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contains less than 12 ppm of chloride, and water from 
the western part seldom contains more than 30 ppm. 
On the basis of concentration-discharge relations and 
data obtained prior to the discovery of oil, the natural 
chloride concentration is assumed to be 12 ppm in the 
part of the Walnut River upstream from Augusta (A1-
A7, figs. 1 and 2) and 20 ppm in the part downstream 
from the confluence with the Whitewater River (A8-
A11). The assumed values are sufficiently accurate for 
illustration of the method; however, they may be 
changed slightly as a result of studies now in progress. 
Application of the method to data collected on Novem
ber 1, 1962, at sampling station AS in the water-quality 
study is presented in table 2; the results of similar 
computations for all ·river sampling stations are illus
trated on figure 2. 

The utility of the method described is based on the 
assumption that the chemical analyses, sampling pro
cedures, and discharge measurements adequately de
scribe actual field conditions. Discharge measurements 
and chemical analyses are considered to be accurate 
within 5 percent, but other variables are difficult to 
evaluate as precisely. Slight errors in any of the varia
bles could cause apparent inconsistencies in the results. 
For example, the computed loss of about 1 percent of 
the tonnage of total dissolved solids ascribed to brine 
in the reach between Douglass and Winfield (fig. 1) is 
well within the limits of accuracy for the method. 

The ratios of the constituents of brine polluting a 
particular reach or tributary may not conform to the 
computed ratios because of isolated and pra-ctically in-
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determinate anomalies in the distribution and charac
teristiCs of the sources of brine. However, expected 
variations from the weighted mean are commonly mi
nor. For example, the standard error of the sodium/ 
chloride ratio (0.5105) determined from the 45 avail
able analyses is only 0.008. 

Inaccuracies in the assigned value of natural chloride 
concentration may affect adver.sely the results for sites 
in the basin where the natural concentration of chloride 
constitutes a large proportion of a low concentration 
of chloride. However, under .these conditions such 
error is insignificant because the tonnage attributable 
to oil-field brine carried by the stream would also be 
low. 

Bicarbonate and minor constituents of the brine are 
disregarded in determining the magnitude of the brine 
component in the samples of the Walnut River water. 
The concentration of bicarbonate derived from brine is 
probably insignificant when compared with that de
rived from contact with calcareous rocks, the soil, and 
the atmosphere. Generally the concentration of the 
other disregarded constituents of brine is extremely 
low. 

This study shows how analyses of water samples can 
be used to determine the percentage of the dissolved
solids load that oil- field brine contributes to the Walnut 
River, Kans. On the basis of preliminary data, oil
field brine accounted for about 40 percent of the dis
solved-solids load downstream from the confluence of 
the Walnut and Whitewater Rivers at the time of the 
survey described in this article. 
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COMPUTING STREAM-INDUCED GROUND-WATER FLUCTUATION 

By M.S. BEDINGER and j. E. REED, Little Rock, Ark. 

Work done tn cooperatlcm wlth the U.S. Army, Oorpa otJDnglneera 

Abstract.-Ohanges in ground-water level induced by a fiuc· 
tuating surface-water :boundary can be analyzed by separating 
the surfnce-wnter stage hydrograph into a sequence of steady 
stages separated by instantaneous changes. ~ach change in 
ground-water level is considered to be the net effect of antece· 
dent changes in surface-water stage weighted according to the 
drain function. 

In places where surface water is hydraulically con
tinuous with ground water, changes in the stage of a 
surface-water body commonly are the principal cause 
of water-level fluctuations in nearby wells. Ferris 
(1951), drawing from analogous expressions for heat 
flow, developed mathematical equations .relating the 
amplitude of sinusoidal stage changes in a surface
water body to the amplitude of the corresponding water
level changes in the adjacent ground-water reservoir. 

