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ABSTRACT

Delaying characteristics of recession flows were evaluated from

Central Arizona watersheds representing mixed conifer, ponderosa pine,

pinyon juniper, grassland, and chaparral vegetation cover types, with

areas ranging from 15 to over 60 square miles.

Basically, slopes of individual recession hydrographs were deter-

mined and used to discriminate the influence of vegetation cover types,

seasons of year, soil moisture conditions and land use.

Based on an analysis of 66 summer and 45 winter flow recession

hydrographs it was suggested that summer flows from grassland watersheds

were different in comparison with those from ponderosa pine, pinyon

juniper, and mixed conifer watersheds. Specifically, slow flow re-

cessions were less sustained for grassland watersheds as compared to

mixed conifer and ponderosa pine. No differences in winter recessions

were detected among the watersheds.

i x



INTRODUCTION

At the beginning of a dry season or periods between isolated

storms, the yield of water from a watershed usually diminishes with time.

During such periods, without further replenishment, most of the water

that reaches down stream users is essentially recession flows. Since

the flow mostly originates from upland areas which comprises different

vegetation cover types and land use patterns, it is essential that

reliable assessment of the flow characteristics of the areas be made.

Such an evaluation will provide a possible basis for comparing different

land uses.

The magnitude and variability of recession flow from a watershed

depends on many factors; generally, it is not feasible to quantify each

of them separately because these factors are closely related. However,

it has been commonly assumed that the flow is less dependent on rainfall

intensity and distribution (Linsley, Kohler and Paulhus 1975), but in-

stead more dependent upon physical storage of a watershed. Since the

flow is more-or-less characteristically steady, it has been a common

practice to represent flows by general mathematical models. A number of

models and methods of analysis have been recognized as possessing advan-

tages and disadvantages (Hall 1968).

To evaluate recession flow characteristics from different water-

sheds in Arizona, a general mathematical model with one constant was

chosen to facilitate comparisons. Assuming that variables due to

1
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evapotranspiration, soil moisture conditions, and land use can be lumped

into the constant for an event of recession flow, their differences

grouped under seasons and vegetation cover types provide a method of

characterizing recession flow from different vegetation cover types.

The study reported herein was undertaken by using mean daily streamflow

data of selected watersheds (maintained by the United States Geological

Survey) located in central Arizona.

Study Objectives 

The purpose of this study was to evaluate different variations

in recession flow characteristics due to vegetation cover types in re-

lation to land use, soil moisture conditions, and seasons of the year.

Specifically, the study objectives can be outlined as follows:

1. establish arbitrary criteria necessary for selection of

recession events of each selected watersheds for subsequent

analysis;

2. represent a general mathematical relation suitable for all of

recession flows selected, and then use the constant of the

relation as a mean for characterizing the distinction between

various vegetation cover types; and

3. compare their values statistically to infer significant

differences.



LITERATURE

There have been a number of studies related to recession flow

analysis, ranging from basic considerations of total flow components to

interpretations, and their applications. Some of the pertinent litera-

ture, directly related to this study, is discussed below.

Recession Equation and Interpretation 

Hydrograph interpretation has been subjected to many studies in

the past, and still represents a popular topic debated in the literature.

Collectively, the problems of hydrograph interpretation are oriented

toward the separation of a hydrograph into its flow components. The

most notable method, and one often considered as classic (Toebes and

Strang 1964), is the one suggested by Barnes (1939). In this method,

the initial step requires an evaluation of the baseflow component, which

is generally believed to be represented by the lowest section of re-

cession phase plotted on semi-logarithmic paper. However, this technique

has been subjected to some criticism (Ward 1961; Kulandaiswamy and

Seetharaman 1969; Anderson and Burt 1980). Other alternative methods

have been introduced, such as the one employed by Hewlett and Hibbert

(1963), and Kunkle (1962).

Without mentioning the aspect of flow components, the equation

proposed by Barnes (1939) is frequently valid to represent recession

flows originating from some watersheds. In addition to this equation,

3
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there are several others that have been proposed, some of which are

tabulated in Table 1. However, they are not as widely used as the

equation reported by Barnes (1939).

Laurenson (1961) reported that recession constants obtained from

graphical analysis can be used to identify flow components; however, the

interpretations are rather subjective (Ward 1961). Brown (1965) inter-

preted recession constants in a different manner. He treated the slope

of recession flows as a variable constant in his analysis. Martin

(1973) proposed another method of characterization of baseflow recessions.

He introduced the concept of the time required for flow to reduce by

half. This can be calculated using values of recession constant derived

from the equation proposed by Barnes (1939).

In the study described herein, no attempt was made to separate

the recession constants according to flow components; instead, fast flow

and slow flow recession concepts were adopted for easy discussion and

interpretation.

Factors Affecting Recession Flows 

While considerable information exists as to the influence of

vegetation cover types and density on water yield, information with re-

spect to recession flow is less complete. Relatively little information

is available to reach conclusions as to the effects of vegetation cover

types on flow characteristics. Nevertheless, it is recognized that

variability of recession flow from densely vegetated areas is apparently

due to the loss of water in meeting evapotranspiration demand (Riggs

1964; Federer 1973). Other than promoting evapotranspiration, vegetation
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Table 1. Recession equations.

Type of function	 Reported or reproduced by

a. Qt = Qo K t 	Barnes, 1939

b. Qt = Qo e -btn Horton, 1933

c. Qt = Qo exp(-at)	 Hall, 1968 (from Boussinesq, 1877)

d. Qt = Qo/(1 + at) 2 	Hall, 1968 (from Boussinesq, 1877)

e. Qt = 1/(at) + Qo	 Indri, 1960

f. Qt = a/(t n) + b	 Toebes and Strang, 1964

g. Qt = a + (Qo - a)K t 	Wicht, 1943

h. Qt = at b Hewlett and Hibbert, 1963

j. Qt = Q 1 exp(-at) + Q 2 exp(-at)	 Hall, 1968 (from Boussinesq, 1904)
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can also affect the rate of movement of water through upper and lower

layers of soil and thus, recession flows.

