 .. zz. 9 . 20. 6 + 10. 6 - 9. 58 +10. 6 . 9. 60 

Averqe Values +13. 7 •13, I + 3. 74 -3.58 + 3. az -3. 65 .. 76.9 . 59.6 +21. 3 ·16.9 +ZI. 5 - 16 . 9 
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Fig. 11. Illustration of confidence and tolerance limits on a rating curve. 
(Animas River at Howardsville, June 148 to September ' 52). 

variance of the error in the summation of the two 
estimates may be expressed as, 

where 

IT~ and IT~ are the variances of q 1 and q2, 

r espectively. 
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That is. 

where 

IT ( ~ + l) is the variance of the s um of q1 and q2 . 

Whe n the variance of the errors, and of the discharge, 
is proportional to the square of the discharge, then 
the coefficient of variation of a summed total of esti­
mated discharges is equal to that of an individual es­
timat e . That is, when the errors are perfectly 
correlated, the percentage error bounds on a summed 
estimate are the same as those on an individual 
estimate . 

then 
If the errors in two estimates are uncorrelated, 

I 

I 
I 



or 

In words, for uncorrelated terms, the variances are 
additive rather than the standard deviations. Further, 
if the variance is proportional to the square of the 
discharge, the coefficient of variation of a summed 
total of estimated discharges may be expressed as, 

c (Q ) : - 1 + C 2 (Q.) * K ...; ~ 
v k Vk v 1 

where 

k 

Qk • L Qi 
i = 1 

K reflects the coefficient of proportion-
ality in cri = K 2 Ql , 

* Cv(Qi) is the coefficient of variation of the 
series of discharge values. 

* If Cv(Qi) is ver~ small, then 

* K 
Cv(Qk) = '"{k 

Therefore, the percentage error bounds on a summed 
estimate are a function of the percentage error 
bounds on a single estimate, the number of estimates 
summed, and the variability of the estimates. 

If the errors are uncorrelated, but the variance 
is constant, then the coefficient of variation of a 
summed total may be expressed as 

C (Q) .. cr Vk 
v k Q 

k 

where cr is the constant standard deviation. 

Now, if there is assumed to be a true stage­
discharge relationship at a station for a sufficiently 
long period of time to establish a regression equation 
for the rating curve; and if this single rating curve is 
utilized to estimate a series of discharge values, then 
the errors of the individual estimates are perfectly 
correlated. As shown above, the error bounds for 
the summation of the ser ies is identical to those for 
an individual estimate. This situation may be ex­
pected to exist for the estimation of summer flows 
at the mountain stream stations. 

In the case of winter or low flow estimates, 
each daily estimate is often treated individually by 
use of the rating curve, flow measurements, tem­
perature information, and inferences from nearby 
stations. As a result, the errors from day to day 
are virtually independent. Further, the absolute 
error bounds may be expected to be constant for the 
low flows . Therefore, the relative error bounds on 
a summed estimate.are influenced by the number of 
estimates summed, their absolute values, and the 
constant absolute error bounds. 

When the true stage- discharge relationship 
undergoes a process of random shifting about a mean 
relationship, t he errors in individual discharge esti­
mates may be expected to be highly correlated, al­
though not perfectly. The correlation becomes a func ­
tion of the nature of the shifting and the variability of 
the parameters of the relationship. When the varia­
tion of data about the rating curve is due almost en­
tirely to measurement error, then the action of shift­
ing can be neglected, and the errors of estimate con­
sidered to be perfectly correlated. 

For the case when a shifting, rather than a 
single, rating curve is employed for estimating a 
series of value,s , the errors may be more or less 
correlated depending on the difference between the 
assumed and true shifting of the stage- discharge 
r elationship. Such a curve-shifting procedure is often 
used in practice. Unfortunately. for this case, it is 
impossible to estimate either the correlation between 
errors in individual estimates or the error bounds on 
the summed estimate. They may be smaller or 
larger than the dependent situation would infer. 
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4. 3.4 Monthly discharge estimates 

For stabl e mountain stream sections, it is 
assumed that for the summer months, there i s a true 
stable stage- discharge relationship. Further, a 
single estimated rating curve is used to estimate all 
mean daily flows . As a result, the errors in the 
daily estimates are perfectly correlated. When a new 
measurement is added to the curve, and the entire 
curve is refitted, the correlation between the errors 
before and after the change will be slightly less. 
However, as the one point is only one in many, the 
errors are still virtually perfectly correlated. There­
fore, the error bounds on a summer monthly discharge 
estimate are equivalent to those for a single mean 
daily estimate. 

