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Abstract

Over the past decades, it has been observed thatrdamflow characteristics in the
Great Plains rivers have substantially changedesé&lthanges have affected and will continue to
affect the management decisions within the watekshieis study was undertaken to document
the changes for some unregulated streams in Kacisaigcterize the streams in terms of some
hydrologic indices, and identify the probable fastmfluencing the changes. Fourteen
unregulated streams with 60 or more years of dhdgharge data geographically distributed
across the state were used. The analysis focusbgdvalogic indices judged to be relevant to
the lotic ecosystem. The state was divided intw fegions, representing roughly the northwest,
southwest, northeast and southeast sections stdatee Log Pearson Il method was used for
computing flow probabilities, Mann-Kendall testaanjunction with Sen’s slope estimator was
used for trend analysis, whereas the indicatohs/dfologic alterations software was used to
generate most hydrologic indices. Several fadteteved to affect the streamflow were
identified, and their influence was modeled overeti A multi-variate statistical model was run.
Results show that there is substantial differendde streamflow characteristics between the
western and eastern regions. Many streamflow éspewe changed over time, and a number of
them show significant and important change. Mastashs in western Kansas have longer and
more frequent dry periods. Potential recharge fatel use, water use, soil and water
conservation practices, and soil type were sigaifidactors influencing the median to very low
flow, but the effect varied among the regions. URsf this study could be useful to decision
makers, water users, watershed stakeholders, aimd@mental conservation advocates in

addressing problems and concerns related to sedmver management.
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CHAPTER 1 - Overview

There is an ongoing competition for the use of watehe world. Conflicts exist between
neighboring administrative boundaries regardinghtjiaand quality of water coming in and out
of their jurisdictions. There is also competitiogtween users of water within watersheds and
stream segments. Agriculture, domestic, indusamal aquatic resources are competing to get
their share of water from relatively limited wassurces. Kansas is a classic example of a
region that has ongoing disputes over water witght®ring states and also internal competition
between users of its highly regarded resource:rwatandlocked and predominantly under a
continental climate, Kansas relies on precipitgtishich accounts for 98% of the total water
budget (Koelliker, 1987; Koelliker, 1998; Sophoalep1998) for much of its needed water.

This makes the competition between users toughee sitreams are mostly fed by the surface
runoff from the adjacent fields. Over the past ¥8@rs or so, precipitation amount has changed
little (Koelliker, 1997 as cited in (Sophocleou898)), but water use has changed considerably
(Sophocleous, 1998), making a remarkable impathetandscape, society and the ecosystem
as a whole. Documenting the changes in unreguidtedms, its probable impacts on the aquatic
ecosystem and the factors involved are the majordicthis dissertation.

Introduction

“Many rivers around the world, large and small, @rgng up before they reach their
natural destinations” (Postel and Richter, 2003)stel, an internationally renowned author and
conservationist, recounts that healthy rivers perfa myriad of functions — such as purifying
water, moderating floods and droughts, and maiimtgihabitat for fisheries, birds, and wildlife;
bringing sediment to deltas, delivering nutriemisdastal fisheries, and maintaining salinity
balances that sustain productive estuaries. Fpwiter also attracts people who not only
directly utilize the benefits of the stream butailsdirectly treasure the sight and feeling of the
ecosystem it nourishes. In other words, the flbwater in the streams is the master variable

that controls the river’'s physical, biological, atttemical processes (Poff et al., 1997).



Subsequently, people build houses, communitiggesciand other structures in and around the
streams, thus modifying the stream functions arghtieely altering the streams’ natural
processes (Annear et al., 2004).

On another aspect, agriculture is also drawn taigeof water in order to cultivate and
grow crops for food, feed and fuel. In order tetain an irrigated agriculture, it has to draw
water from either the aquifer below the surfacatmsurface from streams, ponds, and reservoirs.
Much has been said about agriculture taking thensdjare of water used, roughly two thirds of
the total use on the global scale. This large aehfiar water has helped dewater our streams
and lowered groundwater levels. This conditionihaseased to the extent that the groundwater
is ceasing to supply the dependable baseflow oegmenennial streams, thus making them
intermittent.  In addition, it has also altered tdo@nectivity and natural flow regime of the
streams to the detriment of the riverine ecosystem.

The Great Plains rivers and streams are not imrfronethis condition. Several
researchers have pointed out the changes happertimg streams that may impact the water
quality (Angelo, 1994), water resource (Sophocle@092), freshwater ecosystem (Dodds et al.,
2004), and fish species distribution (Hoeinghangqress). It has been acknowledged to be
highly endangered conditions that can serve asadehsystem for studying disturbance ecology
especially for temperate freshwater (Dodds efal04).

Analyses in this study focused on the unregulatesis across Kansas which will
represent the “unaltered flow regime” of the strearhis eliminates direct modification of
streamflow patterns caused by the regulated refeaselarge dams and reservoirs. The general
approach is to characterize the streamflow actusstate, identify hydrologic indices and
document the historic changes that have occurretltren identify possible factors that brought
such changes to help understand the mechanicslyindghese changes. It is important to note
though that the general approach focused only oregelevant hydrologic indices that have
high ecological relevance.

This dissertation is formatted to contain standialarticles for submission to peer-
reviewed journals, thus, some introductory statametll be repetitive. The overall goal of this
dissertation is to document, characterize and wtaled the historic changes happening in the
unregulated streams of Kansas focusing on a nuoflegologically-relevant hydrologic indices.

An overview chapter puts the study into its propantext. The first part is to characterize the



streamflow patterns in terms of differences andlanities across the different regional settings
of the state. This includes the general flow cbigmstics, extreme events, and some trend
analyses. The second part documents the histoaicges of hydrologic indices relevant to the
freshwater or riverine ecosystem. The focus ofathaysis will be from mean to low flows
including some seasonal analyses with high sigaifte to the ecological processes in the
ecosystem. The third part identifies the factanstgbuting to the changes in streamflow pattern
and adds understanding for the mechanics anditiweilvement. General conclusions and

recommendations are found in the last part of theedtation.

Review of Literature

Hydrologic I ndex

Relating the hydrologic aspects to fish and otlyeraéic studies is sometimes the weakest
link in this type of research. Often, the hydrasbgvill analyze the stream mechanics and
dynamics as well as streamflow characteristics withor or little regard to the aquatic resources
in the streams, and vise versa to an aquatic bgilo@his situation is exemplified by the
construction and development of river and streaocsires such as reservoirs, bridges and
culverts, to the transformation of land into sulslons, farms and forests, with very simplistic
estimates on flow prescription for fishery resosr¢&nnear et al., 2004). A good number of
research studies though have made a remarkalde sirreinforcing this gap in research. It
became apparent that hydrologic indices have &shablished in order to provide aquatic and
ecological factors to form a sound basis for qugint streamflow characteristics. Probably one
of the most referenced articles is that of Poff Watd (1989) when they made a regional
analysis of streamflow patterns of 78 streams adtwes continental United States (US) linking
the streamflow variability and predictability tailocommunity structure. This paved the way
for researchers to focus on some applicable hydioiadices to certain stream segments. There
are different ways by which hydrologic indices abbk categorized. There are indices that
consider the magnitude (i.e., high, median, andflows), flow variability, duration, timing,
frequency and the rate of change of hydrologic &v/@rytle and Poff, 2004; Olden and Poff,
2003; Poff and Ward, 1989; Poff et al., 1997). Wilie increased application of hydrologic

indices for describing various aspects of the stfeav in relation to riverine research, Olden
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and Poff (2003) conducted a comprehensive revietw &fhydrologic indices to narrow down
and remove redundancy in the choice of approphwdieologic indices for hydroecological
studies. Depending on the stream type, as weéllesverriding climatic and geologic
environments, certain hydrologic indices can adexjyaharacterize flow regimes in a non-
redundant manner (Poff et al., 1997). For exanifdmsas streams were characterized as mostly
intermittent flashy and perennial flashy types.ttWduch classifications some of the appropriate
hydrologic indices include: mean monthly flow, madiof annual minimum flows, mean
minimum monthly flows, high-flow volume, frequenoflow-flow spells, low-flow pulse
duration, constancy (Colwell, 1974), seasonal mtadility of flooding, change of flow and
variability in reversals, among others (Olden anff,2003). These hydrologic indices have
relevance to the aquatic ecosystem in terms of aamitgnrichness, stability and persistence,
structure and succession, and population sizejitewnt, specialization and emergence (Poff et
al., 1997).

L ow-flow hydrology

Low flow is the dominant flow condition in most exs. As such, the low-flow level
imposes a fundamental constraint on a river’s ag@atmmunities: it determines the amount of
habitat available for most of the year (Postel Richter, 2003). Most of the low flows are from
groundwater discharge, through springs or genevdilgre the phreatic surface in a draining
aquifer intersects with the stream channel, or feamface discharge from lakes, marshes, or
melting glaciers (Smakhtin, 2001). These sourastam the supply of water in the streams
during periods of no precipitation, which is noriyaleasonal. Nearly all streams need to have
some groundwater contribution in order to providéable habitat for aquatic organisms
(Winter, 2007).