Even though it has been generally agreed that some portion of

recession phase is independent of rainfall characteristics (Linsley et

al. 1975), there is no general procedure for precise interpretation of

the point of separation. Therefore, in this study, it was assumed that

the recession hydrographs selected are less dependent on rainfall charac-

teristics than on physical storage of watershed.

The degree of water losses to evapotranspiration and streamflow

depends on the availability of soil moisture to sustain the flow.

Furthermore, vegetation cover types, land use patterns, and time of year

determine variability of soil moisture conditions. Therefore, with

time, the rate or characteristics of recession flow is generally dependent

on available moisture storage of the watershed; and this may be different

from one watershed to another because of the differences in degree of

controlling factors (such as vegetation types and land use).

From an analysis of recession constants of all major streams in

Iowa, Howe (1966) concluded there was no major difference in the value

of the recession constant for watersheds having less than 100 square

miles. Therefore, it was suggested that the variability of recession

flow due to area differences is small and may not be important to the

analysis of this study.

Extensive coverage of the concept of increasing water yield from

different vegetation types in Arizona have been presented by Ffolliott
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and Thorud (1974). However, looking at the rates of diminishing flow,

research and demonstration is still required.

Quite possibly, a study made by Brown (1965) was the pioneer in

Arizona to describe in detail recession flow characteristics of the

region. One important finding reported by the author was that the

average slopes of recession flows, grouped under two different major

vegetation cover types, showed a difference in variations; however, no

statistical conclusion was made.



DESCRIPTION OF STUDY AREAS

The study watersheds are located in four different counties in

north-central Arizona, namely Sycamore Creek in Maricopa, Cherry Creek

in Gila, East Fork and North Fork in Navajo and Pacheta Creek in Apache.

These areas are sub-watersheds of the Salt-Verde River Basin drainage

system, which serves as an important source area for state surface water

supply. Sycamore and Pacheta Creeks are tributaries of the Verde and

Black River respectively, while East Fork and North Fork are tributaries

of the White River. Together with Cherry Creek, they all drain into the

Salt River, which flows westward to intercept the Gila River (Figure 1).

These watersheds range climatically from cold humid to dry arid,

depending on their locations, elevations, and seasons of year. Princi-

pally, two distinct rainy seasons are recognized, one in the summer and

the other in the winter.

Summer storms derive their moisture mostly from the Gulf of

Mexico. Local thunderstorms of high intensity and short durations, which

sometimes promote flash floods, characterize summer precipitation.

Storms that are wide in coverage and last for many days are the general

characteristics of winter precipitation (Cooperrider and Sykes 1938).

Winter storms derive most of their moisture from the Pacific Ocean,

generally bringing heavy rain and snow.

Ideally, complete coverage of a given vegetation cover type over

a watershed is considered desirable for a hydrologic study. However,

8
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such a situation seldom exists in natural environments. Most vegetation

types tend to overlap and are intermixed, which complicates the defini-

tion of their boundaries. However, extensiveness and vigor in growth

indicate dominance for a particular area.

In this study, specific vegetation cover types together with

physiographic and climatic conditions of the watersheds studied have

been described separately. Most of the discussion is based on work by

Ffolliott and Thorud (1974).

North Fork 

The watershed, located near Greer, ranges in altitude from 8,000

feet near the outlet to 11,590 feet on Baldy Peak in the White Mountains.

Vegetation overstory is predominantly mixed conifer, which includes:

blue spruce (Picea pungens), Engelmann spruce (Picea engelmannii),

Douglas-fir (Pseudotsuga menziesii), white fir (4bies concolor), ponderosa

pine (Pinus ponderosa), southwestern white pine (Pinus strobiformis),

corkbark fir (4bies Zasiocarpa var. arizonica), and quaking aspen (Populus

tremuZoides).

The watershed receives about 24 inches of precipitation annually.

Streamflow is perennial, with summer and winter flows about the same as

determined from records between 1967 and 1976 (Table 2).

Soils, mostly derived from basalt, are well drained, very shallow

to moderately deep in depth, with medium to moderately fine texture.
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East Fork 

The watershed, located near Fort Apache, has elevations of

greater than 6,000 feet. Vegetation cover is mostly pinyon (Pinus

edulis), with some species of juniper (Juniperus spp.). Both annual

and perennial grasses, forbs, and shrubs dominate the understories.

The watershed receives about 18 inches of precipitation annually,

and streamflow is perennial. Average summer daily temperature is about

85 ° F, and winter daily temperatures range from 50 ° to 60 ° F.

Soils are mostly derived from basalt and sandstones, deep in

depth, gravelly with medium to fine in texture.

Pacheta Creek 

The watershed, located near Maverick, has elevations ranging

from 7,850 feet at the gauging station to 8,524 feet on Mount Ord. Vege-

tation cover is predominantly ponderosa pine, with scattered Douglas-fir

throughout the watershed.

It receives more than 27 inches of precipitation annually.

Streamflow is perennial. Most of the runoff occurs in the winter (Table

2). Minimum temperatures are about 60 ° F during the summer, and approach

32 ° F or below during the winter. Average daily variation in temperature

is about 40 ° F.

Soils are mostly formed on basalt and cinders, moderately deep

to deep in depth, and medium to moderately fine in texture.

Cherry Creek 

The watershed, located near Young, has elevations ranging from

4,950 feet at the gauging station to 6,452 feet on Catholic Peak.
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Vegetation is mostly mesquite and grass, with scattered shrubs and other

woody species. Pinyon and juniper prevails at higher elevations.

