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ABSTRACT

Whether climate, land use, or intrinsic variables is the main conirol of arroyo incision
in the American west has been debated for more than a century. The climatic position
for example, has maintained that periods of low rainfall followed by intense storm
activity promotes arroyo incision. Average annual rainfall intensity for Santa Fe, New
Mexico, shows more frequent high-intensity rainfall events in the period 1868 to 1880
and an increase in rainfall intensity beginning about 1967. This precipitation data could
indicate that conditions are similar to the late 1800s when a period of incision
occurred; although precipitation records at Santa Fe are not representative of the entire
American west. By contrast, recent studies in the American Southwest indicate that
many arroyos currently are aggrading. The Rio Puerco, New Mexico, incised around
1885 and, based on aerial photographic comparisons and replicate surveys, the arroyo
is continuing to evolve. Inner-channel width-to-depth ratios have decreased since 1977,
and the inner floodplain has aggraded 0.3 to at least 1.0 meter by overbank deposition.
In one cross section the channel-bed elevation increased 2.55 meters (m), the
inner-channel width decreased from 40.6 m to 23.4 m, and the cross-sectional area
decreased by 125 square meters (m?) from 1936 to 1995. Results of resurveys between
1992 and 1994 of 85 channel cross sections in three arroyos near Zuni, New Mexico,
indicated that 72 percent of the cross sections are aggrading. This apparent discrepancy
may be related to the intrinsic thresholds of arroyo systems, since the modern arroyos

examined here are at a different stage of their development than they were in the late
1800s.
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Arroyo Changes in Selected Watersheds

1. INTRODUCTION

Arroyos are channels incised into valley alluvinm that can be tens to hundreds
of meters wide and several meters to tens of meters deep. An episode of arroyo
incision that occurred in the late 1800's in the American west has intrigued
geomorphologists for more than a century. A widespread debate about the
cause of this incision centered on climate change, land use, and more recently,
intrinsic geomorphic conditions. This debate was litigated when the Zuni Tribe
of New Mexico sued the United States government in the 1970s, claiming that
mismanagement of their land, overgrazing, and timber harvesting led to
erosion, of which arroyo incision was part (Landon, 1990).

The position that climatic change causes arroyo incision postulates a
relation between changes in precipitation frequency and storm intensity and
changes in erosion. For example, periods of low rainfall that are followed by
intense summer storm activity may provide the impetus for arroyo incision
(Leopold, 1951; Cooke, 1974; Balling and Wells, 1990). Analysis of climatic
records in Santa Fe, New Mexico, by Leopold (1951) indicated that the period
1850 to 1880 was characterized by a decrease in low-intensity rainfall and by
an increase in high-intensity rainfall. Frequent low-intensity rainfall sustains
vegetative growth, but low-intensity rainfall was deficient between 1850 and
1880. High-intensity rainfall which was above average in the late 19th century
resulted in rapid runoff and promoted erosion. Schoenwetter and Dittert (1968)

noted that periods of erosion are characterized by a summer moisture regime
where most annual precipitation falls during a long summer of intense

thunderstorms, whereas periods of alluviation are characterized by a winter
moisture regime where precipitation accumulates as snow, runs off slowly, and
infiltrates more readily. Leopold and others (1966) suggested that arroyo
incision is associated with increasing aridity and aggradation with increasing
humidity.

The position for climate as a control on arroyo incision is strongly

supported by several Quaternary incision/aggradation cycles in the Western

United States that have been*documented in the literature (Leopold and Snyder,

1951; Cooley, 1962; Cooke and Reeves, 1976; Hall, 1977; Waters, 1985).

Because changes in land use could not have cansed incision episodes prior to
human habitation, climate seems to be a logical explanation.

The position that land use causes arroyo incision has centered on i

human activities such as overgrazing, farming, and timber harvesting, which
reduce vegetative cover and infiltration rates (Thornwaite and others, 1942;
Antevs, 1952; Cooke and Reeves, 1976). These activities promote increases in
surface runoff or channelization of streamflow, which can initiate arroyo
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incision. Land-use practices may have been a factor in at least one episode of
pre-19th century arroyo incision. Judd (1964) theorized that residents of Pueblo
Bonito in New Mexico may have inadvertently concentrated Chaco River
flows in the center of the valley where these flows converged to form a 12th
century arroyo.