Winter or low flows which are treated as indi­
viduals, however, may be considered to be uncorre­
lated. Further, the absolute error bounds on these 
low flows have been assumed to be constant, and 
equal to ± Xs Q0 , where Xs represents the percentage 

error bounds on a single summer estimate, and Q0 
is the divisive discharge value. Therefore, the per­
centage error bounds on a winter monthly estimate 
may be represented by ± Xw , where 

± Xs QD -..{30 
30 

L Qi 
i= 1 

It can be seen that although the relative error bounds 
on winter mean daily flow estimates may be consid­
erably larger than those on summer daily estimates, 
a winter monthly estimate could be better than a 

30 ... 
summer estimate if the term L Q

1
tQ0 is greater 

. i= 1 
than "'{30, and the errors are uncorrelated. 

In practice, the summer monthly estimates 
might be expected to be somewhat better than the con­
fidence limits would indicate, if less than perfect 
correlation existed between daily errors. On the 
other hand, winter monthly estimates may not be as 
good as t he independent and constant variance assump­
tions would yield. However, since the actual 



correlation between daily errors cannot be deter­
mined, there is considerable value in studying the 
bounds and when they might be expected to occur. 

4. 3.5 Annual discharge estimates 

From the previous discussion about daily and 
monthly discharge estimates, the assumptions are 
maintained that all summer flows are predicted from 
a single curve, but the winter flows are treated inde­
pendently. Then the error bounds on a total summer 
discharge estimate are equal to those on a single 
s ummer daily estimate. The error bounds on an 
a nnual estimate are perhaps most clearly illustrated 
by a simple example. 

Consider summer flows to (i) occur six months 
of t he year (i. e. , 50 percent of the time) . (ii) exhibit 
errors in daily and monthly flow estimates that are 
perfectly correlated, and (iii) have error bounds for 
a single discharge estimate of ± Xs percent. For the 

winter flows, consider them to (i) occur the other s ix 
months of the year, (ii) be characterized by errors in 
daily and monthly estimates that are uncorrelated, and 
(iii) have absolute error bounds for a single flow esti­
mate of ± Xs ~· where Q0 is the divisive discharge 

value. Then the following statements can be made: 

The relative error bounds for a total summer flow 
estimat e are ± Xs. 

The relative error bounds for a total winter flow esti­
mate are 

The absolute error bounds for the total annual flow 
are 

* where Q is the estimate of total summer flow. U 
* s * Qa represents the estimated annual flow; and Qw 

represents the estimated winter flow; and Rs / , 
* ~· a the ratio of Qs to Qa, is of the order of O. 9, then the 

following statement can be made: . 

T he relative error bounds for a total annual flow esti­
mate are 

which is approximately ± 0. 9 Xs . 

It is evident that the errors in winter flow esti­
mates play a negligible role in the e rror of estimate 
of total annual flow. 

On the topic of annual discharge estimates, it 
is interesting to consider another possibility. If the 
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annual estimate were based purely on the summer flow 
r ecords and a predicted val~e of the ratio between 
annual and summer flows, Ra/s, then the equation 
could be written, 

Further, 

* * where R I and Q have been assumed to be inde-
a s s 

pendent, and a product term involving the two vari­
ances has been considerd to be negligible in relation 
to the others. Then the relative error bounds on an 
annual estimate would be, 

:t.-\/x~ +C"(R 
1

) 
s v a s 

It can be seen that if the ratio, Ra Is , could be pre­

dicted very accurately, either by use of a mean value 
or a correlation with similar ratios at downstream 
stations, then the r elative error bounds would approach 
± Xs . 