The watershed receives approximately 20 inches of precipitation

annually. Mean daily temperatures range from 30 0 to 65 ° F. Streamflow

occurs throughout the year, with the exception of two days of July 1972,

when no flow occurred (as determined from 1967-1976 records).

Soils are mostly derived from sandstone parent material. They

are shallow to moderately deep in depth, gravelly and cobbly, and medium

to fine in texture.

Sycamore Creek 

The watershed, located near Sunflower, has elevations ranging

from 3,310 feet at the gauging station to 7,128 feet on Mount Odart.

Vegetation is mostly chaparral in type, with scattered oaks, creosote

bush, and many species of desert plants.

The watershed receives approximately 20 inches of precipitation

annually. Mean daily temperatures vary from 85 ° F in July to 35 ° F in

January. Streamflow is intermittent, with runoff mostly occurring in

the winter (Table 2).

Soils are mostly derived from granite and schist, shallow in

depth and coarse in texture.



METHODS

To conduct the analysis, average daily streamflow data for the

water years of 1967 to 1976 was summarized from the United States Geo-

logical Survey water data reports for Arizona.

Data Reduction 

The initial analysis was to select individual recession hydro-

graphs, necessary for further analysis. Unimportant recessions were

eliminated according to the following criteria:

1. Definition of a recession hydrograph. A set of data points that

exhibit more-or-less steady recession was considered as a recession

event. Complex recession were separated into different recessions de-

pending on the number of surges. Recessions that demonstrated extensive

fluctuations were excluded.

2. Time of occurrence. Recessions that occurred between July 1 and

October 30 were considered to be summer recessions, while those between

January 1 and April 30 were considered winter recessions. Recessions

that occurred outside those periods were omitted.

3. Duration of each recession. It was decided that four data points

or a three-day interval was to be the minimum duration of a recession

event retained for analysis.

4. Unusual events. Few recessions (unusually high and low flows)

were eliminated. The minimum limit of low flow was set at 0.25 c.f.s.

14
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The upper limit was not singled out, since those flows varied greatly

between each watershed.

Hydrograph Analysis 

The form of streamflow drainage from a watershed, depicted by

the receding side of a hydrograph, has been documented, theoretically

and empirically (Barnes 1939; Hursh and Brater 1941; Knisel 1963; Brown

1965; Howe 1966), according to the form of a simple exponential function:

Qt	 Qo K	 (1)

where,

Qt is the discharge after a time period t.

Qo is the initial discharge.

K is the recession constant, per unit time.

t is the time interval between Qo and Qt, in hours or days.

Equation (1) can be transformed into a linear function when

plotted on logarithmic paper, with discharges on logarithmic scale and

time on arithmatic scale.

In this study, the above approach was used. Each recession hydro-

graph retained was displayed on semi-logarithmic paper. The slope of each

plotted line was then determined in terms of a logarithmic form as

follows:

Log K - Log Qo - Log Qt 
Time Interval (2)
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The slope evaluated in Equation (2) was considered to be indica-

tive of differences in recession flows, attributed to land use, vegeta-

tion cover, soil moisture, and seasonal effects.

Since streamflow data were reported as daily averages, it per-

mitted the above calculations to be performed on a daily basis. However,

analysis of daily averages prevented identifying the rise of individual

hydrographs due to small storms occurring in between large storms that

are not shown by the average streamflow. Furthermore, the peaks identi-

fied by the data plots were not necessarily representative of the actual

peaks of storms that caused the recessions. It was assumed that all

recessions used in the analysis were not affected by rainfall character-

istics.

It has been a common practice that, for predicting purposes, the

recessions selected are arranged in a manner such that an idealized re-

cession curve was formed to represent the complete recession for a water-

shed. However, such a procedure may be subjected to judgment errors, and

to errors offered by factors that contribute to the fluctuation of short

event recessions (such as evapotranspiration losses) which varied greatly

from time-to-time. Consequently, evaluation of a recession constant

based on a composite or idealized curve was not considered justified in

this study. Instead, an examination of individual recession limbs was

emphasized, and fluctuations caused by variable factors were measured in

terms of recession constants characterized by each event.

From the past experience of different workers, it has been shown

that with semi-logarithmic plots of any streamflow recessions, more than
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one straight line with divergent slopes often occurs. However, a study

by Brown (1965) on recession flows from semi-arid watersheds in Arizona

demonstrated that these flows were typically two limb types. To reduce

the complexity of interpreting various limbs, it was decided that those

exhibiting two limb recessions on semi-logarithmic plot would be used

for final differentiation.

To characterize recession flows from watersheds representing

different vegetative cover types, slopes of each limb were determined

directly from Equation (2), and their averages were grouped according to

season of occurrence and respective vegetation cover types. To decide

whether there was a significant difference between their means, taking

into account variations in the slopes of each limb about the means, the

problem becomes a statistical one. Therefore, the next steps involved

hypothesis testing.

Statistical Analysis 

The following null hypotheses were used to evaluate differences

of means grouped under vegetation cover types and seasons between each

watershed.

Null hypotheses involving testing variations within a watershed

are:

Ho1:
there was no significant difference between the means of upper

and lower slopes as analyzed for each season and vegetation

cover type.

Ho2: there was no significant difference between the means of upper

slopes as grouped under summer and winter periods.
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Ho3:
there was no significant difference between the means of lower

slope grouped under summer and winter periods.

The following null hypotheses involved testing variations between

watersheds:

Ho4:
there was no significant difference among the means of upper

slopes grouped under winter season and different vegetation

cover types.

Ho
3. 

there was no significant difference among the means of upper•

slopes grouped under summer and different vegetation cover

types.

Ho6:
there was no significant difference among the means of lower

slopes grouped under summer and different vegetation cover

types.

Ho7: there was no significant difference among the means of lower

slopes grouped under winter and different vegetation cover

types.

A summary of above hypotheses and testing strategy is presented

•in Figure 2. To test the null hypotheses, three statistical methods were

identified; namely, t-tests, analyses of variance, and multiple compari-

sons procedures.