A third position is that arroyo incision is intrinsic or has a natural
cyclicity (Schumm and Hadley, 1957; Patton and Schumm, 1975). Aggradation
over time causes the valley gradient to steepen until a threshold slope is
exceeded and the valley incises, This argument contends that arroyo incision
would occur regardless of climatic or land-use changes, althongh climate and
human activities might affect the timing of incision and aggradation. In other
words, alluvial valleys in the late 1800s were ready to incise.

This paper discusses arroyo formation and evolution, and describes
recent arroyo changes in the southwestern United States based on field
observations and information presented by other investigators. Analyses of
geomorphic and climatic data are presented to determine possible links
between arroyo changes and climate.

2, ARROYO CHANGES IN THE HISTORICAL RECORD

2.1.  Arroyo Evolution

Sufficient time has passed since arroyo incision began in the late 19th and early
?Oth century to observe a pattern of change in arroyo morphology. Arroyos
initially are formed by vertical incision of a streambed, by upstream migration
of headcuts, or by coalescing of discontinuous gullies. Following initiation, the
maximum depth of an arroyo is quickly attained (Leopold and Mi]ler, 1954).
Removal of valley fill continues by lateral erosion of valley alluvium rather
than by continued downcutting.

. Through time, the morphology of arroyos in larger watersheds evolves
as it responds to changes in upstream erosion and sediment delivery. Parker
(1977) observed the evolution of arroyo-like features in a rejuvenated
watershed in an experimental flume. As headeuts and the locus of sediment
production advanced up tributaries, sediment delivered to the lower main-stem
reach increased geometrically and exceeded the transport capacity of the
channel. Deposition, braiding, and channel widening resulted as the channel
aggraded within the incised reach.
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Elliott (1979) and Gellis and others (1991) documented channel
changes in arroyos and termed these changes arroyo evolution. Arroyo
evolution involves sequential channel deepening, widening, inner floodplain
formation, and, in larger arroyos, channel pattern adjustment. These arroyo
changes generally proceed over time from the mouth of arroyos to upstream
reaches. Leighly (1936) and Cooke and Reeves (1976) noted a general
tendency for creation of a new channel and floodplain within an arroyo.
Concurrent with these arroyo changes is a decrease in the amount of sediment
delivered from the watershed as sediment is deposited in the arroyo (Gellis et
al., 1991; Gellis, 1992). Annual suspended-sediment concentrations at the U.S.
Geological Survey streamflow-gaging station Rio Puerco near Bernardo, New
Mexico, have decreased from greater than 0.13 to less than 0.06 metric ton per
cubic meter of runoff from 1948 to 1994 (Fig. 2.1).
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Fig. 2.1. Suspended-sediment concentration, 1948-1994, Rio Pu
near Bernardo, New Mexico. :

Elliott (1979) described a five-stage sequence of arroyo cross-sectic
and channel pattern evolution for the Rio Puerco. Presently (1996), reaches «
the lower Rio Puerco are exhibiting relatively stable channel patterns and im
floodplain vegetation growth. However, a general decrease in chann
width-to-depth ratios and overbank floodplain aggradation observed in 1
and 1996 in the lower reaches suggests that Rio Puerco evolution is continuing,
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o Morphologic evolution similar to that of arroyos was observed in
11!01sed channels in the southeastern United States (Schumm and others, 1984:
Simon, 1989). Schumm and others described a five-stage model of c’hannei
ev‘olution from disequilibrium to stability for Oaklimeter Creek Mississippi. In
‘th1s model, attainment of channel stability involved a reduction’in slope arl:d' an
increase in width after incision. For the wide, gently-sloping stream, unit
stream power decreased and the channel aggraded. Sinﬁosity change; and

~ vegetation establishment in the channel caused further vertical accretion.
~ Although Schumm and others (1984) were describing incised channels in

Mississippi, similar channel morphologic trends are observed in arroyos of the

’ southwestern United States.

QClli§ (1988) developed a seven-stage arroyo evolution model based
on studies in northeastern Arizona (Fig. 2.2). The arroyo is formed
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Fig. 2.2. Sequence of cross sections illustrating arroyo evolution.
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changes generally proceed over time from the mouth of arroyos to upstream
reaches. Leighly (1936) and Cooke and Reeves (1976) noted a general
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Concurrent with these arroyo changes is a decrease in the amount of sediment
delivered from the watershed as sediment is deposited in the arroyo (Gellis et
al., 1991; Gellis, 1992). Annual suspended-sediment concentrations at the U.S.
Geological Survey streamflow-gaging station Rio Puerco near Bernardo, New
Mexico, have decreased from greater than 0.13 to less than 0.06 metric ton per
cubic meter of runoff from 1948 to 1994 (Fig. 2.1).
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Elliott (1979) described a five-stage sequence of arroyo cross-section
and channel pattern evolution for the Rio Puerco. Presently (1996), reaches of
the lower Rio Puerco are exhibiting relatively stable channel patterns and inner
floodplain vegetation growth. However, a general decrease in channel