Natural and anthropogenic factors affect the gamtslosses in the low flow of a stream.
Natural factors include distribution and infiltrati characteristics of soils, the hydraulic
characteristics of aquifers, the rate, frequena/amount of recharge, the evapotranspiration
rates from the basin, distribution of vegetatiopety, topography and climate (Smakhtin, 2001).
Streams lose water to groundwater when and whereftiidraulic head is higher than the
contiguous water table. This is particularly conmte semi-arid and arid regions (Winter,

2007). Losses due to evapotranspiration, espgdralin riparian vegetation, could be



substantial. Afforestation for example, has bieemd to have a significant decreasing effect on
the low flows of the streams. Smith and Scott 2)3@ported a reduction in low flows of up to
100% with the establishment of forest in some efrtexperimental catchments in South Africa.
There are different ways of describing and chareztey low flows. The magnitude of
annual low flows, variability of flows, rate of sam depletion, duration of continuous, low-flow
events, and relative contribution of low flow teettotal streamflow are just some of the
measures used in low-flow hydrology (Smakhtin, 2004 number of researchers studied
several measures and indices of low flow from stifé@awv time series. Smakhtin (2001) did a
comprehensive review of the latest developmenthisrfield. In defining the low-flow domain,
mean annual runoff (MAR), mean daily flow (MDF), di@n flow (MF), and absolute minimum
flow (AMF) are the indices usually used dependinglte application. MF is considered to be a
conservative value over MAR because streamflow 8erées data are usually positively skewed.
In displaying the whole range of stream dischaageequency duration curve (FDC) is the most
common choice. Handling zero flows is a commorilehge in dealing with the lower bounds
of the streamflow data, but using FDC could bdttardle this type of data set. Within the FDC,
there are still a number of indices that can bemaed, with most of the focus on 70-99% time
exceedance flow range. Another method of analygig;h is more descriptive of the low flow
rather the whole set of flow ranges, is the lomwsflioequency curve (LLFC). Smakhtin (2001)
describes this as the average interval in yeatdhbaiver falls below a given discharge, taken
from a series of annual flow minima of the origicahtinuous flow series. Theoretical
distribution functions are usually used to extfaetuency quantification of extreme low-flow
events. The most frequently referred to distrdoutunctions include Gumbell, Weibul, Pearson
Type Il and log-normal distributions. A recenu@dy on the probability distribution of low
streamflow series in the US showed that the Logd®ealll and the 3-parameter lognormal
distributions are the recommended distributiongritermittent and nonintermittent (perennial)
streams, respectively (Kroll and Vogel, 2002).cémsideration of continuous low-flow events,
there are three main low-flow characteristics ttaat be considered using the theory of runs, the
run duration, the severity (cumulative water defocithe negative run sums) and the magnitude
(intensity) which is calculated as severity dividgdduration (Smakhtin, 2001). The types of

information derived from this analysis are requifeddifferent purposes.



Another important aspect in low-flow analysis is thaseflow. There are a number of
measures to quantify and characterize basefloveefBav separation is an initial stage in
baseflow analysis, which is the basis for computeigvant indices such as average baseflow
volume, average daily baseflow discharge and basefidex (BFI). Baseflow index usually
describes the main source of water. Streams witRlalose to one have high groundwater
contribution, and BFl is close to zero for epherhsi@ams. Baseflow analysis is closely related
to another low-flow characteristic based on thdyammsof streamflow recession characteristics
(Smakhtin, 2001).

Riverine ecosystem

Riverine ecosystem in this context refers to theatiq community, its physical
environment and the complex interactions within amthe immediate (riparian and flood plain)
corridor of the river/stream. Riverine values oaity be maintained by preserving the processes
and functions of the river ecosystem. The Instr&ow Council (IFC) recognizes five riverine
components: hydrology, geomorphology, biology, watgality and connectivity. River
hydrology deals with four dimensions: lateral (chelnto floodplain), vertical (channel bed with
groundwater), longitudinal (headwater to mouth) ehibnological. The hydrologic record is
needed to assess the habitat changes, hydrautitdnsg, water quality factors, channel
maintenance, and riparian and valley forming preesswhich are all important and affect the
river community in different ways. Geomorphologywempasses a number of stream
characteristics including, but not limited to, chahform and profile, sediment delivery, pool
and riffle balance, ice formation and breakup psses and floodplain management. One of the
essential roles of geomorphology is the dynamieradtion of the river in supplying the needs
for the habitat of the aquatic community. Biologyaiso referred to here as the aquatic and
terrestrial communities comprised of plants andrats from the vertebrates to
macroinvertebrates to the macrophytes that thrivtee river and its periphery. Implied, but not
necessarily an integral part of the aquatic comiguare the predators and other organisms
within the ecotone of the river ecosystem which sbaw affect the healthy interactions of the
riverine ecosystem. Some of the important inforamafor biology is the life history and

hydraulic habitat of different aquatic species adding the questions such as spawning and



feeding habits, habitat use, migration patternd, @edatory and evasive tactics (Annear et al.,
2004). Water quality of the river is an importéanttor that generally dictates the survival and
productivity of the natural inhabitants of the nvedepending on the organism and function,
slight alteration in the chemical and physical elegeristics of water could lead imbalance in the
ecosystem that could somehow change the adapéeductive, behavioral and physical
attributes of organisms. In a broader sense, conitgés defined as the ease with which
organisms, matter or energy traverse the ecotogt@gebn adjacent ecological units (Ward et al.,
1999). In simpler terms, connectivity refers te #xtent of spatial mobility of the living
organisms, energy, nutrients, organic matter ahdrqithysical and chemical components of the
ecosystem. Complexity and interdependence isdlimark of connectivity (Annear et al.,

2004) owing in part to its role played in struchgrisuccession in biodiversity patterns (Ward et
al., 1999). For example, delivery of nutrients atiger essential products from upstream sources
could hamper the survival of the organisms dowastre On the other hand, some aquatic
organisms, like certain fish species, migrate @astr to feed or spawn and rely on the
connectivity of the stream segments to undertak€dnnectivity also refers to the seasonal
flooding that connects the floodplain to the mdneam, and this is important to some organisms
rely on this for feeding and spawning purposes.

The plants and animals living in a river ecosystiapend upon habitat conditions that
are determined largely by the river’s flow. Eanler-dependent animal or plant has different
habitat needs or preferences, which typically \darging their life cycles, as well as different
tolerances for unfavorable conditions. A river&ine species have been tested by nature’s
variability over thousand of years. Factors suclk@mmunism, predation and competition, are
affected by river flow to varying degrees, makihg tlow regime a powerful influence on river
health (Poff et al., 1997; Postel and Richter, 2003

Rationale
The riverine ecosystem responds to different sbresa the river system. Alteration of
any of the natural components could affect therzadaf the riverine ecosystem and could
disrupt, modify or totally eliminate some essenfisdctions and processes of the ecosystem. It is
evident that water flow is the master variable thatates the other processes and functions in



the stream. Ecologically relevant hydrologic iredi@re therefore important to monitor and
characterize to determine the changes that migrg happened or what could happen.

There is convincing evidence that the riverine gstesn has been affected by the
changes in the streamflow patterns in Kansas. Hoehnand what aspects have changed and

spatial extent of these changes are still undocteden

Purpose

The major goal of this dissertation is to docuntlethistoric changes of ecologically
relevant hydrologic indices of Kansas streams. fébas of this work is on unregulated streams
with a long, continuous, daily-discharge recorde Tésearch questions this dissertation aims to
answer are the following:

1. What set of hydrologic indices are relevant in gind the ecology of streams in
Kansas?
Are there substantial changes occurring in theasiseacross the state?
What aspects of the streamflow have changed arteeging?

What factors are affecting these changes?

a kb 0N

Is there a model that could adequately characténzehanges that are occurring?
Consequently, the dissertation will add knowledgelerstanding and awareness on

Kansas streams and rivers with respect to the @sathgt are occurring.

“From a strictly human perspective, healthy rivgrsrform numerous ‘ecosystem
services’ — the processes carried out by naturabgstems to benefit human societies and

economies.” (Postel and Richter, 2003)
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CHAPTER 2 - Differences in streamflow pattern acros Kansas

Introduction

Since the dawn of agriculture in Kansas, there lieeen many changes that have resulted
in the physical surroundings of the state. Rowy@Bl percent of the land area has been
converted for agriculture (Patrick, 1998; Sophouokd 998), and also 90 percent of the total
water pumped from the High Plains aquifer is usedrfigation (Koelliker, 1987; Koelliker,
1998; Sophocleous, 1998). Many streams once cemesigerennial in the area have now
become intermittent as the water table fell belbgstream bed and caused the stream to dry up
during periods of no rain. This condition is mprevalent in the western regions of the state
rather than in the east. A similar observation veg®rted by Perry et al. (2004) to the US
Geological Survey (USGS) in the Scientific Inveatigns Report, which made the estimates of
the median flows for stream segments (Figure 2Al)the stream segments were considered
perennial in the 1960s. It is apparent from tigare that many of those stream segments are
now intermittent. Another interesting observatipthat the eastern and western stream
segments seem to exhibit a different scenarios dhserved difference as well as the behavior

of streamflow pattern over time will be the obje€scrutiny in this paper.

Climate and water resources

Located in the center of the contiguous UnitedeStahe state of Kansas is land-locked,
and the major input of water is through precip@at(rainfall and snow). A general water budget
of the state shows precipitation accounts for 984 to the total input (Koelliker, 1987;
Koelliker, 1998; Sophocleous, 1998). Sophocleo@9812000), describes the water resources
of Kansas knowledgeably in his papers, and he agtgrthat the remaining portion of the water
budget inputs are from the boundary flow at theddisi River and streamflows from adjoining
states of Colorado and Nebraska. Precipitatidainsas decreases toward the north and west,
with the northwest region getting only about hdlfrat in the southeastern region of the state.
This results in the western portion being char&deras semiarid and the eastern portion,
subhumid (Patrick, 1998). During the period ofdm@inantly southerly winds, from April to
September, on average about 70 percent of thepiaipitation for the year occurs. Although
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seasonal, as well as annual, patterns of predgitare highly variable (Koelliker, 1987; Patrick,
1998), May and June are usually the two wettestthsoof the year. These spring and summer
rainstorms tend to be mostly intense and of shanditcbn and they typically cover areas that are
typical of convective-type rainfall.