Except for surface-water bodies affected by tidal 
forces, sinusoidally fluctuating bodies of water are rare. 
A method is presented here for analysis of ground
water fluctuations induced by either sinusoidal or irreg
ular surface-water fluctuations. In this method the 
surface-water hydrograph is generalized as a sequence 
of instantaneous changes separating ·steady stages of 
equal duration. The effect of each unit duration of 
surface-water stage on the ground-water level at a spe
cific location is analyzed separately. The changes in 
ground-water level are then considered to be the alge
braic sum of the effects of independently acting ante
cedent changes in surface-water stage. The latter sum
Jnation is based upon the principle of superposition 
which, in turn, is valid only if ground-water flow is 
described by linear differential equations. The proce
dure used is taken from the method developed by Lang
bein ( 1949) for the computation of soil temperatures. 

Consider an extensive uniform aquifer bounded by a 
stream. If a change in the amount of water stored in 

the aquifer is proportional to and instantaneous with 
the corresponding change in ground-water level, the 
change in ground-water level induced by a change in 
the stage of a surface-water body from one steady stage 
to another is described by the following equation (Stall
man, in Ferris and others, 1962, p. 126) : 

% 

s=so [1-~s:~ e-"
2
du]=s0 D(u),., (1) 

where u2=x2S/4Tt or, in U.S. Geological Survey units, 
u2 =l.87aPS/Tt; w is the distance from the surface-water 
body to the point at which the amount of head change, s, 
is to be determined; so is the abrupt change in surface
water stage at t= 0; t is the time since the change in 
surface-water stage; and T and S are 'the coefficient of 
transmissibility and storage, respectively, of the aquifer. 
D ( u) h replaces the quantity in brackets and represents 
the drain function of u for the constant-head situation. 

For leaky artesian aquifers, the following expres
sion, developed by Han tush ( 1961, p. 79) with symbols 
changed to conform with Survey usage, applies instead 
of equation 1 : 

where P' and m' are the permeability and thickness 
respectively, of the leaky confining bed, cerf represents 
the complementary error function which is the same as 
the drain function of u for the constant-head situa
tion [D ( u )h], and the other symbols are as defined 
previously. 
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FIGURE 1.-Graph of equation 1, showing change in ground-water level in response to an instantaneous change in river level. 
Symbols are defined in text. 

The following procedures, although applied in this 
article only to equation 1, may be applied to equation 2. 

A graph for the solution of equation 1 is given in 
figure 1, where the ratio slso is plotted as the ordinate 
and l/u2 as the abscissa. Because s/so is a function 
of time, the graph illustrates the fluctuation in ground- · 
water level in response to a permanent change in sur
face-water stage. 

To implement the method presented in this article, 
we must know the separate effects of a change of one 
time unit during subsequent units of time. Consider 
a point 2,500 feet from a river in an aquifer with a 
ratio of transmissibility to storage of 5.84 X 106 gallons 
per day per foot. Arbitrarily choosing 1 day as the 
time unit we find this corresponds to 1/u2 = 5.84 X 106 I 
1.87 X 6.25 X 106 = 0.5. Values of 1/'u2 and D ( u )h, for 
the first 12 units of time, are listed in columns 2 and 3, 
respectively, of table 1, and identical values of D ( u )h, 
each offset by 1 time unit, are listed in column 4. The 
differences between the fourth and third columns, listed 
in column 5, are the coefficients of the distributive 
effect of a change of 1-day duration. For example, a 
rise in river stage of 10 feet at time 0 will effect a com
ponent of rise of 10 X 0.046=0.46 foot the first day, 
10 X 0.111 = 1.11 feet the second day, 10 X 0.091 =0.91 
foot the third day, and so forth. 

Next, consider the changes in ground-water level at 
well A-4, 1,700 feet from the Arkansas River in Jeffer
son County, Ark. The transmissibility of the aquifer 
at well A -4 was estimated from the lithologic log to be 
108,000 gpd per foot. The coefficient of storage from 
pumping tests in the area averages about 0.02. The 
value of 1/u2 for 1 day equals 1.0. The drain function 

· of u for the constant-head situation, D ( u )h, read at in
tervals of 1 day was used to determine the coefficients 

TABLE !.-Coefficients of the distributive effect for changes of 1-
unit duration 

[Symbols explained ln text] 