width-to-depth ratios and overbank floodplain aggradation observed in 1994 =

and 1996 in the lower reaches suggests that Rio Puerco evolution is continuing.
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Fhl.S model, attainment of channel stability involved a reduction in slope and' an
increase in width after incision. For the wide, gently-sloping stream, unit
stream power decreased and the channel aggraded. Sinuosity changc; and
vegetation establishment in the channel caused further vertical accretion
A]ic?ugh Schumm and others (1984) were describing incised channels inl
Mississippi, similar channel morphologic trends are observed in arroyos of the

* southwestern United States.

chli§ (1988) developed a seven-stage arroyo evolution model based
on studies in northeastern Arizona (Fig. 2.2). The arroyo is formed

lj

- = Incision
B
u Widening
! | s
| Incipient
Floodplain

/

=

Complete Filling \

;

F2
Reincision-Fine

7 Load |
63|

Fig. 2.2. Sequence of cross sections illustrating arroyo evolution.

229



Arroyo Changes in Selected Watersheds

by the upstream migration of a headcut. Width-to-depth ratios at the top of the
channel cross section are typically lower in reaches immediately downstream
from the headcut than in reaches upstream from the headcut where the channel
has not yet deepened.

2.2. Recent Aggradation

Several researchers have presented evidence suggesting widespread arroyo
aggradation in the Western United States in the 20th century. Leopold and
others (1966) concluded, in their study of sediment sources in an ephemeral
drainage network, that channels near Santa Fe, New Mexico, were aggrading
from 1958 to 1964. Average net aggradation for channels in their study ranged
from 0.0009 to 0.030 meters per year. The main source of sediment for channel
aggradation was sheetwash erosion. Continued monitoring showed aggradation
continuing to 1974 (Leopold, 1976), although the rate of aggradation in these
channels was slower from 1968 to 1974 than from 1961 to 1968. Reports on
channel changes from eight other sites in the Western United States showed
either aggradation or equilibrium; none showed degradation (Emmett, 1974).

Graf (1987) identified a young stratigraphic unit deposited between
1943 and 1980 in 10 drainage basins of the Colorado Plateau. Rates of
sedimentation for this unit were almost twice the rate of sedimentation for the
next oldest unit, which was deposited between 1250 and 1880. The younger
pnit identified by Graf documents the aggradation cycle reported in the
southwestern United States. Modern aggradation in the Little Colorado River
began about 1952 (Hereford, 1984). Basinwide aggradation in the Paria River,
Utah and Arizona, began in the early 1940s (Hereford, 1986).

2.3. Rio Puerco, New Mexico

The Rio Puerco in central New Mexico is a tributary of the Rio Grande with a
drainage area of 15,180 km® (Fig. 2.3), and is an arroyo that formed in the
1880s (Bryan and Post, 1927). Evidence of several earlier cut-and-fill cycles is
preserved in the Quaternary valley fill of the Rio Puerco.
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Fig.23. Rio Puerco watershed, New Mexico, and location of
resurveyed cross sections.

The most recent cutting cycle in the Rio Puerco occurred after
European descendants settled the valley. Prior to 1885, the Rio Puerco flowed
through a discontinuous arroyo, as much as 6 meters deep in places, but
falsewhere with inconspicuous banks. The valley in non-incised reaches, was
inundated by flood flows and supported a fairly continuous plant cover and
several agriculturally based communities. A combination of climatic
hydrologic, and anthropogenic factors caused the Rio Puerco to incise in Ihc,
late 1880s (Elliott, 1979). Bryan (1928) dated the incision at various locations
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in the Rio Puerco Valley by the abandonment of several communities apd
concluded that arroyo incision progressed headward from the confluence with
the Rio Grande. The entire length of the Rio Puerco had incised by 1928
(Bryan, 1928), and approximately 4.87 x 10* m? of valley alluvium had eroded
as the arroyo formed (Bryan and Post, 1927).