Figure 2-1. Estimates of median flows for streamsmothe 1999 Kansas surface water
register showing stream reaches below and above la¢shold flow of one cubic feet per
second. Adapted from Perry et al. (2004).

Estimates of Median Flows for Streams on the 1999 Kansas Surface Water Register
KSA 82a-2001 Median Flow !

2

R e

Median Flow => 0.028 cu. m per sec. (1 cfs) County Boundary

Median Flow < 0.028 cu. m per sec. (1 cfs)

The mid-latitude location of Kansas, far removeaiirthe marine influence and without
transverse mountain barriers, produces a wide rahtgmperature (Kincer, 1923; Sophocleous,
1998). Annually, the temperature ranges from hiaylasind 100°F (38°C) and lows below O°F (-
18°C). Within the state, the average temperatunich varies primarily due to differences in
latitude and elevation, increases steadily fromhveest to southeast. The average annual

temperature is about 58°F (14.4°C) along the soatitral and southeastern border to 52°F
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(11.1°C) in the extreme northwest corner of théest8ophocleous, 1998). The long, warm
season, is usually from mid-April to mid-October.

The prevailing wind in Kansas is southerly, althomgrtherly winds are also common.
Winds are mostly in the moderate to strong categ®hey average about 24 km/hr (15 mph) in
the west and 16 km/hr (10 mph) in the east. Thebtoation of the wind and temperature,
among other climatic factors makes the state te laavigh evapotranspiration rates. Roughly 90
percent of the rainfall that occurs is lost backi® atmosphere through evapotranspiration. In
western Kansas where there is relatively low pitatipn, a moisture deficit exists in
consideration to the potential evapotranspiratibtine region. Here moisture deficit refers to the

difference between free-water surface evaporatimmhaaerage annual precipitation (Figure 2-2).

Figure 2-2. Moisture deficit computed using annuaprecipitation minus free water surface

evaporation (inches). Adapted from Sophocleous (189

Hydrogeologic characteristics

The general topography of Kansas is characterigethaastward-sloping plain that
gradually rises from east to west at a rate of agprately 1.9 m per kilometer (10 ft per mile).
The western half has slightly steeper slope tharettstern half (Sophocleous, 1998).

The surface and subsurface geology of Kansas gliffem one area to another because
of the seas, glaciers, and rivers that in sometpoitime influenced the topography of the
region. Essentially, most of Kansas is underlaih wedimentary rocks. The total thickness of

the sedimentary rocks ranges from about 300 m Q1ff)@n eastern Kansas to more than 2,700
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m (9,000 ft) in southwestern Kansas (Sophoclec2@3) In western Kansas, especially,
sedimentary rocks, of the unconsolidated or loopaliked type, are the major source of ground
water, which is essentially part of the High Plamggiifer. The High Plains aquifer, which
underlies eight neighboring states, refers to thgelraulically-connected but areally distinct
aquifers within Kansas, namely, the Ogallala, theaBBend Prairie and the Equus Beds
(Sophocleous, 1998; Sophocleous, 2000; Sophocl@60s). In the southwestern part of the
state, a considerable region is covered with sames] especially along the Arkansas River.
Most of the eastern portion of the state surfac# Bermian and Pennsylvanian rocks which are
generally remnants of the rising and falling séws happened eras ago (Sophocleous, 1998).
They consist of layers of shale, limestone, samé&st@nd chert, which is said to have formed the
Flint Hills. Practically, the Kansas water res@g@are affected by the geology of the state,
influencing both the quantity and quality of watieat flows in its streams or that can be obtained

from wells (Sophocleous, 1998).

Streamflow generation

Most of Kansas’ streams were categorized by sortt@esias intermittent flashy (Olden
and Poff, 2003; Poff, 1996). This is partly duehe fact that most of the streamflow originates
as precipitation (Patrick, 1998), and the precijtain Kansas is of short duration and high
intensity from storms that cover relatively sma#as. Another controlling factor is the land
cover, which was historically perennial grass. Mo€khis land cover has been converted to
cropland. In addition, these lands are underlaih mostly slowly permeable soil (Sophocleous,
1998), except in the alluvial floodplains and tbethwest and south-central regions. Unlike
forest trees, grasses and cropland tend to holsutiace runoff only for minimal periods of time
and thus contribute to the flashy characterististcdamflow (Annear et al., 2004). With
precipitation increasing from only 46 centimete8 {nches) in the west and a little more than
102 cm (40 inches) in the east, overall Kansasrisidered a semiarid region (Committee on
Integrated Observations for Hydrologic and Rel&etences, National Resource Council, 2008).

Many perennial streams in Kansas have permanearsfiow or baseflow as a result of
groundwater discharge. On the other hand, streamfiay be the major source of recharge to
some alluvial aquifers (Sophocleous, 1998a). Therdependence of surface and ground water

is essential in the management and utilizatiorme$é resources.
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Historical background

The earliest European settlers of Kansas found @f ldifficulty farming in the treeless
plain, flat topography, dryland condition and adztguyet inaccessible water sources (i.e.,
streams and aquifer) (Koelliker, 1987). After tiast Bowl of the 1930s, soil conservation
practices were started and a renewed interesafordrs to till Kansas land began. Farm
mechanization, irrigation and improved crop manag@nsystems that started from about 1940
to 1980 boosted agricultural production in theestdh terms of water use, the introduction of
the turbine pump and the discovery of natural gauthwest Kansas helped spur the interest in
irrigation in the region. By the 1970s, water waflg withdrawn from the aquifers several times
faster that was being replenished (Froth, 1988]lkee, 1987). Koelliker (1987) recounts that
the number of center-pivot irrigation increasedabpduring the 1970s because of its many
advantages, including better efficiency and lovedor requirements. Around this time, over
600 dams and reservoirs were built across the asapart of watershed projects to reduce local
flooding, reduce soil erosion, increase water-baseckation and, in some cases, provide public
water supplies. The combination of surface impougrinand groundwater extraction has
created more water availability, as well as watealidy problems for the state as a whole
(Sophocleous, 1998a).

Relevant aspects of streamflow
Streams can be characterized in many different waymost irrigation and flood
projects, median to high flows are the major conseror the purpose of this study, focus was
given to median to low flows as these aspects@fltw have big impact on the habitat of the

aguatic ecosystem.
Methods

Selection of gauges
Selection of gauging station was based primarilynenavailability and length of daily
discharge data and whether the stream is unreduatendicated in the remarks of the USGS
Water-Data Reports (Putnam and Schneider, 2008¢omling to the USGS Reports, an
unregulated stream denotes the absence of magwoes and diversion dams upstream of the

gauging stations that would otherwise substantiaflyence the streamflow. However, there
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may be substantial groundwater abstraction angaiion activities within the watershed that
may somehow affect the streamflow at the gaugiatiost. For the purpose of the study,
unregulated streams represent streams whose fipmeenas not been artificially altered,
especially by flow regulation. Nevertheless, theat is still expected to exhibit changes in
streamflow pattern due to other factors withinwaershed.

Another consideration is the spatial distributidrih@ gauging stations (Figure 2-3).

Two considerations were taken into account: théhasouth and east-west orientation, and the
ecoregional representation. It should be notetiKhasas climate varies more greatly from east
to west than from the north to south. However wager resources regions by USGS, which are
based on the major watershed divide between thed&and Arkansas Rivers, is on a north-
south orientation (Figure 2-3).

This study looked at these orientations as poss#alsons for the variations of the
streamflow pattern. Incorporating the ecologiedvance, gauging stations selected were also
located to represent relevant ecoregions. Thersareral ecoregions that exist in the state of
Kansas (Figure 2-4): ecoregions by Omernik (128id) Bailey (1983), National Ecological
Observatory Network (NEON) regions (Hargrove et2006; Keller et al., 2008) and fish
ecoregions (Hawkes et al., 1986). The ecoregigr@rhernick and Bailey are based more on
the environmental factors creating variations melcosystem (Bailey, 1983), and causal and
integrative factors for the potential natural vedgien (Hargrove et al., 2006; Omernik, 1987).
Both of Omernik’s and Bailey’s ecoregions, thougliatic ecosystem was considered (Bailey,
1983), do not entirely represent the differencesgunatic ecosystem of Kansas and combine
different water resources regions in which the biglyic regimes are very different. NEON
ecoregions empirically partitioned the US into 20&imatic domains using a comprehensive
statistical analysis of ecoclimatic state varialaed dynamic air mass seasonality data, among
others (Hargrove et al., 2006). Applicability bEtNEON ecoregion for this study is relatively
inappropriate. Fish ecoregions were the closqsicgble regional delineation found. The
delineation of the fish ecoregions was done by Hzsndnd others (1986) based on ecologically
meaningful fish assemblage and canonical discrintinaalysis of environmental variables (i.e.,
mean annual runoff, mean annual growing seasonsta@am discharge). One good

characteristic of the fish ecoregion is that itfooms with the hydrologic unit and watershed
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divides as well as the east-west orientation ofd@arthat dictates the regional variation on

climate. With minor modification, this ecoregiorasvadopted to group the gauging stations.