Although these latter bounds will be larger than 
those for the estimate on a full year of record, the 
increase i s not very large for mountain streams where 
such a high percentage of flow occurs in the summer 
months . In fact, if only annual flow estimates are of 
importance at a station, the question arises whether 
costly winter measurements, maintenance of records, 
and analysis, are justified for such a small increase 
in accuracy of the estimate. In such cases, it might 
be more important to improve the estimation of 
summer records and forget about regular field work 
in the winter. At least the methodology given above 
affords an approach to a study of the possible increase 
in the accuracy of estimating annual flows by maintain­
ing winter records versus the cost of such maintenance. 

4. 3;6 Flow estimates i n general 

The discussion presented on the accuracy of dis­
char ge estimates has been rather general in nature 
and based largely on the correlation between errors in 
single estimates. Whether or not the assumptions 
made are strictly applicable to a particular case, the 
approach is considered to give valuable estimates of 
the magnitude of the error bounds which could be ex­
pected. The one point that becomes very clear i s that 
the use of a single estimated rating curve to make 
daily flow estimates maintains all estimates at a simi­
lar degree of accuracy. It infers that an annual or 
monthly estimate cannot be expected to be any better 
than a single estimate. If the curve has very narrow 
confidence limits, this result is not serious. How­
ever, if the limits .tend to be wide, it is important .to 
make many more f1eld measurements to better esh­
mate the stage-discharge relationship and to reduce 
the correlation between errors. 



CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

From the results of this study of the accuracy of 
stream discharge determinations, a number of con­
clusions can be drawn. They are grouped below 
according to the type of discharge determinations for 
which they are applicable. It i s important that each 
conclusion is considered in its particular grouping. 

In general: 

(i) The error in a discharge determination 
lends itself to a detailed analysis and classification of 
the component errors, their nature, and a considera­
tion of their relative importance. Such an analysis 
and classification is an aid to the understanding of the 
problem of errors, and serves as an excellent basis 
for both theoretical and experimental investigations. 

The development of the hypothetical mathe­
matical error model for a single discharge measure­
ment on a mount ain stream reveals that: 

(ii) Oblique currents, and their variability in 
time, can be a major contributor to bias in a point­
velocity measurement. 

An analysis of the effect reveals that there can be a 
bias in the measurement even when the mean oblique 
angle is zero. The bias increases as the angle, and 
its variance, increases. In general, cup- type meters 
may exhibit a positive bias due to obliquity•and pro­
peller-type meters exhibit a negative one. Screw­
type meters must be studied individually. 

(iii) The method of sampling the vertical distri­
bution of vel ocity can also contribute to bias in a 
measurement. The common one- and two-point 
sampling techniques give biased estimates of the mean 
velocity for parabolic, elliptic, logarithmic, and hy­
perbolic velocity distributions. Further, a study of ro­
bustness of these techniques reveals that failure to place 
the meter at the prescrioed sampling points may serve to 
increase or decrease the bias oft he samrling technique, 
depending on the particular velocity dis ribution. 

(iv) The variance in a point velocity measure­
ment, due to sampling velocity in time, is propor­
tional to the square of the expected velocity, varies 
parabolically with relative depth, and is inversely 
proportional to the square root of the measurement 
time. 

( v) For other than low flow measurements, 
the standard deviation of the error in a single dis­
charge measurement, and of the measured discharge 
itself, is proportional to the discharge. 

(vi) Of the component errors considered, those 
arising from sampling both the vertical velocity dis­
tribution and the depth can potentially have the. 
greatest effect on the variance of the measured dis­
charge. Since the velocity sampling technique can 
also contribute to bias, as concluded in (iii) above, 
this phase of the measurement methodology requires 
critical appraisal. 

(vii) Subdivision of a stream cross sectioninto 
vertical sections containing approximately equal dis­
charges is important for minimizing the variance of 
the measurement. The variability of the n partial 
discharge values is a significant term in the variance 
model for a single discharge measurement. 

(viii} T he variation between the velocities in a 
vertical section can be important in selecting a vel­
ocity sampling scheme for minimizing the error in 
the estimate of mean velocity in a vertical. 

(ix) The best measurement technique for a 
particular stream can be determined only after t he 
relative role of each term in the error model has been 
estimated from a detailed study of the stream site. 
For accurate research measurements, such studies 
may be justified and should be undertaken. For 
common stream -gaging practice, mountain streams 
exhibiting similar flow and geometric characteristics 
could be sampled in one manner; and groups of gaging 
sites varying widely in properties could be sampled 
in different ways. 