To evaluate the first three hypotheses (numbers 1 through 3), a

t-test procedure was performed. The test can be stated as follows

(Steel and Torrie 1960):



Grouped slopes

into vegetation cover types

and seasons

Testing the grouped

slones hypotheses

A. Within a sample watershed

Summer	 Winter

Upper limb	 (2)	 Upper limb

Vegetation cover	 Vegetation cover types

types

	I(1)	 (1)

Summer	 Winter
(3)Lower limb < 	Lower limb

Vegetation cover types	 Vegetation cover types

B. Between watersheds, according 

to each of following groups.

(5)Summer	 (4)Winter

Upper limb	 Upper limb

Vegetation cover types	 Vegetation cover types

(6)Summer	 (7)Winter

Lower limb	 Lower limb

Vegetation cover types 	 Vegetation cover types

19

Figure 2. Schematic diagram in hypotheses testing.

Number in brackets refers to number of hypothesis
in text.
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(4)

(t: n
1 

+ n
2 - 2) = x - y    

20            

/// 

E(x-R) 2 + E(y-Y) 	1	 1+ ---.
n 1 

+ n 2 - 2	 n 1	
n 2

( 3 )

where,

x and y are the arithmatic means of individual slope

coefficients x and y, respectively.

n
1 
and n

2 
are the numbers of slope coefficient in group x

and y, respectively.

n1 + n2 - 2 
is degree of freedom associated with calculated

t value.

If the calculated t value was greater than the critical table

value, which depends on the level of significance used, the alternative

hypothesis was accepted.

The next four hypotheses (number 4 through 7) required testing

of more than two sample means, and this was performed through analyses

of variance. The model for each observation or total response, x, for

each of observation can be expressed as follows:

where

is the true mean,

b. is contribution from watershed storage,
1

e.. is the error and other unknown sources.
13
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The null hypotheses to be tested were that b i values were all

equal to zero. The level of significance of whether they are all the

same or not was tested by a variance ratio analysis. The overall nature

of the test is summarized in an ANOVA table form, as follows:

Source of
	

Sum of	 Mean

variation
	

d.f	 squares	 squares	 F-cal.

Between means	 k - 1	 SST	 SST/k - 1	 SST.k(n-1)

Error	 k(n-1)	 SSE	 SSE/k(n-1)	 SSE (k-1)

Total	 kn - 1	 SS

where,

k represents number of watersheds, which have n variates or

slopes of recessions.

k n (grand total of slope values)
2

SS =	 xi.
2 - c; c kn

i=1 j=1	 3

SST =	 T.2/n - c; T. = sum of values of each slope.
1=1 1

SSE = SS - SST

If the variance ratio computed was larger than tabular F value

with the specified level of significance, the null hypothesis 'was re-

jected.
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To determine which group of slope values was different, further

statistical treatment was required to determine which of the alternative

hypotheses should be accepted. In this case, Tukey's test was imple-

mented. The following statement made by Hamilton (1965) provides a good

explanation for this choice:

"An experimenter can provide an appropriate answer a large
percent of a time if he routinely applies Tukey's test to
every multiple comparison problem he encounters. This is true
because generally experimentwise error is important, and because
Tukey's test is valid no matter how the true means are grouped."

Tukey's test requires evaluation of a single value, "w," for

judging the level of significance of each observed difference. The

following form was used to evaluate "w,"

w = q(p,n MSE /1 + 1
T
2 

)2	 r 1

( 5 )

where,

is the number of watersheds.

r
1 

and r2 
refers to number of slope coefficients (sample

size) for watersheds one and two, respectively.

refers to number of degree of freedom due to error.

MSE refers to mean square error, as determined from ANOVA

table.

refers to table value, associated with p and n, at a

specific level of significance.

Since sample size were not equal, "w" was computed for each

comparison.



In this study, a significance level of 0.05 was used in all

statistical tests and evaluations.
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RESULTS

Criteria used in assessing recession flows involved grouping

slope coefficients of individual hydrographs into respective vegetation

cover types, limb characteristics, and seasons.

Slope Coefficient 

Generally, each recession demonstrated straight plots, with some

exhibiting more than two slopes separated by distinct break points.

Some break points occurred at higher flow, while others at low flow

values (Figures 3 and 4).

Summer recessions were mostly of the two limb type, while winter

recessions were of the one and two limb type. Some watersheds showed

more of two limb, and others of one limb type. Most summer recessions

were of shorter duration recessions than winter recessions. The longest

single event of summer grouped recessions was nine days, while 21 days

characterized the longest single event for winter grouped recessions.

Representing two limb types, 66 and 45 individual events of

summer and winter grouped recessions, respectively, were identified for

evaluation. Their upper and lower slope values are given in Appendix A.

The means of upper limb slopes grouped under summer and vegetation cover

types ranged from 0.10 to 0.54 day
-1

, and the lower limbs ranged from

0.03 to 0.10 day
-1
. The means of upper limb slopes grouped under winter

and vegetation cover types ranged from 0.09 to 0.16 day
-1

, and the lower

24
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limbs ranged from 0.02 to 0.04 day-1 . Their trends are presented as bar

graphs (Figures 5 and 6).

The estimated means, minimum, and maximum values, and degree of

variability for slope coefficients as grouped under vegetation cover

types, seasons, and limb characteristics are presented in Table 3.

Hypotheses Testing 

Statistical analyses were performed to determine whether differ-

ences in categorized mean values happened out of chance. The following

is results of the tests:

Ho l : rejected for all vegetation cover types, and seasons. There-

fore, the break point separating the lower and upper limb for

winter and summer recessions did exist statistically.

Ho2: accepted for Pacheta Creek, East Fork and North Fork, rejected

for Cherry Creek and Sycamore Creek.