Figure 2-3. Location of the selected gauging stats and the regional grouping.
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Comparison of streamflow aspects
Several aspects of the streamflow were computethéselected streams in Kansas. The
“approved” USGS daily streamflow data were down&xattom the USGS website
(http://waterdata.usgs.gov/ks/nwis) for the yegastisig 1931 though 2006. A summary of the

data and some characteristic information of theggegstations are presented in Table 2-1.
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Figure 2-4. Different ecoregions of Kansas: a) egion by Bailey (1983); b) ecoregion by
Omernik (1987); c) NEON ecoregion (Hargrove et aR006); and d) fish ecoregions of
Kansas by Hawkes et al. (1986).
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Comparison of streamflow characteristics for thiglg was limited to aspects of the flow
relevant to the habitat and some functions of theatic community (USGS has numerous
analyses on other hydrologic characteristics oflthe in their website and other publications).
In order to compare between different watersheds consistent basis, the unit flow was used
by dividing actual discharge by the effective degja area. In many cases, the unit used was
liters per hour per square kilometer (I/hrAnThis prevented having to work with and report
values in decimal places. However, for this sfudjues of 0.01 I/hr/khor less are essentially
zero. Another method to compare the values betweams is to convert discharge rates into
depth of water per time period (year) by dividihg tlischarge value by the effective drainage

area.
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Table 2-1. Summary of data and other important chaacteristics of the USGS gauging

stations
Station Start Effe_ctive Regiqnal
No Name date Drainage Remarks grouping
2
Area (km")
6846500 BEAVER C AT CEDAR BLUFFS 5/13/1946 3,429 Northwest
6860000|SMOKY HILL R AT ELKADER 10/1/1939 9,207 Northwest
6863500|BIG C NR HAYS 4/1/1946 1,421 Northwest
6873000|SF SOLOMON R AB WEBSTER 1/8/1945 2,694 Northwest
RE
6889500|SOLDIER C NR TOPEKA 5/23/1929 751 Northeast
6892000|STRANGER C NR 4/21/1929 1,052 Northeast
TONGANOXIE
6914000|POTTAWATOMIE C NR 10/1/1939 865 Discontinued Northeast
GARNETT after 2000
6914100(POTTAWATOMIE C NR SCIPIO 10/1/2000 888 Replaced Northeast
6914000
7141200|PAWNEE R AT ROZEL 10/1/1924 5,206 Southwest
7144200|L ARKANSAS R AT VALLEY 6/10/1922 3,237 Southwest
CENTER
7149000|MEDICINE LODGE R NR 2/11/1938 2,339 Southwest
KIOWA
7157500|CROOKED C NR ENGLEWOOD 10/1/1942 2,106 Southwest
7167500|0TTER C AT CLIMAX 10/1/1946 334 Southeast
7172000|CANEY R NR ELGIN 10/1/1939 1,153 Southeast
7180500|CEDAR C NR CEDAR POINT 10/1/1938 285 Southeast

Low flow was one of the major foci in this studyow-flow parameters, such as zero
days, days below threshold, 1- and 7-day annuahmaim, and a number of seasonal and annual
low-flows measures, were also examined. An amtyitiiaw threshold of 0.028 ffs (1 cfs) was
used for the purpose of establishing a method alfyars using threshold levels (e.g., threshold
for fish survival or passage). Some high-flow pagtams were also explored, not only as a factor
in maintaining aquatic diversity but also to geflimpse of what is happening on the watershed.
In most cases, the Log Pearson Il distribution wsexd in the analysis due to numerous zero
values in the streamflow data and as recommend&ddilyand Vogel (2002) in their study of
the low-streamflow data series of numerous straartitee US. Log Pearson Type Ill method

uses Poisson process to describe the probabilidg@irrence and is particularly applicable to
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skewed dataset. The HydroToolbox, an Excel adddmich has a built-in Log Pearson I
computational function, was used (http://www.dantitimoedu/~renshaw/hydrotoolbox - accessed
20 February 2009).

Periods of analysis

In synchronization with the Kansas fish collectdata (K. Gido, 2007, personal
communication), periods of analysis were estabtiski¢h length of each period at around 15
years. The periods identified are: 1931-47, 19281863-77, 1978-92 and 1993-2006. Other
than being coincident with the fish collection ddteese periods also coincide with some events
in agriculture, climate and irrigation. The fipgriod (1931-47) could be associated with the
time before soil and water conservation and irragatvere widespread in Kansas. The next
period, 1948-62, corresponds to the time whendrgel federal reservoirs were constructed and
soil and water conservation and irrigation wasditga@eveloping, leading to the fragmentation
of major streams. The 1963-77 interval represdm@period of rapid increase in groundwater
extraction from irrigation development. Adoptianitrigation tapered off and crop residue
management was being practiced around 1978-92 (Ragd Alam, 2008). The period of
1993-2006 represents the sustained soil and watesecvation efforts in agriculture as well as
high water use efficiency of irrigation systemsnafly, for studies on dryland watersheds, a
minimum of 15 years is needed to establish readersaierage to minimize variations due to
climatic effects (Hauser, 1968).

Trend analysis was also performed in some parameildre Mann-Kendall trend
analysis was employed to determine if there igaiscant upward or downward trend over time
in the dataset. Mann-Kendall analysis is a non+patac method of detecting trend suitable for
non-normally distributed data such as most hydrmoatic datasets (Yue et al., 2002) and it
establishes if the dataset has a significant pesdr negative trend. However, the magnitude of

trend and the slope is not computed by this method.
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Results and Discussions

General flow characteristics

A quick look at Table 2-2 would intuitively showelifferences and similarities of the
streams being analyzed. Median unit flow showsdhaging stations 6846500, 6860000 and
7141200 have similarities in their long-term (using all data from the station) values and
considering the values by periods, all are exmfgia downward trend in flow over time. As
early as the 1963-77 period, the median flow, wiscthe flow at 50% probability of exceedance
taken using the Log Pearson Il distribution, weacgically zero in these streams. One common
factor of these streams is that they are adjacethiet High Plains aquifer. The same downward
trend could also be observed on stations 6863®XBM@O0 and 7157500, except that stations
6863500 and 6873000 rebounded in the 1993-2006¢peAll but one of the other stations in
the eastern regions show a steady and upward inghdir median flows by as much as two to
three times that of their 1930s flows. This casodle observed in the total annual streamflow.

Figure 2-5 is a graph that compares the 5-yedinigaaverage of total annual streamflow
and 5-year trailing average precipitation of Kansagrms of depth. The 5-year trailing average
value for a year is the average of the current pear previous four years. It is useful in
ecological studies since the existence of aquatjarosms is determined by the current flow and
the flow from the previous period than by the fetflow of the stream. The National Oceanic
and Atmospheric Administration (NOAA) estimatesttfta the 1931-2006 record for the whole
state of Kansas, the increasing trend in precipitas at a rate of approximately 1.35 cm/decade
(http://climvis.ncdc.noaa.gov/cgi-bin/cag3/hr-deyB.pl - accessed 23 March 2009). Though
there is still variability, stream gauges in thetgdashed lines) also depicts a steady increasing
trend in flow.

Results from the Mann-Kendall trend analysis (TabR) confirm the significantly
increasing trends in four of the six stations ia #ast at the 90 percent confidence interval.
Streamflow in the western region (solid lines) aeey erratic and it is difficult to see any
generalization or trend at this scale. Lookindead at the result of the trend analysis shows that
some streams have significantly decreasing treiis ennual streamflow. It is fitting to point
out that even on the annual scale streamflow gaogeris very much controlled by precipitation

such that the dips and ups in the precipitatiorchaarly reflected in the streamflow.
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Table 2-2. Median unit flow discharges of the sti@m at the gauging station over the

periods of analysis (I/hr/knf).

Station No | 1931-47 1948-62 196377 1978-92199>  Lond- | Region
2006 term*
6846500 207 3l 0 0 0 1| Northwest
6860000 31 51 15 0 2 6
6863500 715 801 491 405 1,116 919
6873000 173 926 264 46 276 231
6889500 2,781 3361 4297 5299 4562 7,011 Northeast
6892000 3725 4192 4707 5564 4277 5876
6914000 4435 1022 2756 1,931 2024 2223
7141200 115 159 1 0 0 7| Southwest
7144200 1511 1,885 2,233 1837 2430 1,928
7149000 1855 5163 4530 5404 7,024 5678
7157500 959 784 933 483 417 829
7167500 1453 415 3597 2977 3158 2,769 Southeast
7172000 2274 921 4479 3776 6899 3,283
7180500 0796 2,102 5504 10,406 11,080 9,915

* using all data from the station

Table 2-3. Result of the Mann-Kendall trend analyis for annual streamflow at the gauging

stations at alpha = 0.1.

Region Station TestZ Significant Trend
Northwest 6846500 -3.30 Downward
6860000 -3.42 Downward
6863500 -2.58 Downward
6873000 -3.54 Downward
Northeast 6889500 1.99 Upward
6892000 1.85 Upward
6914000 0.98 None
Southwest 7141200 -3.74 Downward
7144200 2.59 Upward
7149000 1.01 None
7157500 -3.10 Downward
Southeast 7167500 0.71 None
7172000 1.71 Upward
7180500 1.32 Upward
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Figure 2-5. The 5-year trailing averages of the tal annual streamflow and annual precipitations in Kansas. Precipitation
data were taken from NOAA. Linear trend lines (gey) were drawn for the precipitation (solid line),southeast stations (short

dashed-line), and the southwest stations (long dasti-line)
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Looking into the seasonal variation (Figure 2-6)dbwiding the year into seasons (March
to May is spring, June to August is summer, Sep&rtioNovember is fall, and December to
February is winter), spring and summer generate aflprecipitation, and the eastern streams
are responding accordingly. However the westagasts rarely exceed more than 2 cm of
streamflow. Two things are evident in this figuttee drought and flood responses. If a
substantial decrease in the summer precipitatiexperienced, there is drastic reduction also in
the streamflow and it takes some time before tteasts recover as evidenced by the 1950s
drought. On a similar manner, the wet years oketdndy 1950s (ranked 112 and 114 by NOAA
against all its record) was almost replicated aeharly 1990s (ranked 110 and 113)
(http://climvis.ncdc.noaa.gov - accessed 3/17/2009) the response of the streams during the
summer in the 1990s was substantially below thehdigye at the same stream during the 1950s.