The study of mountain stream- discharge rela­
tionships, including an analysis of data from nine 
representative gaging stations in the mountains of 
Colorado, indicates that: 

(x) The stage- discharge relationship at a sta­
tion may be expected to remain stable for a relatively 
long period of time. Major shifts of a relationship 
usually occur only after the passage of extremely high 
discharges. 

(xi) Stage and discharge appear to be function­
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ally related as 

where Q is discharge; H is stage; Ho is the stage 
at zero discharge; b 1, b 2 are parameters. Fitted 

rating curves of this form account for upwards of 99 
percent of the variability in the sample data. 

(xii) The least squares fitting procedure, 
applied to the logarithms of the stage and discharge 
values, is a very useful and convenient approach for 
estimating the rating curve for a station. 

(xiii) The concept of a divisiv~ discharge value, 
introduced to divide· the rating curve into two portions 
at a point where the error changes i n nature from a 
constant relative value to a constant absolute value, 
appears to have much merit. For mountain st ations, 
the divisive discharge value also separates the m ean 
daily flow estimates into two groups, each occurring 
about 50 percent of the time. The group including the 
summer flows accounts for approximately 90 percent 
of the total annual flow. 

(xiv) The magnitude of measurement error in a 
single discharge measurement and the degree of 



minor random shifting of a rating curve a re reflected 
i n the coefficient of variation from regression for the 
sample data. The average coefficients for the upper 
portion of the curve are +9. 37 and - 8.40 per cent; and 
the average coefficients are +17, 3 and - 10. 9 percent 
on the lower portion. 

(xv) Summer mean daily discharge values can 
be expected to be estimated within +2,40 and - 2. 33 
percent error bounds, at the 80 percent confidence 
level; and within +3.82 and - 3. 65 per cent, at the 95 
percent level. Mean daily estimates in the winter 
months can be said to be within +8.60 and - 8.34 per­
cent error bounds, at the 80 percent confidence level; 
and + 13.7 and - 13.1 percent, at a 95 percent level. 

(xvi) Future summer discharge measurements 
may be expected to lie within + 12,9 and -11. 2 percent 
of the rating curve values, 80 percent of the time; 
and within +21.5 and -16. 9 percent bounds, 95 percent 
of the time. Single discharge measurements made in 
the winter months can be expected to fall within +47 .6 
and - 39. 6 percent of the cur ve, with 80 percent con­
fidence; or within + 76.9 a nd - 59.6 percent, with 95 
percent confidence. 

(xvii) If a single rating curve is employed to 
estimate all mean daily discharges during the s ummer, 
the percentage error bounds on the total summer flow, 
on each monthly flow, and on each mean daily value 
are equivalent. 

(xviii) During the winter months, when daily 
flows are estimated independently, the percentage 
error bounds on a monthly flow estimate are a func­
tion of the percentage error bounds on a summer 
mean daily flow estimate, and the relative m agnitude 
of the monthly estimate and the divisive discharge 
value. 

(x:ix) The percentage error bounds on an 
a nnual discharge estimate are negligibly affected by 
the errors in winter flow estimates. They are 
a pproximately e qual to the product of the ratio of 
summer to total annual flow and the percentage error 
bounds on a mean daily discharge estimate in the 
summe r months. 

5.2 Recommendations for Future Research 

During this investigation, it has become evident 
that there are a number of areas in which continued 
research would be worthwhile. Topics are suggested 
below under the headings: determination of compone nt 
errors, improvement of sampling techniques, global 
e valuation of errors, and other measurement t ech­
niques. 

'5, 2. 2 Determi nation of component errors 

Because insufficient quantitative information is 
presently available for the determination of the vari­
ous component error functions in the hypothetical 
e rror model, it remains a qualitative one. Further 
field research and analysis would allow the develop­
ment of the components, and render the model a very 
useful tool for the estimation of error in a single 
measurement. The most important component errors 
which require investigation are those arising from the 
effects of turbulence in the flow, and improper s am­
pling of the vel ocity distributuion. Suggestions are 
given below. 