D(u)A offset by Coefficient of 
Time, ln days 1/u' D(U)A one time unit distributive 

effect 

(1) (2) (3) (4) (5) 

1------------------ 0. 5 0. 046 0 o. 046 2 __________________ 
1.0 . 157 . 046 . 111 3 __________________ 
1.5 . 248 . 157 . 091 4 __________________ 
2.0 . 317 . 248 . 069 5 __________________ 
2. 5 . 371 . 317 . 054 6 __________________ 
3. 0 . 414 . 371 . 043 7 __________________ 
3. 5 . 449 . 414 . 035 8 __________________ 
4. 0 . 479 . 449 . 030 

9------------------ 4. 5 . 505 . ,479 . 026 10 _________________ 
5. 0 . 527 . 505 . 022 11 _________________ 
5. 5 . 547 . 527 . 020 12 _________________ 
6.0 . 564 . 547 . 017 

of the distributive effect s4own in column 5 of table 2. 
The daily component of rise after the twelfth day of a 
change in river stage is small and was neglected. The 
daily change in water level at the given point was 
therefore computed as the net effect of the preceding 12 
daily changes .in river stage, each weighted according 
to the coefficients of the distributive effect. 

Figure 2 shows hydrographs of the stage of the Ar
kansas River at Pine Bluff, Ark., and of the measured 
water-level fluctuation in well A-4, based on daily 
readings of continuous recorder·charts at 1 a.m. Using 
the coefficients of distributive effects for well A-4, 
shown in table 2, and daily changes in river stage at 
Pine Bluff, daily water-level changes were computed 
'for the location of well A-4. The computed daily 
changes, shown as circles in figure 2, agree closely with 
the measured fluctuations of the water level in well A-4. 
The differences probably represent variations in accre
tion to the aquifer and in hydraulic diffusivity. 
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FIGURE 2.-Hydrographs of (1) the stage of the Arkansas River at Pine Bluff; Ark. (below), and (2) measured water-level 
fluctuations in well A-4 (solid line) and computed stream-induced water-level fluctuations (circles) at the location of 
well A-4 (above). 
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TABLE 2.-Coefficients of the distributive effect at the location of 
well A-4 

[Symbols explained in text) 

D(uh Coefficient of 
offset by 1 distributive 

Time, in days 1tu2 D(uh time unit effect 

(1) (2) (3) (4) (5) 

} __________________ 
1 0. 157 0 0. 157 2 __________________ 
2 . 317 . 157 160 3 __________________ 
3 . 414 . 317 . 097 4 __________________ 
4 . 479 . 414 . 065 5 __________________ 
5 . 527 . 479 . 048 6 __________________ 
6 . 564 . 527 . 037 7 __________________ 
7 . 593 . 564 . 029 g __________________ 
8 . 617. . 593 . 024 g __________________ 

·9 . 637 . 617 . 020 10 _________________ 
10 . 655 . 637 . 018 

11----------------- 11 . 670 . 655 . 015 12 _________________ 
12 . 683 . 670 . 013 

The example demonstrated in figure 2 required the 
use of 12 enumerations for each daily change in water 
level. For points farther from the river or with a 
smaller coefficient of hydraulic diffusivity, river-in
duced fluctuations will be smaller in amplitude and will 
occur with greater time lag. At such points the co
efficient of daily distributive effect will be smaller and 
the water-level changes will be significantly affected by 
a longer period of antecedent river stages. Where the 
daily distributive effect is small, the number of compu
tations can be reduced by generalizing the surface
water hydrograph as averages of segments of several 
days' duration. As a guide to generalizing the surface-

water hydrograph, it has been found that satisfactory 
results can be obtained if the effects of each change in 
surface-water stage are distributed over i2 to 15 suc
cessive time units whose coefficients total 0.65 to 0.70. 