This was similar to the observation of KoellikePgB).

Low flows

The low-flow unit discharges, which were obtainetenusing the value at 90%
probability of exceedance from Log Pearson lllmilsition, of the streams are presented in
Table 2-4. Also included in the table is the thiad flow in unit discharge of the individual
streams if the actual flows were not less than®18%s (1 cfs). It appears from the condition of
the flow that the low flows are prevalent in thestegn region even before the 1930s. This
somehow supports the intermittency of the streamk&@ansas. Only three of the 14 streams have
a dependable low flow above the threshold. Intergly, at the end of the 2006, there are now
seven streams that have low flows above the thiéséneels, and most of these streams are in
the eastern region.

Low-flow conditions, in terms of zero flow and bekdhreshold flow days, depict the
intermittent condition of the streams on the westegions of the state. Figure 2-7a shows that
at the high ends, 20 to more than 50 percent dfitte, the flow is zero at these gauging stations
(i.e., 6846500, 6860000, and 7141200) with a neftiincreasing trend over the decades.
Comparing the zero flows of during 1978-92 withsamf 1993-2006; it seems that the streams
are gaining flow somewhat between these two peramt®nd shared by most other streams. At
the other stream gauging stations, zero flows seldocur more than 10 percent on the average.

The majority of the eastern streams appear to peoving in terms of zero flows.
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Figure 2-6. Seasonal 5-year trailing averages die streamflow and precipitation depths by regionatlustering.
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Table 2-4. Low flow discharges (90% probability olexceedance) of the stream at the

gauging station over the periods of analysis (I/hkm?).

Station 1931- 1948- 1963- 1978- 1993-| Long- |Threshold | Region
No 47 62 77 92 2006 | term* flow**
6846500 2 0 0 0 0 0 30| Northwest
6860000 0 0 0 0 0 0 11
6863500 13 64 172 73 8 41 72
6873000 0 4 2 0 0 1 38
6889500 6 6 690 836 828 70 136| Northeast
6892000 22 32 433 249 409 94 97
6914000 11 1 25 6 16 7 118
7141200 1 0 0 0 0 0 20| Southwest
7144200 574 455 789 441 646 549 44
7149000 2 83 229 752 934 123 48
7157500 9 2 9 108 103 16 305
7167500 98 0 4 5 253 3 88| Southeast
7172000 2 0 11 7 41 4 358
7180500 109 1 1,348 460 651 87 20
* using all data from the station ** acksareamflow less than 0.028fw (1 cfs)

Days with flows below threshold (Figure 2-7b) fell@lmost the same scenario as zero-
flow days, but are of larger magnitude. For thraesahree gauging stations as above, the yearly
average has increased from 40 to around 65 peotéme time. The period, 1978-92, at station
6846500 reached to as high as 91 percent. Initegbsat this threshold level, station 6914000
exhibited an increasing trend, when the rest céatstern counterparts were on a decreasing
trend. Again, it could be noted that most of ttreams seem to be improving between the
periods of 1978-92 and 1993-2006. Unique among@thers is station 7144200 which did not
have any day with streamflow reading of zero ooiethreshold flow. In general, this
information shows the intermittency of the Kansasasns as well as the differences in the
behavior between the western and eastern streathe sfate.

Exploring the 3-day minimum flows, which is definasl the least sum of flow of any
three consecutive days in a year, of the streamssh different aspect of the stream condition.
If the threshold level will be the minimum valuensidered (0.028 f¥s), most of the streams are
able to support some aquatic life form during noought years (Figure 2-8). Only 4or 5
stations (i.e., 6846500, 6860000, 6914000, and 2U@,1and 7167500 to some extent) could not
adequately support the flow at the threshold I¢wete the change in the scale of the SW graph).
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Figure 2-7. Number of days with a) zero flow and bbelow threshold flow per station and
over the periods expressed as percent of the yeafhreshold flow value was set at 0.028
m%s (1 cfs).
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Figure 2-8. The 5-year trailing averages of 3-dagninima of each station grouped by region.
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But it also shows that, in fact, flows below thestthold level do occur in most of the streams.
This below-threshold condition could actually meadisruption in the function and continuity
of the aquatic community. This intermittent corahtis the actual condition of Kansas streams,
and the native aquatic species have already adaptats condition. The only gauging station
that never fell below the threshold was of 7144200 another note, it seems that many of the
streams, especially on the east, are showing &yetiend. But Mann-Kendall trend analysis
identified only two streams (i.e. 6889500 and 6&¥BQo be showing significantly upward trend
at an alpha of 0.10. Moreover, it could also bsepbed that northeast gauging stations have

higher values of 3-day minima compared to theittlseast counterpart.

High flows

The high flows, represented here by the flow ay&8r return period (Figure 2-9), show
that western streams have a lot more differencésvanability than the eastern streams. The
streams on the east have a general increasingrpatité time except for two stations. While in
the west, almost all of the streams show a downwardl. But, one interesting observation is
the rebound of the trends during the recent pgfi€83-2006). Other than the east-west
grouping of the stream gauges, one other factomoomto them is the magnitude of flow. Itis
evident that that eastern streams have relatiaetjelunit discharges essentially because of the
difference in precipitation received; about twiddhe western precipitation. Watershed
modifications, such as soil and water conservattoaunctures and practices, probably have
minimal impact on the high flows of the streamdiomeast. However, the same watershed
modifications could be one of the driving factdrattreduce the high flows in the west. These
high flows are relevant in the aquatic ecosysteamseshey command the changes in the
morphology of the streams, rearrange the streammagedrials, deliver essential nutrients to the

floodplain, and maintain ecosystem diversity in shheam, among other functions.
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Figure 2-9. Unit discharge at 10-year return perid at the gauging stations of streams in

the west and east. The y-axes are in log scale ahe unit is I/hr/km?.
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Summary and Conclusions

Streams are one of the valuable resources of éte Iseing shared by numerous users.
Agriculture, being the biggest water user, has naaldey impact on the water sources. One of its
impacts is on the water flowing on the streamsrarets. But Kansas streams are not the same.
Most of them are intermittent, but not all of theespond equally from changes in the watershed
and climatic conditions. Since the 1930s, Kansasipitation has been increasing at a slow but
steady trend. Most of the eastern streams seatsddiave an increasing trend in their high,
median and low flows. Western streams do not stii@eame trend. As evidenced by this
study, western streams do not exhibit increasieigdin their median flows. Conversely, the
low and high flows are generally decreasing overdécades with an increasing number of days
with no (zero) flow. Applying an arbitrary flowishold, in this case 0.028%® (1 cfs), the
numbers of days below this threshold in westemeasiis are all increasing. Such application of a
flow threshold could be the defining factor for thavival or extirpation of certain aquatic
organisms.

Changes and activities in the watershed are prglzabating the different responses of
the streamflow. It should be noted that extenaryecultural development and groundwater
abstraction happened in the 1960s through the @889s, and these might be the reason for the
sudden changes in the low and high flows of thew&ke rebound observed in the low flows
might be because of the sustained soil and wateserwation efforts in agriculture and the
relatively high water use efficiency of irrigatiggstems.

There is now reason to conclude that streamflowe@smf most Kansas streams are
changing, and the pattern of changes varies relijyoriBhe major contributing factor for the
different response or pattern of change is theipitation, in terms of the regional difference in
precipitation amount, but activities and changeth@watershed are probably more influential.

It is therefore important that before making futdesisions that will or may have effect on
streamflow conditions, it is imperative to consitlee local conditions, such as land use, water
use, and conservation practices, as well as thersfetd’s regional or climatic condition, such as

precipitation.
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CHAPTER 3 - Historic changes in ecologically relevat hydrologic

indices of unregulated Kansas streams

Introduction

Historical background

Historically, Kansas was part of the great expariggassland of the Great Plains. Early
settlers discovered that tilling this grassland seteethick nutrient-rich topsoil had existed
through hundred of years of natural developmentlevba an ideal place to grow agricultural
crops. Though the settlers found a lot of diffigifarming in the treeless plain, flat topography
and dryland condition, adequate water sourcessfrreams and aquifer), yet still inaccessible at
that time, are available (Koelliker, 1987). Mudttlte grassland has been tilled without regard
for soil conservation and proper residue managemgméen, the Dust Bow! of the 1930s came
sweeping the unprotected soil destroying cropsliaedtock as well as taking a toll on human
lives. After the Dust Bowl, soil conservation praes were started and farmers found a renewed
interest to till Kansas land. Developments in fanechanization made farming easier and
irrigation technologies were already becoming aldd. Coupled with improved crop
management systems, agricultural production irstate was boosted from about 1940 to 1980.
The introduction of the turbine pump and the disgg\wf natural gas in southwest Kansas
helped spur the interest in irrigation in the regiBy the 1970s, farmers realized that the
groundwater was being depleted faster than wagjlsepienished by nature (Froth, 1988;
Koelliker, 1987). Koelliker (1987) further statimt the number of center-pivot irrigation
systems increased rapidly during the 1970s beaafubeir many advantages including better
efficiency and lower labor requirements. Over 86tall flood-control and multi-purpose dams
and more than 20 large federal reservoirs have beitrsince the 1950s across the state as part
of the watershed projects to reduce local floodreduce soil erosion, increase water-based
recreation and in some cases provide public watgplees. The combination of surface
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impoundments and groundwater extractions has ceedéer-availability, as well as water

quality problems for the state as a whole (Soploade1998).