(a) Turbulence and its effect 

The first requirement is the development of 

methodology to measure turbulence i n streamflow. 
After such methods are developed, the effect of tur­
bulence on cur rent-meter regist ration may be prop­
erly evaluated. Also, the level of turbulence in 
mountain streams may be determined in relation to 
measurement positions and flow characteristics. 

(b) Velocity distribution 

Although considerable research has been under­
taken in this area, sufficient detail is not available 
for developing impr oved measurement methodology. 
Field experiments involving continuous velocity 
recording for relatively long periods of time at sev­
eral points in both the vertical and horizontal direc­
tions at stream s ites are needed. Such investigations 
would yield excellent information regarding the distri­
bution of velocity, and both its variability in time a nd 
area. Knowledge of these aspects would be invaluable 
for evaluating measurement techniques, and for de­
veloping new ones. 

5.2.2 Improvement of sampling techniques 

(a) Velocity distributuion 

In conjunction with the field studies suggested 
above, a theoretical study is required to analyze the 
data with regard to optimizing sampling techniques . 
If a minimum variance,unbiased estimate is to be made 
ofthe mean velocity in a stream section, further con­
sideration should be given to sampling of the distri­
bution. A fresh l ook at discharge m easuring from the 
sampling point of view 'M>uld be most worthwhile. 

(b) Discharge distribution 

Useful research should be conducted regarding 
the distribution of dischar ge in various shaped cr oss 
sections, and with r espect to the best ways of dividing 
the section for measurement purposes. Further, a 
study of the error induced by a changing stage could 
be undertaken by an analysis of the distribution of 
both the discharge and the percentage changes in par­
tial discharge per unit change of stage. 

5. 2. 3 Global evaluation of errors 

In the i ntroduction, the experimental approach 
was suggested as another method for evaluating the 
total or global e rror in discharge measurements. The 
detailed analysis presented in this investigation would 
serve well as a basis for extensive field studies, in­
voling the comparison of various gaging t echniques 
employed by different field t eams at controlled gaging 
sites. In the light of the analytical approach, the 
experimental investigation could clarify and extend 
evaluation techniques. As considerable equipment and 
labor would be involved in s uch a s tudy. it is suggested 
that it would be best handled by a large agency that is 
equipped and has had experience in the field. 

5.2.4 Other measurement techniques 

Other techniques, such as those involving dye 
dilution and the use of equal velocity contours , should 
be studied with regard to accuracy and cost. If, in 
comparison with present methodology, other measure­
ment approaches prove to be considerably more accu­
rate, they should be adopted for use, particularly 
.where improved accuracy i s demanded. Even if t,he 
cost of new techniques is considerable, it may well 
be justified by the increased accuracy for such studies 
as the evaluation of weather modification attainments . 
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model; R•Unc aJrve; Oht •lve diacba.rge; Contldence limJts; Correlation.. 

!~:~i:~~ m~~ ~~';,.C::;~:t'n't;!~e~':n~ w;:..to;::t:l~e s~~r:!:o:: e~:c!rmwa:r:•c~~:t:lbdc!!.~::::J~~:e::er-
c lauU1ct.Uon of the•e •ourcee, IJ:tcludlna notation~~ on the nature of the reeuJU"i errors. w&e prepal·ed. 
A mathematical error model for ll sfnc.le di1chara:e mea•uremont has been hypolheatte<l. llnd methodology 
pre.aented for U1e evaluation of da.U,y. monthly. a.nd a nnual ditehar.-e e.!lltimatea. 

An exhau.!rtlve Uterature review wu undertaken reprd.Jna both the qualitative and quanUt.aUve &aped.s 
ol the topic. Tbla mat•rtaJ .,.... sor ted In an attempt to dh1.de the total error In a d1aehar1e determination 
ial.o varfioua eompoDII!.nl errora. Each component wae ana.lyz.ed aepa_rately, and wlth !"'!&ped t o tbt others, 
in order to yield info:rm411.tton about the random or ayst ematlc nature o f the e rror, and about po•alble fuoe-­
Uona) retatlon&hips >ahlch lnlaht be 1nvoh·ed. Thla information has been 11ummarl"%ed t.o the form of a cla•alti'* 
c;~Uon of errors. 