Ho3: accepted for Pacheta Creek, East Fork and North Fork, rejected

for Cherry Creek and Sycamore Creek.

Ho
4'• 

accepted for all watersheds, with no significant differences

among the mean of upper slopes grouped under winter and vegeta-

tion cover types. Therefore, no further test was carried out.

Ho s : rejected for all watersheds, and there were significant differ-

ences among the mean of upper slopes grouped under summer and

different vegetation cover types; subsequently, Tukey's test

was performed to determine which mean groups were different.
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Mixed	 Ponderosa	 Pinyon
Conifer	 Pine	 Juniper

Figure 5. Comparisons of average slopes for upper limb
between summer and winter.
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Mixed Ponderosa	 Pinyon
Grass Chaparral

Conifer	 Pine	 Juniper

Figure 6. Comparisons of average slopes for lower limb
between summer and winter.
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Table 3. Maximum, mean, minimum, and coefficient of variation for re-
cession constants.

Watersheds and
Vegetation
Cover Types

Recession Constant (log K) 

Summer	 Winter

Max.	 Mean	 Min.	 Max.	 Mean	 Min.

1. Cherry Creek	 1.37	 0.10	 0.02	 0.37	 0.04	 0.01
(Grassland)

0.54	 0.16

	

(62.48 : 67.26)	 (62.91 : 52.78)

2. Sycamore Creek	 1.19	 0.07	 0.02	 0.32	 0.04	 0.01
(Chaparral) 0.36	 0.16

	

(76.71 : 91.59)	 (56.10 : 78.27)

3. Pacheta Creek
(Ponderosa
pine)

4. East Fork
(Pinyon-
juniper)

5. North Fork
(Mixed
conifer)

	0.38	 0.06	 0.01	 0.19	 0.03	 0.02

	

0.13	 0.09

	

(82.81 : 81.93)	 (43.28 : 58.59)

	

0.33	 0.04	 0.01	 0.13	 0.02	 0.02

	

0.10	 0.09

	

(41.42 : 61.34)	 (24.78 : 43.30)

	

0.31	 0.03	 0.01	 0.14	 0.03	 0.03

	

0.18	 0.10

	

(45.69 : 46.84)	 (54.43 : 42.43)

Note: Two mean values, are for lower and upper limbs, respec-

tively. The numbers in parentheses are C.V% for lower and upper limbs,

respectively.
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Ho
6" 

rejected for all watersheds, and there were significant differ-

ences among the means of lower slopes grouped under summer and

different vegetation cover types; subsequently, Tukey's test

was performed.

Ho
7
: accepted for all watersheds, and there was no significant dif-

ference among the means of lower slopes grouped under winter

and different vegetation cover types; therefore, no further

test was conducted.

Results of the above hypotheses testing are summarized in Tables

4, 5, 6, 7, 8, 9, and 10, respectively.

Multiple Comparisons Procedure 

From an analyses of variance tests, there were significant dif-

ferences among means as grouped under different vegetation cover types,

upper limb, and summer season. There were also differences among means

of lower limb grouped under same categories. Therefore, the following

Tukey's test was performed to determine their specific differences.

Upper Limb and Different Vegetation Cover Types

Between North Fork and East Fork:

w = 3.98 (5, 61) / 0.0669 /1	 1
2	 .1.2 + 22)

w = 0.2553

Between North Fork and Pacheta Creek:

w = 3.98 (5, 61)/ 0.0669 (1	 1 \
2	 T

w = 0.3247



Table 4. Test of null hypothesis, Ho l .

Watersheds t - Calculated	 Degrees of Freedom

Summer Winter	 Summer Winter

Cherry Creek 4.6612 4.4789	 28 22

Sycamore Creek 2.5778 3.8356	 16 32

Pacheta Creek 2.3583 3.2257	 14 16

East Fork 4.3773 2.9698	 42 4

North Fork 5.9261 3.0796	 22 6

Table 5. Test of null hypothesis, Ho 2 .

Watersheds	 t - Calculated	 Degrees of Freedom

Cherry Creek

Sycamore Creek

Pacheta Creek

East Fork

North Fork

3.5470

2.2821

0.9393

0.1695

1.7260

25

24

15

23

14

32
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Table 6. Test of null hypothesis, Ho 3 .

Watersheds	 t - Calculated	 Degrees of Freedom

Cherry Creek	 2.7584	 25

Sycamore Creek 	 2.0742	 24

Pacheta Creek	 0.4616	 15

East Fork	 1.7278	 23

North Fork	 0.2853	 14

Table 7. ANOVA table for winter and upper limbs.

Source of Variance	 d.f	 Sum of Squares	 Mean Squares	 F-cal.

Between means
	

4
	

0.04048
	

0.0101	 1.1632

Due to error	 40
	

0.34804
	

0.0087

Total
	

44
	

0.38852
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Table 8. ANOVA table and Tukey's test for summer and upper limbs.

Source of Variance	 d.f	 Sum of Squares	 Mean Squares	 F-cal.

Between means	 4
	

1.3394
	

0.3349	 5.005

Due to error
	

61
	

4.0817
	

0.0669

Total
	

65
	

5.4211

Multiple comparisons

(Tukey's test)

0.10
	

0.13	 0.18
	

0.36	 0.54
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Table 9.	 ANOVA table and Tukey's test for summer and lower limbs.

Source of Variance d.f Sum of Squares Mean Squares F-cal.

Between means

Due to error

Total

4

61

65

0.04549

0.15858

0.20407

0.01137

0.0026

4.374

Multiple comparisons

(Tukey's test)

0.03
	

0.04	 0.06
	

0.07	 0.10
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Table 10. ANOVA table for winter and lower limbs.

Source of Variance d.f Sum of Squares Mean Squares F-cal.