Hydrologic indices

Hydrologic and aquatic studies are highly interidkbut in many cases, seldom studied
together. Often, the hydrologist analyzes theastrenechanics and dynamics as well as
streamflow characteristics with minor or little eggd to the aquatic resources in the streams, and
vise versa to an aquatic biologist. Constructioa development of river and stream structures,
such as reservoirs, bridges and culverts, to gresformation of land into subdivisions, farms
and forests, often have very simplistic estimatefiawv prescription for fishery resources
(Annear et al., 2004). It is apparent that hydgaiondices have to be established in order to
provide aquatic management and ecological studsesiad basis for quantifying streamflow
characteristics. Probably one of the most refer@actcles on this matter is that of Poff and
Ward (1989) when they made a regional analysisreémflow patterns of 78 streams across the
continental United States (US), linking the strelamfvariability and predictability to lotic
community structure.

There are different ways by which hydrologic indi@®uld be categorized. There are
indices that consider the magnitude (i.e., highdiare and low flows), flow variability, duration,
timing, frequency and the rate of change of hydjml@vents (Lytle and Poff, 2004; Olden and
Poff, 2003; Poff and Ward, 1989; Poff et al., 199@)lden and Poff (1997) conducted a
comprehensive review of 171 hydrologic indicesaorow down and remove redundancy in the
choice of appropriate hydrologic indices for hydralegical studies. Depending on the stream
type, as well as the overriding climatic and ge@a@mnvironments, certain hydrologic indices
can adequately characterize flow regimes in a eoosrdant manner (Poff et al., 1997). For
example, Kansas streams were characterized asynmastimittent flashy and perennial flashy
types. With such classifications some of the appate hydrologic indices include: mean
monthly flow, median of annual minimum flows, meamimum monthly flows, high-flow
volume, frequency of low-flow spells, low-flow pelsiuration, constancy (Colwell, 1974),
seasonal predictability of flooding, change of flamd variability in reversals, among others

(Olden and Poff, 2003). These hydrologic indicegeh@levance to the aquatic ecosystem in
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terms of community richness, stability and persiség structure and succession, and population

size, recruitment, specialization and emergenc# @Ral., 1997).

Changes on aquatic community and diversity

There are several ways by which the riverine edesysould be affected by the changes
in streamflow patterns. Flood patterns and frequedrought, decreased flows or low flows,
and average sustained flows are some of the imdttav patterns in a river ecosystem. But as
far as habitat degradation, vulnerability to extrpn, and critical threshold of existence are
concerned, the lower stages of flow are the mopbitant aspect of streamflow patterns for the
fish and river inhabitants. In the 2008 annuabrepf the American Fisheries Society on the
conservation status of the North American freshnael diadromous fishes, it listed habitat
degradation and nonindigenous species as the mmaats to at-risk fishes and could be
associated with the 92% increase in imperilmentlahd fishes from its 1989 listing (Jelks et
al., 2008).

There is convincing evidence that riverine ecosystbave been affected by the changes
in the streamflow patterns. The responses ofaastrhabitat and macroinvertebrates have been
studied extensively in a number of streams arobadvorld. Dewson et al. (2007) have a good
review on almost all the published research linldegreased flow to instream habitat and
macroinvertebrates. Thirty-four (34) documentedists agree fairly well that changes in the
physical habitat such as velocity, depth, wettedthviwater temperature and sedimentation as a
consequence of decreased flow influence on théckastwell as other abiotic properties of
streams. Invertebrate density, richness, and contyncomposition are the most common
reported measure of biotic changes in the liteeatur

An analysis of fish communities in the Little Arksas River Basin by Strong et al.
(1998) showed that during the last 100 years, dlatodn in the fish community composition was
evident. But for the past 25 years of their dafaich was composed of observations from 1884
to 1996, two species could no longer be identifiedrthermore, two other species, namely
Notropis topekaandMoxostoma macrolepidotyrnvere not collected again after it was found in
1884 in Harvey CountyNotropis topekas considered sensitive to habitat degradatioro(gt
et al., 1998).

36



Relevant research

There is now increasing evidence that the streamloaracteristics of the Great Plains
rivers and streams have changed over the pastrgdftoerle et al., 2002; Perry et al., 2004;
Szilagyi, 2006). These streams exist in a preaarimalance between flood and drying (Dodds et
al., 2004), supporting a very diverse and uniqueatiq ecosystem. Although prairie fish living
in smaller streams and headwaters are able to ntastéypical drought condition, the intensity
and the increasingly harsh conditions (Walks et28l07) they are experiencing recently are
probably taking a toll on them. It is thought thfz@se small fishes and other invertebrates take
refuge in perennial pools as the streambed drigsghle changes in these perennial pools over
the years is not known (Walks et al., 2007). Maracroinvertebrates have a rapid recovery rate
after drought due to their mobility and strated@survive drying, but the impacts may be
disproportionately severe when certain criticabiirolds are exceeded (Boulton, 2003).

Attempts to link the streamflow to the aquatic ¢&bsm are available. Decreases in
discharge, in most cases, result in decreasestar walocity, water depth, and wetted perimeter.
At the same time increased sedimentation and clsahgemal regime and water chemistry
result (Angelo, 1994; Clausen and Biggs, 1997; [ewet al., 2007; Lake, 2003; Olden and
Poff, 2003; Poff and Ward, 1989; Poff et al., 199If) a local study reported by the USGS,
Perry (2004) made estimates of the median flonth@ktreams across Kansas using the 1999
surface water register. The study used a medsohdige of one cubic foot per second (0.028
m3/s) as the threshold delineating the sections@ttteams with flow (Figure 3-1). Several
studies exist that relate the fish assemblagdseiiGreat Plains streams with reservoirs (Falke
and Gido, 2006), hydrologic disturbance (Walkslgt2907), habitat alterations and non-native
species introductions (Eberle et al., 2002). Ailainstudy exists for the Northern Great Plains
relating fish assemblages to some streamflow regjene biotic interactions (Kelly, 2008).
Other than these, there has not been a single #tatihas focused on the hydrologic changes

happening on Kansas’ streams and that relates thaseyes to the aquatic ecosystem.
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Figure 3-1. Estimates of median flows for streamsmothe 1999 Kansas surface water
register showing stream reaches below and above la¢shold flow of one cubic foot per

second. Adapted from Perry et al. (2004).
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Critical flow conditions for aquatic community
Identifying and specifying critical flow conditiorfer a stream to support a robust and
diverse aquatic community is quite elusive. Thertenm Flow Council expended most of its

efforts in addressing this concern regarding thienvad flow regime for the aquatic ecosystem

(Annear et al., 2004). However, no single and ersal flow regime exists because every stream

is unique as well as the ecosystem that it suppdfisreover, there is also likely to be a different

threshold flow for every individual species in aroounity. Thus, satisfying the flow

requirement of one does not necessarily satisfjh@no One of the approaches then is to restore

the “original” natural flow regime of the streamr(Aear et al., 2004; Poff et al., 1997). This

approach is widely accepted, but defining and distahg the natural flow regime in most cases
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is also difficult. Most of the streams in Kansfas,example, have undergone a major shift
during the late 1800s, through the transformatioti® rangelands into agriculture (Walks et al.,
2007). Those changes occurred before measurewwfetiddy discharges in the streams were
started. For the purpose of this study, the ctifiosv conditions include the low-flow measures,
intensity of low-flow, below threshold flow whicls 0.028 ri¥s (1 cfs), intensity of below-
threshold flow, and several other relevant hydriagdices suggested by Poff and Ward (1989)
and Olden and Poff (2003). Table 3-1 summarizesrtiportant hydrologic indices and the
potential biological attributes in lotic habitat®stly adapted from Poff and Ward (1989) and
Indicators of Hydrologic Alteration (IHA) Versiondocumentation (The Nature Conservancy,
2007, unpublished data).

Table 3-1. Summary of hydrologic indices and its a&®ciated potential ecosystem influences.

Flow factor Hydrologic index Ecosystem influence ath biological attributes
Intermittency | Magnitude and » Enable recruitment of certain floodplain plant
frequency of low- species
and zero flows » Purge invasive, introduced species from aquatic and

* Timing of zero flows| riparian communities
* Flows below » Concentrate prey into limited areas to benefit
threshold predators

» Upstream migrations following resumption of flow

* Increased physiological eurytopy or environmenta
adaptation

» Possible extirpation of some species

Flow » Colwell's » Habitat availability for aquatic organisms
predictability predictability » Access by predators to nesting sites
» Constancy / » Availability of water for terrestrial animals
predictability s Influences water temperature, oxygen levels, water

* Annual coefficient | chemistry and photosynthesis in water column
of Variance » Soil moisture availability for plants

* Mean annual flow | Reliability of water supplies for terrestrial aniiha
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Flow factor Hydrologic index Ecosystem influence ath biological attributes

Flow

Enabling fish and amphibian eggs suspended

predictability Enable fish to move to feeding and spawning areas

(continued) » Maintains trophic complexity

Flood » Flood frequency, Behavioral and/or life history avoidance of floods

predictability / | magnitude, timing, | Maintain balance of species in aquatic and riparian
frequency duration communities
* % of floods in 60-

day period

Provide migration and spawning cues for fish

Trigger new phase in life cycle (i.e. insects)
» Flood-free season

Deposit cobbles and gravel in spawning areas

Flush organic materials and woody debris into

channel

» Control distribution and abundance of plants on
floodplain

» Purge invasive, introduced species from aquatic and
riparian communities

» Shape physical character of river channel including
pools and riffles

» Restore normal water quality conditions after

prolonged low flows

Methods

Data and gauging stations
The availability and length of daily discharge datal whether the stream is unregulated
as indicated in the remarks of the USGS Water-Bajaorts (Putnam and Schneider, 2003) were
the main criteria in selecting the gauging statifmmghis study. An unregulated stream denotes
the absence of major reservoirs and diversion dgmegeam of the gauging stations that would
otherwise substantially influence the streamflddowever, there may be substantial

groundwater abstraction and irrigation activitiagthwm the watershed that may somehow affect
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the streamflow at the gauging station. Unlike tatpd streams, which have a relatively abrupt
change in its streamflow pattern, the unregulateshms were expected to have a gradual shift
on some of their hydrologic indices over the pexbdecord.