The method presented here, because it can be done 
manually, is of advantage where construction of an ana
log or programming for a digital computer is not prac
tical. Although the computations are tedious, the 
method is not unduly time consuming if the surface
water hydrogra ph has been conveniently generalized . 
This method permits the estimation of the TIS ratio 
for aquifers where water-level fluctuations are caused 
mostly by changes in river stage. Also, if the hydraulic 
coefficients of an aquifer are already known, it can be 
an aid in the analysis of complex hydrographs where 
changes in river stage are one of several factors causing 
water-level fluctuations. 
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USE OF WATER-LEVEL RECESSION CURVES 

TO DETERMINE THE HYDRAULIC PROPERTIES OF GLACIAL OUTWASH 

IN PORTAGE COUNTY, WISCONSIN 

By EDWIN P. WEEKS, Madison, Wis. 

Work done in cooperation with the 
Wisconsin GeoZogicaZ and NaturaZ History Survey 

Abstract.-Mathematical solutions derived for hypothetical 
"ideal" aquifers were used in determining, from data on water
level recessions following cessa tlon of recharge, values of T 1 s· 
for water-bearing glacial outwash. The results agree fairly 
closely with those obtained from a pumping test. 

Values for the hydraulic properties of aquifers, in
cluding the coefficients of transmissibility ( T) and stor
age (S), are needed to determine the availability of 
ground water and to predict changes in the hydrologic 
system caused by water-resource development. One 
method of determining these properties for shallow un
confined aquifers entails an analysis of water-level reces
sions following a period of recharge. This method of 
analysis yields a value for TIS, from which T can be 
computed if Sis known, .or Scan be computed if Tis 
known. 

The a,nalysis of water-level recession curves is made 
possible by idealizing the aquifer configuration and 
recharge conditions to the extent that water-level reces
sions may be analyzed mathematically. For the anal
yses, it is assumed that the aquifer is homogeneous and 
isotropic and that the aquifer approximates a simple 
geometric shape, such as an infinite strip, a rectangle, 
or a wedge, that is bounded by streams or by streams 
and impermeable rocks. Recharge to the aquifer is 
assumed to be distributed uniformly throughout the 
area and to occur either instantaneously or at an equi
librium rate (recharge equal to discharge) that ceases 
instantaneously. Despite the apparent restrictiveness 
of these assumptions, many aquifer configurations and 
recharge conditions may be idealized to fit the assumed 
conditions to the necessary degree of accuracy. 

This article describes the analysis of water-level 
recession curves to determine the ratio TIS of glacial 
outwash in the drainage basins of the Plover and Little 
Plover Rivers, in Portage County, central Wisconsin. 
The idealized aquifer configurations and recharge con-
ditions assumed for the determinations include those 
for an infinite-strip aquifer recharged by an instan
taneous slug, an infinite-strip aquifer recharged at an 
equilibrium rate ending instantaneously, and a wedge
shaped aquifer recharged by an instantaneous slug 
(fig. 1). . 

Water-level recessions in five wells were analyzed. 
The recessions followed water-level rises resulting from 
recharge by infiltrating snowmelt and spring rains in 
1960 and 1961. The large volume of spring recharge 
in 1960 could be idealized as an instantaneous slug 
because it occurred over a relatively short time and was 
followed by a relatively long period of little recharge. 
Because in 1961 the water level rose more slowly than 
in 1960 and remained at a fairly constant high level 
for some time before receding, recharge for some time 
immediately prior to the water-level recession was 
idealized as occurring at a constant rate in equilibrium 
with discharge and then ceasing instantaneously. 

The water-bearing glacial outwash south of the Little 
Plover River was idealized as an infinite-strip aquifer, 
whereas that between the Little Plover and the Plover 
Rivers was idealized as a wedge-shaped aquifer. The 
hydraulic boundaries of the infinite-strip aquifer are 
the Little Plover River on the north and the marsh
lands that parallel the Little Plover about 4 miles to 
the south. Those of the wedge-shaped aquifer are the 
Little Plover River on one limb, the Plover and a short 
stretch of the Wisconsin River on the other limb and 