Upon the foundation de velo·ped in the flrat pbaa-e. a. h)'pot.hetieal err or model wu developed for a aiocle 
dlachara• meaeureme.nt.. No attempt haa been made to nrwler thta model a precUcal workt.ng tool. Rather. U 
wu eaeentlally a qualUattve .. ftdertU.lnc to reveal the manner of combi.natlon of the varlou.a component er.rora. 
and to clarify the netu r~ of aatn;e o.f t~ ~rron. The expected v&lne and v&rlaoc:e o f the model wel"e etudled 
1,_ ordl(!rUut ln!e-re-MIIte C'OVld be made rt!!·cardlnc th.e .tlcnlOcan' error tcrme. 

FlnaU7. cont:lderaUoa ..., gh~a to ' be trron: arl•tnc from ue~ of an fltlmattd Fatt.na cutw!. A 
mathematical ~preaen\aUon ....._. fiven to the- •t.ac:e-<Uac:tla.rce relationship and found to a ccount for virtually 
all Lhoe var tabiUty in aample d.au fo r nlae mounta in atnun-cactnc ata.tlona tn Colorado. The concept of a 
dJ.vtalve dhc:ha..rtf' valve we.t tr.trodu~ed to ttp.arate the ratt.n, cu r ve i nto t wo portlon.e: one r.lona which the 
rela,lve error eru -.1r1uaU1 cocnanc; and tht- ot.JM-r alone wt\Jth th.e a.b.alutc error t'em.&lned c:on..tant. .Botb 
col\l'ldeoce aAd toll!'ra.ax:~ llmlta W'l!re ~•tUUf.hM for \h~ ~.Omated Clllr vtoa. &act ~•ed tor lnferenc:ea re~ardina 
thl!' error bounds on d&U7 4iacharce esUma·te • Nld f-.;otur e dlacl\.8,...-t!! ml!'~,.&nNitl, After coMickraUon ... 
,-h~n to the eorr e-laUoo M't~,." erroN ut elrtCle di• cbart"" e.-.lmate·•. co~lu.elona were d r awn reaardlnc the 
mac nJtude o f the error boun-ds Oft monthly a.nt! ~al dhdo~e e•Hr.-ates. 

Ker Worda: Hydroloo: Errore; Oiachu ·ce dtrt~rminatlom.; Mounfa.la lftn ·ama: CtualfkaHon; )lta\1\~maHc-.aJ 
model; Rattnc curY•: 01v11tv.: dt•charge; Conlldent'e llmll•; Correlation. 

!'l:~i:~~ m~! C:,';!:!!:::lr"t:~~~?. •;.'';,o-::~e .-=..:~-::,• et::!rm;:~~!;:",:~dc-:.~:;!t~:~ter-
c:IQilflcatton of theM aou~e•, includ1GC nocatlom~ on the n.ture or the re•uhlfW errors • .-.. .,...epared. 
A ma\hl(!lnatleaJ error model for • al.,.,le dt•charce meaau_rc:ment ha.e be-en. hypothulz.ed.. and methodolOC" 
pn"s.ented for the ~.-alvaHon of claily. moothl.)'. and annual dJecharee eatimate e. 

An ewuotl~ llttraturc review waa undert&llen reJardlna both the qualitative and quantlt&tl\16 u peda 
of the topic:. This matel"lal wa.a eorted In a n attempt to dtvlde the total error In a diacllar1o de termination 
Into va.r1oua component errora. E ach component was onalyl.ed nparately, and with reepect to th.e others, 
In o .rde r to 7leld information &bout the ra.ndom or ayatema.tlc nature of the erro·r. and about pO .. t.ble fu.nc­
Uonal r elaUon.ahips tllblch mlc:bt be lnYQ.Jved. Thfa inlormallon has been eummarlzed In the form of a clualQ• 
e:a:tion or errore. 

Upon the toWld.atlon developed ln tbe t1rat phue. a hypotheUcal error model •- developed tor a Bln&:i£ 
di.acb&.rle meuuremenL No auempt h.aa been made to render thte model a practical working tool. Rathe r. tt 
wQ et~lentta.lly ~ qualitative undertakln& to reveal the manner of cornbinallon of the vartoua component e r rore, 
and to cJerUy the nature or •ome or the erron. The expec1ed value and variance or the model were atudied 
in order that lnlerencee could be made reeardhll the s lgnUicant er ror terms. 