Between means

Due to error

Total

4

40

44

0.0017698

0.0192080

0.0209778

0.000442

0.000480

0.9213



Between North Fork and Sycamore Creek:

w . 3.98 (5, 61) / 0.0669 (1 	1
2 	k129r)

w = 0.3137

Between North Fork and Cherry Creek:

	w = 3.98 (5, 61) / 0.0669 7 1	 1
2 	t22 	15)

w = 0.2819

Between East Fork and Pacheta Creek:

	w = 3.98 (3, 61) / 0.0669 /1 	1
2	 22

w = 0.3005

Between East Fork and Sycamore Creek:

w = 3.98 (5, 61) // 0.0669 / 1	 1
2	 22 4.

w = 0.2880

Between East Fork and Cherry Creek:

il
2 4-2

w = 3.98 (5, 61)	 0.0669 /	
1)

Between Pacheta and Sycamore Creeks:

	w = 3.98 (5, 61) // 0.0669 / 1	 1

2	 8

w = 0.3537

Between Pacheta and Cherry Creeks:

w = 3.98 (5, 61) / 0.0669 G. 4. 110

2

w = 0.3187

37

w = 0.2437



Between Sycamore and Cherry Creeks:

w = 3.98 (5, 61) // 0.0669 /1	 1
2	 15 )

w = 0.3069

Lower Limb and Different Vegetation Cover Types

Between North Fork and East Fork:

w = 0.0515

Between North Fork and Pacheta Creek:

w = 0.0655

Between North Fork and Sycamore Creek:

w = 0.0633

Between North Fork and Cherry Creek:

w = 0.5557 (significant difference exists)

Between East Fork and Pacheta Creek:

w = 0.0592

Between East Fork and Sycamore Creek:

w = 0.0567

Between East Fork and Cherry Creek:

w = 0.0481 (significant difference exists)

Between Pacheta and Sycamore Creeks:

w = 0.0697

Between Pacheta and Cherry Creeks:

w = 0.0628

Between Sycamore and Cherry Creeks:

w = 0.0605

38
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The difference in means between each comparison were compared

with the calculated "w" values. If the value of "w" was greater than

the means difference, there was no significant difference. Results of

these tests are presented with their respective ANOVAS in Tables 8 and

9.

Results of the t-test for evaluating null hypothesis (1) indi-

cated that the means of the upper slope limbs were different than means

of lower slope limbs. Therefore, the break point exists between the two

limbs. Since the two limbs were different, each of them was used in

subsequent analysis.

Results of t-tests on null hypotheses (2) and (3) indicated that

there were significant differences in the means of upper limb slopes

grouped under winter and summer periods for Cherry and Sycamore Creeks.

The results were also true for lower limb as grouped under similar

categories. There was no significant difference in means of upper and

lower limbs grouped under winter and summer periods for Pacheta Creek,

and East Fork and North Fork.

There were no significant differences among the means of upper

and lower slopes compared under different vegetation cover types and

winter season. However, there were significant differences among the

means for summer season grouped under similar categories. Results of

Tukey's tests for hypotheses (5) and (6) indicated that the means of

upper slope recessions grouped under summer season and different vegeta-

tion cover types were different among Cherry Creek and East Fork, Cherry

Creek and Pacheta Creek, and Cherry Creek and North Fork; and, the means
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of lower slope recessions grouped under similar categories were different

among Cherry Creek and East Fork, and Cherry Creek and North Fork.



DISCUSSION

Results of plot studies and watershed investigations in the past

provide speculation that the variability in streamflow from densely

vegetated areas is mainly attributed to evapotranspiration losses (Johnson

and Meginnis 1960; Rowe and Reimann 1961; Hely and Olmsted 1963; Riggs

1964; Ziemer 1964). However, according to Thornthwaite the magnitude of

losses depends greatly on season, soil moisture supply, vegatation cover

types, and land use (Barr et al. 1956).

In this study, an attempt has been made to explore the extent of

the above factors in influencing recession flows from selected water-

sheds in Arizona. Essentially, two limb recession hydrographs were used.

Two reasons for this choice were: first, their occurrence was more-or-

less typical for the watersheds; and second, they possessed only one

point of separation between two receding rates, which consequently pro-

vided a basis for grouping them according to fast and slow flow recessions

respectively, and not specifically refer to their source of flows. To be

sure that a break point exists between the two flows, t-tests were em-

ployed. Since the test revealed differences between the two flows,

analyses of variance and multiple comparisons procedure were used to

detect the differences among their slope means, categorized according to

respective vegetation cover types, seasons and land use.

Generally, more than ten days of individual recession events are

used in recession flow analysis to be sure of their representativeness

41
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(Riggs 1964; Howe 1966). However, with reference to the watersheds de-

scribed herein, the assumption cannot be applied since recessions were

of typically shorter durations (seldom longer than six days), particular-

ly summer groups. Winter recessions may extend longer due to sustained

snowmelt. Measures on the amount of variability among individual re-

cession limbs within their respective means indicated that summer

recession groups tend to have more variations as compared to winter

groups. However, there were no contrasting trends with reference to

specific vegetation cover types or limb characteristics

Generally, summer flows differed from that of winter flows, due

to the fact that the water balance of an area is greatly affected by

evapotranspiration losses during summer, and generally, less during

winter. However, results from this study revealed that only those that

comprise chaparral and grassland types, respectively, were different

both for fast and slow recessions, with slopes of each type of recession

steeper for summer groups. For the other three vegetation cover types,

t-tests indicated no difference existed between summer and winter re-

cessions. Factors such as timing of snowmelt and insensitiveness of

t-test to small effects or differences might be a possible explanation

of the latter result.

An analyses of variance test indicated that there were no dif-

ferences among mean slopes of fast flow recessions grouped under various

vegetation cover types and winter season. The results also apply to

slow flow recessions categorized under the same group. However,
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significant differences existed among summer groups. Specifically, from

Tukey's test, they can be arranged as shown in Table 11.