. ' 
U.S. GEOL. SURVEY PROF.. ,PAPER 501-B, PAGES B181-B184 Bl81 



B182 

2o 

29 

ANALYTICAL HYDROLOGY 

R. 8 E. 

Assumed boundary of 
wedge-shaped aquifer 

36 

R. 9 E. 

19 

Assumed boundary of 
infinite-strip aquifer Assumed boundary of 

wedge"sl:laped aquifer 

0 

Pt-361 
0 

Observation well 

Pt-279 
© 

Irrigation well 

25 

2 MILES 

EXPLANATION 

Bedrock contour 
Shows subsurface configuration 

of sandstone ridge; contour 
interval 20 feet 

X 
Sandstone outcrop 

30 

T. 
24 
N. 

T. 
23 
N. 

FIGURE 1.-Map showing location of streams and observation wells and the limits of the assumed ideal 
aquifers used in the recession-curve analyses. 
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an arbitrary arc of constant head assumed to be at a 
radius of 33,000 feet from the junction of the Little 
Plover and Wisconsin Rivers. 

The following equation, derived by Brown ( 1963, 
p. C89), expresses the relation of ( 1) decline in head 
(water-level recession) at a given point in an infinitely 
long strip aquifer which has been recharged instan
taneously to (2) the factors of time since recharge 
occurred, aquifer width, and the hydraulic properties 
of the aquifer: 

h 4 m 1 ( Tt ) . nn -=- ~ - exp- n 21r2 
-- s1n -, 

ho 7r n=l, 3, 5, .•. n 4a2S 2a 

where ho =change in head due to recharge, 
7~ =residual change in head remaining at timet, 
T =coefficient of transmissibility, 
t =time since reqharge occurred, 

2a =distance between streams, 
S =coefficient of storage, and 
:» =distance from observation well to stream. 

In analyzing the water-level recession that occurred in 
wells Pt-366 and Pt-376 (fig. 1) during the summer of 
1960, type curves were prepared by plotting values of 
h/ho versus log10 Tt/4a2S, the values of h/ho being 
obtained by substituting assumed values for Ttj4a2S 
in the above equation. 

Type curves for the same infinite-strip aquifer under 
the condition of recharge at an instantaneously ending 
equilibrium rate were prepared by plotting values 
· Tt 
of h/ho versus log1o 4a2S' the values of h/ho being ob-

tained by means of the equation (Jacob, 1943, p. 566) 

m 1 (n2
1r

2Tt) . n1rx ~ 3 exp- --2 - sin-
h n=l, 3, 5, ... n 4a s 2a 
ho m 1 . nn . . 

:,E -SlO-
n=l, 3, 5, ••. n3 2a 

These curves were used in analyzing the water-level re
cessions occurring during the summer of 1961 in wells 
Pt-366 and Pt-376. 

The type curves prepared by Papadopulos (1963) 
from an integral equation derived by Jaeger (1942, 
p. 532) were used in analyzing the water-level reces
sions in wells Pt-357, Pt-361, and Pt-374. These wells 
are located in the wedge-shaped aquifer between the 
Little Plover and Plover Rivers (fig. 1). 

The water-level data from each well in the study area 
were prepared for analysis by plotting values of h/ ho 
versus log10t. As indicated in the hydrograph for well 
Pt-366 (fig. 2) the increase in head due to recharge is 
equal to the actual rise in water level plus the water
level decline that would have occurred in the absence 
of recharge. The water-level trend without recharge 

was found by preparing a semilog plot of the antece
dent water-level recession and extrapolating the straight 
line best fitting those data. Values of ho and of h for 
various times were obtained by subtracting the extrapo
lated water level from the observed water level. 

The data plots for wells Pt-366, Pt-376, and Pt-361 
matched the type curves almost perfectly. The values 
for T /S obtained by analyzing the water-level reces
sions in these wells are given in the accompanying table. 
As the data plots for wells Pt-37 4 and Pt-357 did not 
match the -type curves, reliable values for TIS could 
not be computed from them; It is likely that the buried 
ridge of sandstone that extends from sec. 2 to sec. 14, 
T. 23 N., R. 8 E., is so much less permeable than the 
glacial outwash that it affects water movement in the 
aquifer and, therefore, the shape of the water-level 
recession curves in these wells. 