Change in the Rio Puerco has continued since the ‘Bryan and Post
(1927) study, documented by several replicated crofss-sectlon surveys and
aerial photographs. Since 1885, the Rio Puerco has w1dcnc(_1 and now can be
described at two scales: (1) at the scale of the entire arroyo width, and (2) at the
scale of the inner channel (Fig. 2.4). The arroyo is tens to hundreds of meters
wide between the two highest terrace scarps, which are remnants of the
pre-19th century valley floor. Flood flows no longer occupy tlllc entire arroyo
width. An inner channel, meters to tens of meters wide, and an inner floodplain
have developed on the arroyo floor (Fig. 2.4).
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Fig.24. Resurvey of Kirk Bryan's 1936 Rio Puerco cross secti
S downstrgam from Highway 6, near Los Lupas, New Mexico,
showing aggradation and channel morphologic terms.

Elliott (1979) analyzed arroyo and inner-channel charact_eristics
measured from aerial photographs taken in 1935, 1953, and 1954 and from 2.9
inner-channel cross sections in the upper, middle, and 10wcr're-:aches of the Rio
Puerco surveyed in 1977 and 1978. In the late 1970s, specific reaches of t.he
Rio Puerco could be identified as displaying one of two general morphologies
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on the basis of geomorphic and sedimentologic variables. The upper reaches of
the channel were characterized by Type I morphology: the inner channel
typically had a sandy bed, a high width-to-depth ratio, unstable and poorly
defined banks, and a laterally shifting channel pattern that was actively eroding
valley fill. The middle and lower reaches of the channel were characterized by
Type II morphology: the inner channel typically had a silt- and clay-rich bed
and banks, a relatively low width-to-depth ratio, steep banks, and a relatively
stable channel pattern. In the 1935 aerial photographs, all reaches of the Rio
Puerco were characterized by Type I morphology (Elliott, 1979).

The change from Type I to Type II morphology in the middle and
lower reaches of the Rio Puerco between the 1930s and the 1970s reflected the
development and stabilization of a floodplain within the 19th century terrace
scarps. Evidence of this floodplain development in the middle and lower
arroyo reaches between the middle 1930's and the late 1970s included
channel-width reduction and pattern stabilization, dense vegetation
encroachment, and overbank sedimentation. Floodplain development and
channel stabilization appeared to be progressing from downstream to upstream
(Elliott, 1979).

Several of Elliott's arroyo reaches were resurveyed by the authors in
November 1994 and June 1996 to assess arroyo, inner-floodplain, and
inner-channel changes since the late 1970s (Fig. 2.3). The Guadalupe reach
(cross section 13), below the confluence of Arroyo Chico and a reach south of
Cuba (cross sections 8 and 9) were characterized by Type I morphology in
1977 and continued to display Type I morphology in 1994. These reaches were
characterized by wide and shallow inner-channel cross sections, lateral
inner-channel instability within the arroyo, and an increase in arroyo width by
lateral erosion into the Quaternary valley fill. No vertical aggradation was
indicated within the arroyo, nor was there evidence that Type II characteristics
were beginning to succeed Type I characteristics in these reaches. However, a
reach south of Cuba (cross section 4) had changed significantly since 1977.
The inner-channel width had decreased by 36 percent, and a vegetated inner
floodplain had developed on the right side of the previously braided streambed.
This reach appeared to be in transition from a Type I to a Type 11 morphology.

Two reaches in the lower Rio Puerco (cross section 19: cross sections
27, 28, and 29) that were characterized by Type 11 morphology in 1977
continue to display Type II morphology (Fig. 2.3). These reaches had narrow
and deep, well-defined inner channels and vegetated inner floodplains;
however, two significant changes were observed. Channel width-to-depth
ratios had decreased since 1977 and the inner floodplain had aggraded 0.3 to
1.0 meter by overbank deposition.
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Cross section 31 (Fig. 2.4) in the middle Rio Puerco downstream from
Highway 6 west of Los Lunas, was originally surveyed on August 6, 1936, by
Kirk Bryan and was resurveyed on June 27, 1995. The cross section is located
at river km 67.6 (river distance measured upstream from km 0 at the mouth)
and 830 m downstream from the railroad crossing near Highway 6. Two steel
bars from the original survey were found on the left bank, substantiating good
elevation control at this cross section. Comparison of the two surveys indicates
that the Rio Puerco streambed has aggraded 2.55 m, and the inner channel has
narrowed from a width of 40.6 m in 1936 to 23.4 m in 1995 (Fig. 2.4). The
area of the cross section defined from the top edge of the left terrace scarp to
the top edge of the right terrace was 1,064 m” in 1936 and 939 m® in 1995. The
rate of cross-sectional filling between these two surveys is 2.12 m/yr.