Table 11 shows that recession flows from grassland watersheds

recede faster than watersheds representing the other three vegetation

cover types. When referring to slow flow recessions, the differences

reduce into two vegetation cover types, namely grassland and ponderosa

pine, and grassland and mixed conifer. Pinyon-juniper is in the same

category as grassland.

The constants (log K) used in the analysis defined the rate of

recession flows. However, in a physical sense, the meaning is not really

clear. Martin (1973) suggested that the constants be transformed into

"the time required for baseflow of a stream to reduce by halve." In this

case, it refers to slow and fast flow recessions. Therefore, the results

in Table 11 were translated (Table 12).

Table 12 indicates that for grassland covered watersheds, the fast

and slow flow recessions were short-lived as compared to pinyon-juniper,

mixed conifer, and ponderosa pine. Slow flow recessions for mixed conifer

and ponderosa pine were longer and more sustained, and this causes specu-

lation that these watersheds are of better practical value in terms of

the prolongation of streamflow during summer periods.

The results from this finding suggests that a comparison of re-

cession flow characteristics in this form would help to facilitate the

assessment of the hydrologic effect of changed land use.

Detailed discussions on the specific effects of land use and

soil moisture conditions were omitted in the present study to avoid
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Table 11.	 Comparisons of average slopes as grouped under vegetation
cover types,	 limb characteristics, and summer season.

Watershed's Vegetation
Cover Types

Average Slopes

Fast Flow Slow Flow

Grassland vs. pinyon-juniper 0.54 vs. 0.16 not significant

Grassland vs. ponderosa pine 0.54	 vs. 0.09 0.10	 vs.	 0.03

Grassland vs. mixed conifer 0.54 vs. 0.10 0.10 vs.	 0.03

Table 12. Comparison of slope coefficients with time required for fast
and slow recessions to reduce by one-half.

Watershed's Vegetation
Cover Types

Fast Flow Slow Flow

log K	 t, (days)
2

log K t,	 (days)

1. Grassland 0.54 0.56 0.10 3.0

2. Pinyon-juniper 0.16 1.88 - not significant -

3. Mixed conifer 0.10 3.00 0.03 10.0

4. Ponderosa pine 0.09 3.33 0.03 10.0
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possible erroneous conclusions due to the fact that only limited infor-

mation was available on the specific conditions of each watershed.



CONCLUSIONS

The ability of watersheds representing different vegetation

cover types to regulate the rate of water delivered from their storage

to streamflow were examined. Without much attention placed on possible

errors due to judgment, theory, and data characteristics, it was assumed

that (within the 5 percent level of significance) the following con-

clusions can be made:

1. Chaparral, pinyon-juniper, and grassland vegetation cover types

can be considered as the same in terms of delayed flow recessions.

2. During summer, fast or delayed flow recessions were generally

steeper in slope averages; however, statistically, only those of

grassland and pinyon-juniper, ponderosa pine, and mixed conifer,

respectively, detected differences in terms of fast flow re-

cessions, while grassland and ponderosa pine, and mixed conifers,

respectively, detected differences for slow or delayed flow re-

cessions.

3. In terms of time, delayed flow recessions were more sustained

for mixed conifer and ponderosa pine watersheds compared to

grassland watersheds.

4. Possibly due to less variability, there were no differences in

recession flows during winter for all of the vegetation cover

types.

46
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S. Small differences could not be detected by statistical means.

A large number of observations are required to increase pre-

cision of this analysis.

6. It is proposed that analyses such as those presented herein

could permit the assessment of low flow effect due to land use

changes.



APPENDIX A

SELECTED RECESSION EVENTS AND RESPECTIVE PARAMETERS
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Table A-1. Values of upper and lower slopes of summer recessions as
calculated from 1967 - 1976 streamflow records for Cherry
Creek.

Recession Event Duration
(Days)

Slope Coefficient

Lower Limb Upper Limb

July 12, 1969 4 0.05 0.12
Augt. 12, 1969 4 0.05 0.42
Oct. 21, 1969 4 0.02 0.43

Augt. 19, 1970 5 0.08 1.37

July 17, 1971 6 0.12 1.17

July 23, 1971 4 0.06 0.15

Oct. 2, 1971 5 0.17 0.45

Oct. 7, 1971 6 0.05 0.27

July 24, 1972 5 0.21 0.67

Sept. 2, 1972 4 0.06 0.29

Sept. 16, 1973 4 0.10 0.25

July 18, 1974 6 0.06 0.40

July 11, 1975 4 0.06 0.81

Augt. 10, 1976 4 0.15 0.50

Sept. 26, 1976 5 0.20 0.73
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Table A-2. Values of upper and lower slopes of summer recessions as
calculated from 1967 - 1976 streamflow records for Sycamore
Creek.

Recession Event Duration
(Days)

Slope Coefficient

Lower Limb Upper Limb

Sept. 2, 1967 4 0.02 0.40

July 21, 1968 4 0.07 0.16

July 26, 1968 5 0.02 0.13

Augt. 9, 1968 6 0.03 0.32

Sept. 6, 1970 4 0.20 0.36

Sept. 12, 1970 S 0.08 0.28

Oct. 1, 1971 S 0.10 0.26

Augt. 1, 1973 6 0.07 0.12

July 29, 1976 4 0.06 1.19
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Table A-3. Values of upper and lower slopes of summer recessions as
calculated from 1967 - 1976 streamflow records for East Fork.