Values of T /S determined from analysis of water-level recession 

Well No. Ideal aquifer configuration 
TfS 

(ftl per day) 
Transmlsslb111ty 

T (g~d per ft 1f 
=0.2) 

rnfinite strip, instan-
Pt-366 ___ taneous recharge ____ 1. 8X 105 270, 000 

Infinite strip, equilib-
rium recharge _______ 1. 7X 105 250,000 

rnfinite strip, instan-
Pt-376_. __ tan eo us recharge ____ 1. 4X 105 210,000 

lnfi_nite strip, equilib-
rmm i'echarge _______ 1. 3X 105 200,000 

Pt-36L __ VVedge, instantaneous recharge ____________ 2. ox 105 300, 000 

The values of TIS were multi pled by 0.2, the stor
age coefficient determined from specific-yield data, to 
obtain values for aquifer transmissibility in units of 
square feet per day and by 7.5 to change the units to 
gallons per day per foot. The values of transmissibility 
are somewhat greater than the transmissibility of 140,-
000 gpd per ft determined by a 3-day aquifer test made 
at well Pt-279, probably because of local differences in 
aquifer thickness. The thickness ranges from 0 at the 
sandstone outcrops to about 100 feet in the vicinity 
of wells Pt-376 and Pt-361 and is about 80 feet in the 
vicinity of well Pt-279. Differences in aquifer thickness 
probably also account for the range in transmissibility 
values determined for the several well sites. Transmis
sibility values determined from water-level recessions 
during 1960 in wells Pt-366 · and Pt-376 agree quite 
closely with those from water-level recessions during 
1961 in the same wells. 

Values for hydraulic properties obtained by the 
recession-curve method of analysis are those character
izing an areally extensive homogeneous and isotropic 
aquifer in which the water-level recession would match 
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FIGURE 2.-Hydrograph of well Pt-866, showing the water-level recessions in the summers of 1960 and 1961 and the 
extrapolated water-level trends used to determine the head due to recharge. Datum is mean sea level. 

that observed in the real aquifer. Because of this, local 
variations in transmissibility are masked and the results 
may be somewhat different from those of a pumping 
test at a given site in the aquifer. Values for the 
hydraulic coefficients determined by recession-curve 
analysis are more useful than pumping-test results in 
predicting areal effects of water-resource development, 
whereas pumping-test results are more useful in pre
dicting local effects of pumping in the vicinity of the 
test site. 

The methods described in this report could be used to 
determine the hydraulic properties of aquif~rs in many 
other areas. Much water-level information for aquifers 
throughout the county has been collected during basic
data programs and areal-reconnaissance studies, and 
many of these aquifers are bounded by streams or im
permeable rocks in such a way that they can be idealized 

as wedges, infinite strips, or rectangles. Water-level 
recessions following recharge from snowmelt, torrential 
rains, or irrigation could be analyzed to determine the 
hydraulic properties of these aquifers. 
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TREE GROWTH PROVES NONSENSITIVE INDICATOR OF PRECIPITATION 

IN CENTRAL NEW YORK 

By WILLIAM j. SCHNEIDER and WILLIAM j. CONOVER, Washington, D.C. 

A.bBtraot.-Correlation of tree-ring widths, as measured on 
increment cores taken from coniferous trees, with precipita
tion demonstrates that although the two variables are not 
completely independent, measurements of ring width are of 
little value in determining past precipitation in the humid 
continental climate of central New York. 

Previous studies (Fritts, 1962) have shown that in 
some areas, the rate of growth of trees can be re
lated to hydrologic phenomena, particularly annual 
precipitation. A recent study by Schneider and Ayer 
( 1962) has shown that a change in land use from 
abandoned farmland to coniferous woodland in 1933 
reduced streamflow by 23 percent in the Shackham 
Brook watershed near Cortland, in central New York. 
Accordingly, an attempt was made to relate the rate of 
growth of trees in the Shackham Brook area to !pre
cipitation in order to understand more fully the 
interrelation between tree growth and hydrology. 