Another consideration is the spatial distributidrih@ gauging stations (Figure 3-2).
Two considerations were taken into account: théhasouth and east-west orientation, and the
ecoregional representation. It should be notetiKhasas climate varies more greatly from east
to west than from the north to south. However vilager resources regions by the USGS, which
are based on the major watershed divide betweelahsas and Arkansas Rivers, is on a north-
south orientation (Figure 3-2). This study looletdhese orientations as possible reasons for the
variations of the streamflow pattern. The regiagraluping coincides, with minor modification,
with the fish ecoregions identified by Hawkes atiteos (1986) based on ecologically
meaningful fish assemblage and canonical discrintinaalysis of environmental variables (i.e.,

mean annual runoff, mean annual growing seasonstaeam discharge).

Figure 3-2. Location of the gauging stations usefr this study and the regional grouping.
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Comparison of hydrologic indices

The “approved” USGS daily streamflow data were dioaded from the USGS website
(http://waterdata.usgs.gov/ks/nwis) for the calenaars starting 1931 through 2006. A
summary of the gauging stations is presented ineTaR. A regional grouping was also
adopted to capture the similarities between straarteyms of fish assemblage (Hawkes et al.,
1986), watershed divides, and climatic characiesgSophocleous, 1998). Most of the
hydrologic indices were computed using the Indisatd Hydrologic Alterations (IHA) software
which is a well-documented (Colwell, 1974; Poff aNard, 1989; Richter et al., 1996; Richter
et al., 1997; Richter et al., 1998) and populatveafe package used for many environmental
studies. The following parameters or indices wemaguted as described by Poff and Ward
(1989), Colwell (1974) and the IHA V.7 documentatio

Table 3-2. Summary of data and other important chaacteristics of the USGS gauging

stations
Station Start Effe_ctive Region
No Name date Dralnage2 Remarks
Area (km")

6846500/ BEAVER C AT CEDAR BLUFFS5/13/1946 3,429 Northwest
6860000{SMOKY HILL R AT ELKADER 10/1/1939 9,207
6863500|BIG C NR HAYS 4/1/1946 1,421
6873000|SF SOLOMON R AB WEBSTER 1/8/1945 2,694

RE
6889500[SOLDIER C NR TOPEKA 5/23/1929 751 Northeast
6892000|STRANGER C NR 4/21/1929 1,052

TONGANOXIE
6914000[POTTAWATOMIE C NR 10/1/1939 865 Discontinued

GARNETT after 2000
6914100|POTTAWATOMIE C NR SCIP1010/1/2000 888 Replaced

6914000

7141200{PAWNEE R AT ROZEL 10/1/1924 5,206 Southwest
7144200|L ARKANSAS R AT VALLEY  6/10/1922 3,237

CENTER
7149000{MEDICINE LODGE R NR 2/11/1938 2,339

KIOWA
7157500 CROOKED C NR ENGLEWOOD10/1/1942 2,106
7167500|{0TTER C AT CLIMAX 10/1/1946 334 Southeast
7172000{CANEY R NR ELGIN 10/1/1939 1,153
7180500|CEDAR C NR CEDAR POINT  10/1/1938 285
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1. Mean flow — magnitude of water flowing over a cartéme (e.g. annual and
monthly) using assuming a normally-distributed dagf

2. Mean unit discharge — mean flow divided by therge area expressed for this
purpose in liters per second per square kilom&skifr).

3. Annual coefficient of variation (C.V.) — standareMiation of all daily flow values
divided by the mean annual flow.

4. Flow predictability (P)— Colwell’s (1974) predictéty index for all flows over the
period of record. The value of predictability reasgrom 0 to 1 and is composed of
two additive components: constancy (C), a measiutengporal invariance, and
contingency (M), a measure of periodicity (readaesdirected to Collwell 1974 for
the detailed computation and description of thesedomponents). Predictability of a
stream with a very constant flow is mainly due éastancy while that of a highly
variable flow, with a fixed periodicity, will be nstly due to contingency.

5. C/P - flow constancy over flow predictability contpd as C / (C+M).

6. Percent of floods in 60-day period (Flood 60D)— maxn proportion of floods that
occur during any common 60-day period in all yeansng the period of analysis.
Floods are defined here as any flows above the igge threshold (flow exceeding
75% of flows for the period of analysis).

7. Length of flood-free season — length in days ofltimgest period where flows are at
or below the high pulse threshold (as defined inhig#@very year.

8. Low-flow frequency, timing and duration — low flovase defined as any flows below
25% of flows for the period of analysis.

9. Flood frequency, timing and duration - floods aefined as any flows exceeding
75% of flows for the period of analysis.

10.Magnitude and frequency of annual-extreme flow cibors.

11.Baseflow fraction — used Baseflow Filter Programaatomated baseflow separation
technique utilizing the automated recursive digitedr technique (Arnold, 1995)
downloaded online at www.brc.tamus.edu/swat/softetdaw.html.

Several other hydrologic indices were computedguie zero-flow days and flow below
threshold level. These include:

12.Duration of consecutive days with zero flow andolethreshold flow.
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13.Seasonal (related to spawning period) occurrentie 2ero flow and below threshold
flow.

14.5-year trailing average — some of the parameteregalvere computed by averaging
the value of the present year together with thaesfor the four preceding years.

Timeline of analysis

In synchronization with the Kansas fish collectdata (K. Gido, 2007, personal
communication), periods of analysis were estabtiski¢h length of each period at around 15
years. The periods identified are: 1931-47, 19281863-77, 1978-92 and 1993-2006. Other
than being coincident with the fish collection ddteese periods also coincide with some events
in agriculture, climate and irrigation. The fipgriod could be associated with the time before
soil and water conservation and irrigation wereasjread in Kansas. The next period, 1948-62,
corresponds to the time when the large federatvess were constructed causing and
fragmentation of major streams, and at the same digniculture was steadily developing
conservation techniques. The 1963-77 interval sspnes the period of rapid increase in
groundwater extraction from irrigation developmeAdoption of more irrigation tapered off
and crop residue management was being practicesaged around 1978-92 (Rogers and Alam,
2008). The period of 1993-2006 represents theaswext soil and water conservation efforts in
agriculture as well as higher water-use efficieatyrigation systems. Finally, for studies on
dryland watersheds, a minimum of 15 years is neséaledtablish reasonable average to
minimize variations due to climatic effects (Haysed68). In some of the analyses, the
computation and comparison of periodic values veatg from 1948 through 2006 because not

all gauging stations have data starting as eariy984 (Table 3-2).

Trend analysis
Trend analysis was performed for a number of pararse The Mann-Kendall trend
analysis was employed to determine if there isfissically-significant upward or downward
trend over time in the dataset. Mann-Kendall analigsa non-parametric method suitable for
detecting trends for non-normally distributed dsiah as most hydro-climatic datasets (Yue et
al., 2002), and it establishes if the dataset rmgraficant positive or negative trend. The
standardized normal test statistic, z, is the Hasievaluating the trend. A positive z value
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indicates an upward trend, while a negative oneatds a downward trend. However, the
magnitude and the true slope of the trend are oipeited by this method. Thus, the Sens’ slope
estimator was utilized for this purpose. The Seidpe nonparametric method is used in cases
where the trend can be assumed to be linear byla#ilty the slopes of all data value pairs
before consolidating it into one slope value repnéisg the trend line (Salmi et al., 2002).

The Makesens program, a MS Excel template provigetthe Finnish Meteorological
Institute (http://www.fmi.fi/organization/contact®5.html - accessed 29 April 2009), was used
in performing the trend analysis.

Results and Discussions

General characteristics

The major hydrologic indices are presented in T&8bBto get a glimpse of the general
characteristics of the selected unregulated stresntishese were computed based on all the
available records since 1931. The mean unit digehelearly depicts the differences in the
climatic condition which differentiates the eastand western regions of the state. The unit
discharges of the streams in the east are usuallg than twice the amount on the west.

Poff and Ward (1989) have computed some valuethéohydrologic indices that were
part of the suite of parameters used for charaategyithe streams (Table 3-4). The values they
computed in 1989 for two other streams in Kansas gs some indication of what happened
recently with some of our streams. The percefiibofls occurring in any 60-day period has
markedly decreased. This corroborates with them&bion on the proportion of total
predictability comprised by constancy or C/P whiats actually increased in values ranging
from 0.69-0.89. These values of C/P are closestodoin the perennial flashy class. But keep in
mind that the intermittency, which deals with zaral low flows, has not yet been considered

here.