Although there has not been adequate date control on past cut-and-fill
cycles in the Rio Puerco, Love and Young (1983) listed two filling cycles from
000 to 1250 A.D and from 1325 to 1450 A.D. An incisional episode was
assumed to have occurred between the two fill cycles, from 1250 to 1325 A.D.
This incisional episode would correlate with other regional cutting dates, such
as that in Chaco Canyon, New Mexico (850 to 600 B.P.) (Hall, 1977). After
this incisional episode filling began about 650 B.P. and reached the same
elevation in the valley floor that the channel occupied prior to the incision. If
the contemporary Rio Puerco fills to the elevation of its pre-incision valley
floor, the channel bed could occupy the elevation labeled A and B in Fig. 2.4.
At a filling rate of 2.12 m*/yr, the area of the 1995 channel could be completely
filled in approximately 440 years. This value plus the 110 years that has passed
since incision started around 1885 equals 550 years. Emmett (1974) estimated
the rate at which arroyos in New Mexico would fill to the former valley floor at
200 to 700 years.

2.4. Zuni River, New Mexico

The Zuni River at the Arizena-New Mexico border drains an area of 3,403 km®
(Fig. 2.5a) and is a tributary of the Little Colorado River. Arroyos on the Zuni
Reservation that drain into the Zuni River incised between 1905 and 1920
(Balling and Wells, 1990). Changes in 85 monumented channel cross sections
were examined in three subbasins of the Rio Nutria, a tributary of the Zuni
River, between January 1992 and December 1994 (Fig. 2.5b). Drainage areas
of the three subbasins are Y-Unit Draw, 24.55 km*; Benny Draw, 3.0 km?; and
Conservation Draw, 6.40 km®.
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o Results of Zuni Reservation channel resurveys of 85 cross sections
indicated that 72 percent of cross sections are aggrading and that 52 percent
§how a decrefzse in cross-sectional area. More cross sections show an increase
in c_ross~secuonal area (n=41) than show scour (n=23) because some cross
sections tha}t are aggrading are also increasing in cross-sectional area. For all
cross sections, 43 percent are aggrading but are also increasing in
cross-sectional area because of an accompanying increase in width.

v }n the Zuni study area, most arroyos are aggrading and widening. This
may indicate that most resurveyed cross sections are in Stage C to E (Fig. 2..2).

2.5. Discussion

Case studies and previously published work support the conclusion that man
channels that were incised starting in the late 19th century and early ZOL?:
century are currently aggrading. Since incision, many arroyos continue to
e\folve‘:. The sequential stages of arroyo evolution--channel deepening, channel
widening, floodplain formation, and the establishment of vegctatiml--;;enerally
proceed upstream through the watershed and ultimately lead to channel
aggradation and reduced sediment yields. Therefore, channel aggradation
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observed in channels in the Western United States may be due in part to arroyo
evolution.

3. RECENT PRECIPITATION TRENDS

Hack's (1942) climatic interpretations o.f Arroyo %‘utiafld-fill cfyclcds sugi?ifje:
that aggradation occurs during wet periods and_ incision dpnng {y If)e() OId.
This generalization of cut-and-fill cycles hz}s continued to the present ( u[:tin R
1994). Based on climatic variations dum.lg the most rc?ent. ar;oy? 1(1: Wing
episode (1880-1920), a further assumption for ‘charm.cl ‘cumng is that fo :()j th‘i
dry periods, a high frequency of high-intensity ramf_all f:vm:;'s[ ﬁcc&;;rgo)
ultimately lead to channel incision(Leopul.d.IIQSll;Ballmg and Sﬁ s,‘ “ '[ha(
Leopold (1951) analyzed precipitation records at Santa .
extended back to 1849. Only records extending back to 1868 cuuf]cl l{)ic 0 tad >
and were reanalyzed by the authors in this paper. No trend \‘VdS etec emal
average annual rainfall (Leopold, 1951) (Table 3.1). The average ant

Table 3.1. Average frequency, in days per year, of rains of various sizes
during six time periods.