More than 100 trees were systematically se1ected for 
sampling. Because the reforestation in 1933 was done 
by planting blocks of one or two species, sampling was 
also done by blocks and species. In each block, a group 
of five trees of a single species were selected arbitrarily. 
Twenty-three groups studied consisted of 7 groups of 
Norway spruce (Picea abies), 6 groups of European 
larch (Larix decidua), 6 groups of red pine (Pinus 
'resinosa), and 4 groups of Scotch pine (Pinus syl
vest'ris). 'J:ree-ring widths, a measure of the annual 
growth of the tree, were measured on increment cores 
taken from each tree. 

Ring widths were compared with the amount of pre
cipitatimi recorded for the period of ring growth. The 
precipitation data used are an average of precipitation 
recorded at two sites in the 3.12-square-mile watershed. 
A ~1ay 1 to October 31 semiannual period, correspond
ing to the growing season, and a May 1 to April 30 
annual period were used in this study. 

Although reforestation was done in 1933, only data 
from 1940 on were used, thereby eliminating the early 
years of tree growth when ring widths tend to be dis-· 
proportionately large. Only increase or decrease in 
ring size as compared to that of the preceding year was 
related to the increase or decrease in precipitation as 
compared to that of the previous year. In this manner, 
the test was kept as general -as possible. 

The sequential probability-ratio test of Wald (1947) 
was used with the following hypotheses: 

Ho: An increase (or decrease) in ring width corre
sponds to an increase (or decrease) iri the total amount 
of precipitation for the period of ring growth (12 
months ending April 30) with a probability p:::::..0.7. 

H1: The probability p of a correspondence is <0.7. 

The type-I error, that is, the probability of accepting 
Ho when H 1 is true, was selected as 5 percent. The type
II error, that is, the probability of accepting H1 when 
H 0 is true, was also selected as 5 percent. The zone of 
indifference-the values of p for which either Ho or H1 
may be selected-is the interval from 0.65 to 0.75. In 
other words, if p, as defined by H 0 , is between 0.65 and 
0.75, we regard it as sufficiently close to 0.7 so that 'it 
does not matter which hypothesis we accept. 

To use Wald's test graphically, the number of trials 
( v) is plotted as the abscissa, and th.e number of "suc
cesses" ( dv) as the ordinate. A "success" is defined as 
a comparison of ring size with precipitation in which 
both showed an increase over the previous year or half 
year, or in which both sho,ved a decrease. A compari
son in which one increases while the other decreases is 
a "failure." If either variable does not change in suc
cessive values, that-trial is not counted. 

The boundary lines, based on the selections of type-I 
error, type-II error, and zone of indifference, are as 
follows: 

dv= 6.17 +0.706 V 

dv=- 6.17 + 0.706 V 
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FIGURE !.-Sequential analysis of relation between tree-ring growth and precipitation for May 1-April 30 periods. 

The hypothesis Ho is accepted when the graph crosses 
the upper boundary. When the graph crosses the 
lower boundary, the hypothesis H 1 is accepted. The 
experiment is continued until the graph crosses one of 
the boundaries. 

The sequential order of the data for plotting was 
determined as follows: For each tree, the data were 
used chronologically. For each species, the order of 
the trees was selected by random process. The results 
of the study for the yearly period May 1 to April 30 
are shown in figure 1. The graphs for all four species 
cross the lower boundary and we therefore accept the 
hypothesis H 1· Results for the study for the growing 
season of May 1 to October 31 are shown in figure 2. 
Again, tlie hypothesis H 1 is accepted. 

This process was repeated four times for each of the 
study periods. In all cases, for each species and each 
period, the hypothesis I/1 was accepted. 

Both figures 1 and 2 show that an increase (or de-

crease) in the amount of tree growth for the study 
periods will correspond to an increase (or decrease) in 
precipitation <70 percent of the time. If the rate of 
tree growth and amounts of precipitation were com
pletely independent, the probability of correspondence 
would be 50 percent. The results, therefore, do not 
indicate complete independence of the variables. On 
the other hand, the results do not justify the use of 
tree-ring widths as sensitive hydrologic indicators in 
the humid continental climate of central New York. 
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