Fln.a.l.l.7. c onsideration waa 1ivea to the errore arielnC from uae of an ••Umat ed r-&Unc curve. A 
r:na:thematlcal repreaeotatlon wa.a riven to the atace-diec.harae relaUoaahip and found to account tor v·Srtually 
all the vulabUUy in •ample dat·a for DlJZ mountaia etr e-a.m-cactnc •tattoo ln Colorado. The cooc-ept ol a. 
dh1.elve dJeeharge value wae Introduced to eeparate the ratlnc curve lato two porUona: ooe atone whlc:h Ute 
relative error waa virtually corq;tant; and the other along wbic:h the ab&Ohrte error rema!ned c.on111nt. Bolb 
confidence and toleranc:e ltmtte wer e eatabli•hed ror tb.e e atlmated cur't'e-•. and u.eed for lnterenc.ea r ·eaard.inlf 
the error boundl!!l on dally d!•eha.rae eatlmatelil and future dlec.harce meaauremente. A.Rer eona lderatlon waa 
gtven to the eorrelatlon between errore Ln eluate dil!!lcha rge uthnatee, concJuelont were drawn recardtng the 
ma.nUuda of the ~rror bound• on u1onthly and annual dlacharae eatimate1. 

Key Worc:la: HJtdroloc:r; E-rror•. Dlleharce dctRnninationa: Mountain •tr-ea~ns; Claaaltl~atlon: Math~m•tlcal 
model; Rating C\lrve; Dlvlal....r dlsctt•ra:t': Col\fllltenc:e Umlta; Correlation. 

Ablltract: "n\e objacUvf! o! thla atudy wa.a to Bnalya.e the errors 1hat may be t.neurred In discharge deter· 
mlnatlons made on mountain atreame. The po&.fillb)e aource• or €lrror were earefully cone ide red and a 
claaelfication of theae sourc~a, lnc:ludlna- notattona on the nature or the rc.iuiUnc error., was prepa.rt!d , 
A malhema&h:=al error modd for a a1n1le dhchar•e mnaul"'f:rnent hU been hypotheet&ed. an(! l"nethodoioaJ' 
pl't!!aented Cor the eval\lahon of daJQt, monthly. aDd annual diadlarce e~lmates. 

An exhautllvc llteraturt review wa.s underfake.n rt-cardi..ofJ both the qualitative aod qgantltatiw: .. pecta 
or the topte. 'Tbla material .,... aorted ln a.n attempt to dlvlde the tot&l error in a d:lach.ar,e de-termination 
into variou.a c:omporwnt errore. £ach cOmponent wu anal,y&ed sepa_re.tely, and with re.pect to th~ othera, 
in ord~r to yield Information about the random or •t•tematic nature of the error. and &bmlt pos&ible func· 
tiOMl r e Jatlonahlp• wtllch might be involved. Till• tn!ormaUon hu been .summarized ln the fol'm of " clUIIU­
caUon of errora. 

Upon the foundation developed in tbe finJt pbue. a hypothetical error model Wll developed for a al,.le 
cHacharae meuurement. No attempt h.aa be-en made to render thts model a practical wo·rklng tool. Rather. U 
w-.a esaenUall;y a qualitative underta.klne to reveal \.he manner of comb1n.aUon of the va.rlou• compooeat errors. 
lnd to cla.r U,. the n&t'u.re of aome or the errorS. The expected .a1ue and variance of the model we~ et11dled 
In order that lnlereneea could be made rqar<lin.r tbe •l.cniticBDf. error term•. 