Average number of days having rainfall of indicated amount
i i Daily Rainfall | Daily Rainfall
?_21:: tﬁz:l?f?'lf] 12.7 2(25-4 mi Gre);ler than M?an Annual
Time Period mm (days) (days) 25.4 mm (days) | Rainfall (mm)
1868-1880 68.1 4.6 2.1 345
1881-1910 822 55 1.1 360
1911-1930 83.0 54 152 364
1931-1950 76.6 4.8 151 357
1951-1970 63.5 53 14 350
1971-1993 58.6 52 1.6 355

: ily rainfall in three classes, less than 12.7 r.nm, 12.7 to 254
iﬁg?zgzygf;aiil t{mu 254 mm, was ca]culatfad for sclecte.d time pi‘srlc;fs f:grg
1868 to 1993, The data showed an increase in freque‘ncy in the '16551;; éilu_ ]93;0
mm class from the period 1868-1880 to the time periods spannmg .
(Table 3.1). The frequency of daily rainfall grt?aler t.han 254 H]‘_][i“ ;eg bt
after 1880. After 1930 the frequency of ds-tily.ramfall in the ltfsszsa: I.l an
class decreased, and after 1950 daily rainfall in the greater than 25.4 mu
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increased slightly. According to Leopold (1951),
low-intensity rainfall. Periods characterized by
be associated with an increase in vegetation den
(Leopold,

vegetation utilizes
low-intensity rainfall tends to
sity and a decrease in erosion
1951), assuming no change in land use. Conversely, high-intensity
rainfall tends to be associated with increased runoff and erosion. From 1868 to
1880 low-intensity rainfall occurred relatively infrequently and high-intensity
rainfall occurred slightly more frequently (Leopold, 1951); therefore climatic
conditions in the southwestern United States may have been conducive to the
widespread arroyo incision that occurred in the late 19th and early 20th
century. Analysis of the climatic record by Leopold in 1951 led him to
conclude that arroyo incision occurred during periods of aridity
Leopold and others (1966) calculate
dividing annual rainfall by the number of days having rainfall in that year. For
a constant annual precipitation, higher values of average rainfall intensity
would indicate that annual rainfall fell in fewer days, presumably with a greater
intensity that could have resulted in accelerated erosion. A plot of average
annual rainfall intensity (Fig. 3.1) shows more intense rainfall in the period
1853-1880 that may have led to late 19ih century arroyo incision. Based on the
manner in which Leopold (1951) and Leopold and others (1966) interpreted
average annual rainfall intensity, rainfall since 1967 may indicate that climatic
factors are favorable for arroyo incision in the southwestern United States.

d average rainfall intensity by

g4 Using Annual Values

Long-term Average = 4.76mm

1A WAWMA
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Fig. 3.1. Average annual rainfall intensity, Santa

Fe, New Mexico,
1853-1993.
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4., SUMMARY AND CONCLUSIONS

Recent studies in the southwestern United States indicate that many incised
channels are aggrading. Graf (1987) indicated aggradation beginning about
1940. Studies of the Rio Puerco and Zuni River tributaries suggest inner
floodplain aggradation within arroyos that developed in the late 19th and early
20th centuries. Beginning about 1930, climatic records at Santa Fe, New
Mexico, show a decrease in the frequency of low-intensity rainfall, the type of
rainfall associated with increased vegetation growth and channel aggradation.
Average annual rainfall intensity increased and has generally remained above
normal since 1967. The decrease in frequency of low-intensity rainfall at Santa
Fe indicates that climatic conditions may be suitable for a period of
degradation, contrary to onsite evidence from the Rio Puerco and Zuni River
tributaries. Because precipitation records for Santa Fe may not be
representative of the entire southwestern United States, the conclusion remains
tentative pending climatic analysis for other areas.

The arroyo incision in the late 19th and early 20th century may have
involved climate change as a triggering mechanism. Valleys in the
southwestern United States had filled since an earlier cutting episode 400-800
B.P. and probably were at the threshold of incision in the late 19th century.
Evidence that arroyos currently are aggrading may suggest that the initiation of
later-stage aggradation in arroyos is partially controlled by intrinsic conditions.
These intrinsic conditions are determined by hydraulic properties related to
channel geometry and the stage of arroyo evolution. Although climate may
have been the triggering mechanism for arroyo incision that began in the late
19th century, climate may not be the main factor in channel aggradation,
Intrinsic conditions determined by hydraulic properties related to channel
geomelry and the stage of arroyo evolution may be a major influence on
channel aggradation, whereas climate may exert a major influence on the rate
at which channels aggrade. The preliminary conclusions in this paper are based
on initial data and further data sets and interpretations are forthcoming.
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