Recession Event Duration
(Days)

Slope Coefficient

Lower Limb Upper Limb

July 18, 1967 5 0.05 0.11

Augt. 12, 1967 8 0.04 0.10

Sept. 7, 1967 7 0.04 0.08

Augt. 12, 1968 8 0.04 0.06

Sept. 3, 1968 7 0.03 0.06

Augt. 6, 1969 5 0.03 0.07

Augt. 16, 1969 4 0.03 0.05

Augt. 30, 1969 7 0.06 0.09

Augt. 18, 1970 6 0.01 0.06

Augt. 26, 1970 5 0.04 0.07

Augt. 21, 1971 5 0.08 0.14

July 18, 1973 8 0.05 0.08

Augt. 30, 1973 6 0.03 0.15

July 7, 1974 5 0.03 0.07

Augt. 8, 1974 6 0.07 0.16

Sept. 19, 1974 5 0.07 0.09

July 29, 1975 6 0.03 0.07

Augt. 21, 1975 4 0.04 0.14

Sept. 18, 1975 8 0.03 0.05

July 14, 1976 5 0.03 0.33

Augt. 1, 1976 9 0.03 0.10

Augt. 11, 1976 7 0.03 0.06
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Table A-4. Values of upper and lower slopes of summer recessions as
calculated from 1967 - 1976 streamflow records for Pacheta
Creek.

Recession Event Duration
(Days)

Slope Coefficient

Lower Limb Upper Limb

Augt. 11, 1968 8 0.04 0.10

Augt. 29, 1969 4 0.01 0.08

Oct. 2, 1970 6 0.02 0.07

Augt. 18, 1971 4 0.02 0.08
I

Sept. 1, 1971 6 0.04 0.17

Oct. 7, 1972 5 0.11 0.38

Sept. 19, 1975 5 0.03 0.10

July 14, 1976 5 0.03 0.06
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Table A-5. Values of upper and lower slopes of summer recessions as
calculated from 1967 - 1976 streamflow records for North
Fork.

Recession Event Duration
(Days)

Slope Coefficient

Lower Limb Upper Limb

July 9, 1968 7 0.05 0.11
Augt. 11, 1968 9 0.02 0.09

Augt. 20, 1968 6 0.04 0.15

Augt. 6, 1970 5 0.03 0.26

Oct. 3, 1970 5 0.03 0.21

Oct. 1, 1971 6 0.03 0.24

July 7, 1974 4 0.05 0.11

Augt. 20, 1974 5 0.06 0.21

Oct. 7, 1974 4 0.02 0.31

Augt. 11, 1976 6 0.01 0.25

Sept. 10, 1976 5 0.02 0.05

July 30, 1976 8 0.03 0.11
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Table A-6. Values of upper and lower slopes of winter recessions as
calculated from 1967 - 1976 streamflow records for Cherry
Creek.

Recession Event Duration
(Days)

Slope Coefficient

Lower Limb Upper Limb

Jan. 1, 1968 4 0.03 0.18

Jan. 17, 1968 5 0.01 0.09

Feb. 14, 1968 6 0.05 0.14

Mar. 13, 1968 17 0.04 0.18

Jan. 26, 1969 9 0.09 0.19

Mar. 1, 1969 9 0.04 0.07

Mar. 18, 1969 13 0.08 0.11

Mar. 14, 1970 13 0.02 0.06

Jan. 9, 1974 6 0.03 0.37

Jan. 23, 1974 6 0.09 0.14

Mar. 9, 1974 5 0.03 0.22

Apr. 2, 1974 8 0.02 0.14
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Table A-7. Values of upper and lower slopes of winter recessions as
calculated from 1967 - 1976 streamflow records for Sycamore
Creek.

Recession Event Duration
(Days)

Slope Coefficient

Lower Limb Upper Limb

Feb.	 14,	 1968 16 0.05 0.09
Mar.	 10,	 1968 12 0.04 0.07
Mar.	 26,	 1968 4 0.02 0.52
Apr.	 3,	 1968 8 0.01 0.06
Jan.	 15,	 1969 6 0.04 0.32
Feb.	 7,	 1969 5 0.02 0.14
Mar.	 1,	 1969 9 0.03 0.08
Mar.	 18,	 1969 21 0.02 0.05

Mar.	 11,	 1970 15 0.04 0.09

Jan.	 1,	 1972 6 0.04 0.13

Feb.	 22,	 1973 6 0.10 0.26

Mar.	 9,	 1974 5 0.04 0.21

Mar.	 20,	 1974 8 0.04 0.25

Apr.	 2,	 1974 4 0.02 0.07

Mar.	 26,	 1975 6 0.08 0.11

Apr.	 10,	 1975 16 0.04 0.10

Apr.	 19,	 1976 12 0.06 0.11
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Table A-8. Values of upper and lower slopes of winter recessions as
calculated from 1967 - 1976 streamflow records for Pacheta
Creek.

Recession Event Duration
(Days)

Slope Coefficient

Lower Limb Upper Limb

Mar. 11, 1967 4 0.06 0.12

Apr. 13, 1967 8 0.03 0.06

Jan. 30, 1969 5 0.03 0.19

Jan. 8, 1972 6 0.02 0.05

Jan. 14, 1972 7 0.02 0.04

Mar. 15, 1972 8 0.02 0.05

Mar. 23, 1972 8 0.03 0.06

Mar. 22, 1974 4 0.03 0.10

Apr. 9, 1975 5 0.05 0.16
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Table A-9. Values of upper and lower slopes of winter recessions as
calculated from 1967 - 1976 streamflow records for East
Fork.

Recession Event Duration
(Days)

Slope Coefficient  

Lower Limb	 Upper Limb

Mar. 9, 1975 6 0.03 0.10

Apr. 7, 1975 7 0.02 0.05

Feb. 10, 1976 4 0.02 0.13



58

Table A-10. Values of upper and lower slopes of winter recessions as
calculated from 1967 - 1976 streamflow records for North
Fork.

Recession Event
	

Duration	 Slope Coefficient 

(Days)	 Lower Limb	 Upper Limb

Mar. 12, 1967 4 0.03 0.14

Apr. 16, 1968 8 0.03 0.08

Apr. 23, 1969 7 0.01 0.05

Apr. 11, 1970 8 0.05 0.13
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