Finally. conelderaUon wu atven to the errore arlalng !rom uee or an e •ttm•ted ratlr'l curve-. A 
mathema tical rept•eaentalion wu atvcn to the 8ta.lle-dl.echarge relaUorwhlp and found 10 account for vlrtuolly 
aU the varlablllty ln eample d.ala tor nln~ mountntn ltrellm- gaglog ata\Jona i n Colorndo. The coneept ol a 
dlvtalve dla c:ha.rgc value was introduced to tiepa.rate the r atlnc cu rve Into two portions: one along Whlch the 
reJattve erro-r wl.l vtrtuall:y conatant; and the other along 'Nhich the t.biOlute er-ror remained constant. Both 
contldenc-~ and tote ranee llmn• ~re eatablilhed tor \he eaumated cu"ea, and u.sed for htlerencea recordtnc 
lhe error "bovoda on dally discha~e e athn-.tes an.d future d.lscharce meaauremen:ta. Al\er conalde"'Uon .,... 
Clven to the c-orre1alloo between error. ln single dJIC'hal"le eatimate.e, conclusiona w('re ctrawn regardlna th~ 
rn•anitude ol the- error bounds on month1y and annual dlacharce eetlmatee. 

PC!7 Words; HydrolOC)': £'1-ron; Olac:huye determlG&tloa.; MouDialn a1rf'ame: ClaJil:etnC'atlo n , M•th~matical 
model; Aanoc curve: Oh1alv-e dll<ha.ra« : Contict.ence lim Ill: Corr.Piatlon. 

Ab.tr&ct: The objectl"-' of th.la .-tudy wu to &Da.b'•e t.he erron that m•1 be lneurred In ctlacharae det t-r• 
miMtione made on mou•aJn l&rta.ma. The poe•lbJe IOUrcea of error were e&re-fully caneider ed and a 
cla•eUJuUoa. of theae ICiurce•. t.Ddudinc DOtatloa. Oft the nature: o l the rewJtlac. e-rro·rs. ,.,... pre-pe.rfll .. 
A m.at.hema.Ucial e rror model for a atncle dacharce NMaure.ment he• bean 1'\)'pothellt.od. a.nd methodoloe.y 
pre• ented for the evaluatlon of dally. monthly. aod annual dlecllar1·• eatlmatea. 

An ~i:h6.U-6Uve Uter a:ture review waa uadertakea regardlna both the qualitative a nd qua ntitative upecta 
or the t·opic. 1bil material wa• e orted in an attempt to divide 1ha. total error in a dlacharre determtnaHon 
into varloue component err Orlil. Each component wu analyze:d eeparately, ond with raapect to the othera, 
tn order t o yield in!ormatlon about the random or eyltemaUc uture of the error, and about poas ible rune· 
tlOM.l relaUouhlpl Mtieh mlcbl be lnvol...ed. Thle inlormatloa hu been aumma.rt.zed ln Ott! form or a claeeffi ­
eatloo of errora. 

Upon the (ound&Uoa developed ln the ant pbue. a hypotheUeal error mode.l wa• deYe!oped tor a ai,.Je 
diac:ha.rce meuurement. No attempt hu been made to rend~r thla model a pnctJcal wortdl.tc t ool. Rather, It 
wt.e ea1tentiall7 a quaUtallvl!l unde:.r.talttnc to l"e veallho marmer of comblM.tion of tile- va rlO\UI component arror•. 
end to c larity the nature of IJome of the error a. The expe~ted value and var iance ot the mod:e1 w"re atudlad 
In order that lnlerenc.ea could be m ade retarding the elgn.iftcant error term•. 

Finally. conatderauon waa ctven to the errore arJetnc from u•• of an estimated ratlnc curve. A 
mathematical repre•en.tation wu alven t·o tbe etac;a-dl• charae r@lattonehtp and found to account for .trlua Uy 
aU the v·a.rtabllltyln •UI"'ple data for nine mouatata atream-,..tnr et&Uone ln Colorado. The concept of a 
dlvtatft dl•~Charf• value wa.e lnt.roctueod to aeperate the r atlnc curve lnt.o two portlooe: ooe alon.e which the 
r-ela1lve error wa• virtually conatam: and tbe other alone which the ab.ohrte error remained eon•tant. 8ot.h 
confldeoc:e and tolerarx=e llmlt. were e•t•b:U.bed for the estimated curvea, and ue~d ro·r interenct-s reaardll\l 
the error bouocle on dally d1ach.ara:e utlmates and ruture dlacharse meaeureme.nts. After conalderaUon wa• 
1lven to the c.orrelatlon between e r ror s In •Ingle d.Jacharre eatlmatea, conclualon.s were drawn rftJardJng the 
macnttude o.f the err o r bounds on monthly and annual dl• cha_rge e&tlmatee. 