Flow predictability
Comparing the percent difference between the lengr{using all data for the station)

and periodic annual C.V., predictability and CtRs ievident that flow predictability (red bars) is
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Table 3-3. General characteristics of the unregutad stream based on the major

hydrologic indices

, Mean Mean Predict-
ﬁ'i)atlon annual _ Unit Agntjlal ability C/P Fé%%d Region
' flow Discharge Y (P)
m’/s I/s/knt

6846500 0.34 357 6.67 0.45, 0.89 0.36| NW
6860000 0.61 239 9.53 0.33| 0.79 0.28
6863500 0.87 2,204 6.25 0.24, 0.77 0.29
6873000 1.41 1,884 7.83 0.29, 0.71 0.27
6889500 4.33 20,756 4.16 0.20f 0.72 0.26/ NE
6892000 8.67 29,669 412 0.22, 0.71 0.29
6914000 6.44 26,802 4.19 0.28| 0.75 0.26
7141200 1.64 1,134 6.37 0.30/ 0.86 0.34, SW
7144200 8.80 9,787 3.57 0.28| 0.81 0.27
7149000 4.20 6,464 2.38 0.34, 0.71 0.25
7157500 0.79 1,350 6.35 0.38| 0.73 0.22
7167500 2.35 25,329 5.72 0.26| 0.72 0.28 SE
7172000 7.65 23,886 4.19 0.24, 0.69 0.27
7180500 1.61 20,337 4.82 0.23| 0.73 0.25

Table 3-4. Some of the hydrologic indices used the stream classification by Poff and

Ward (1989)

_ Kansas stream representative Stream classes
Hydrologic
index Smoky Hill Rattlesnake |Intermittent | Perennial Harsh |Intermittent
river creek flashy flashy |intermittent runoff
Predictability 0.16 0.33 0.29 0.49 0.29 0.2
C/P 0.31 0.79 0.30 0.8( 0.54 32
Flood 60D 0.57 0.50 0.61 0.48 0.59 0.%5
Mean Annual
0.90 1.00

Flow
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always above the long-term values (Figure 3-3)nv@csely, the constancy-predictability ratio
(green bars) is almost always below the long-teaimes. It is difficult to draw any conclusive
statement here since the long-term indices consitlgalues of the record but do not necessarily
represent the natural or original flow conditions the stream. Somehow, during the small
periods of analyses, the variations in flow cougdnbeen attenuated as observed for the lower
(negative percent difference) annual coefficientariance of almost all gauging stations. But
useful information that can be deduced here isttiae is a relative increase in predictability
and C/P between periods in many of the westerarsisecompared to the eastern streams. Poff
and Ward (1989) describe C/P as the proportiontaf predictability comprised by constancy.

It goes to say that as the predictability increasele west, constancy is probably the main
driving factor causing it. This does not necaseean a stable and dependable flow, but
whatever the flow, it is somehow becoming more tams(and is taking over on the influence of

contingency (M), which is associated with periogigi

I ntermittency and low-flows

The first measure of intermittency is the numbet ftaquency of days when the flow in
the stream is essentially zero. A zero in thehdisge data does not necessarily mean that no
water is flowing, but that it is below the loweseasurable flow, which is 0.01 cfs (0.00006
m/s), atthe USGS gauging station. Actual conditdthe stream could have the presence of
pools deep enough to accommodate some fishes aadahbrates and support other aquatic
organisms. But it could also be that at zero flbes $tream is totally dry and could even be in a
water deficit condition that would require water® added just to wet the stream. The percent
of time the flow is zero per period was computed presented in Figure 3-4. Over the period of
time, four western stations (i.e., 6846500, 6860@87 3000 and 7141200) exhibited an
increasing percentage of zero flow days per y@dirother stations, however, seem to be
improving over the period. The range of the yeaxlgrage is between 22-54 percent. Bringing
this into the context of the aquatic organisms stineams in which they are living are not

flowing at most half of the time.
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Figure 3-3. Percent difference of the periodic vakes of annual coefficient of variance,

predictability and ratio of constancy and predictahlity with its long-term values
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Figure 3-4. Annual percent of days flow is zero.
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Looking at the 5-year trailing-average number ofsdper year flow is zero (Figure 3-5)
is not at all favorable for the aquatic organisorsdt the same four western stations. These
stations show a steady increase in the numberrofdays. Two of the stations (i.e., 6846500
and 7141200) are already in the 300-days per geat,lwhich is more than 80 percent of the
time. Other than the four stations previously idfexd, the other stations seem to be improving
compared to their historic values in terms of thdex. The periodic increase in the zero flow
days could be associated with the decrease ingit&odn totals or climatic droughts.

Applying a threshold level of flow of 0.028%g (1 cfs), the 5-year trailing averages of
the days below this threshold are presented inr€igt6. Five stations in the west are now
somewhere in their highest recorded values, and aidsem are exhibiting an upward trend in
the number of days per year below the thresholelle@ne station in the east (i.e., 6914000) is
also exhibiting an upward trend in the recent ye@dshough the behavior of the graphs is
similar to the zero days (Figure 3-5), the magretisdaround 50 percent higher for several of the

peaks.
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Trend analysis of the flow intermittency (Table Bwiould support some of the observed
trends in the Figures 3-5 and 3-6. Three of thgats in the west show important and
significant increasing trend. Although a decregdrend was also detected at four stations in the
south, the magnitude of change, in terms slope’$3#ope in days per year), is relatively small.

Table 3-5. Mann-Kendall and Sens slope analysesstét for the flow intermittency.

. . Days of zero flow Days of below 1cfs flow
Region | Stations — —
TestZ Signific. | Sen's slope Test Z | Signific. | Sen's slope
NW 6846500 5.30 rx 4.507 5.19 ek 3.577
6860000 1.95 + 0.684 6.96 el 4.226
6863500 0.16 0.000 0.72 0.000
6873000 0.81 0.000 1.47 0.737
NE 6889500 0.09 0.000 -1.14 0.000
6892000 0.09 0.000 -1.17 0.000
6914000 -1.52 0.000 0.68 0.346
SW 7141200 5.27 i 3.045 5.48 i 3.580
7144200
7149000 -2.07 * 0.000 -2.73 ** -0.001
7157500 -2.28 * -0.004 -2.33 * -0.182
SE 7167500 -1.73 + 0.000 -0.96 -0.260
7172000 -2.96 ** 0.000 -0.46 0.000
7180500 -1.57 0.000 -1.52 0.000
*** 99.9% significance ** 99% significance * 95% significance
+ 90% significance (blank) below 90% significance

These conditions of zero and below-threshold flo evidence to the idea that some of
the flashy intermittent streams have become hafsh@guatic organisms that now have to
contend with dry streams more than 50% of the tmmsme streams found in the western
region. The survival techniques of the nativedshnd invertebrates are now being challenged.
But on the other side, the streams on the eastaveexperiencing fewer days of zero flows.
This may be advantageous for the native fishesedimair stress levels may be reduced.
However, this may have some other repercussionkeonatural selective capacity of the
streams. With shorter periods of zero flow, thosld encourage more invasive fishes and
aguatic organisms that were once held aback andeit@tolerate long periods of zero flow or

intermittency.
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Figure 3-5. Five-year trailing average of days peyear flow is zero at each station
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Figure 3-6. Five-year trailing averages of days peear flow are below threshold level of 0.028 fits (1 cfs) at each station
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The duration of the dry spell, which is for examfhtev below the threshold level (Figure
3-7), was also analyzed. It appears that almdsbhthe stations have increased and the other
half decreased their duration of dry spells. Mdghe stations that increased are in the
northwest region, and those that decreased aheisdutheast. Comparing the magnitude of
change, the increase was very drastic in most cagasstations showed increased duration of
the dry spell by around three to four times. Sachncrease in duration may be drastic changes
for the aquatic organisms to cope with. Anothdaht® observation on the majority of the
stations is an improvement for the streams by lgashorter duration of dry spells in the recent
(1993-2006) compared to its prior period (1977-1992

The 3-, 7- and 30-day minimum flows were explaaed the graph of the 7-day
minimum is presented in Figure 3-8 (which was alsailar the 3-day and 30-day graphs) (see
Appendix A). Itis observed that there are mamgishs in the west that show no discernable
trend over the years, but there is a noticeableuedh in improved flow during the recent wet
years (1993-2006). However, even the occurrenegbiears now is not a guarantee that the
low flows will increase following wet periods. ®was a general observation for the western as
well as some eastern stations. Even the trengsiadlas detected some very minimal, though
some are statistically significant, changes (T&b&).

A quick check on the baseflow at station 686000®\shthat the proportion of baseflow
and surface runoff did not change much over timguie 3-9). However, both the baseflow and
the surface runoff amounts are decreasing ovetldhades. The apparent increase in streamflow
during the 1990s is caused by the relatively waryef 1992 and 1993. Otherwise, the general
trend in the streamflow is decreasing despite k@Bt constant amount precipitation in the area
(Aguilar et al., 2008; Walks et al., 2007).
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Figure 3-7. Average duration of yearly dry (belowthreshold) spell at each station and

region.
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Table 3-6. Mann-Kendall and Sen’s slope analysesswalt for the low flow and occurrence of

low flow.
Region Stations 7-(_ja¥ minimum Day of year_mi_n_imum flow occurs
Test Z | Signific. | Sen's Slope Test Z | Signific. | Sen's Slope
NW 6846500 -2.94 ** 0.000 -2.92 ** -0.001
6860000 -1.13 0.000 -0.69 -0.099
6863500 0.15 0.000 0.46 0.242
6873000 -0.88 0.000 111 0.500
NE 6889500 2.24 * 0.002 1.06 0.256
6892000 1.89 + 0.001 1.53 0.407
6914000 -0.65 0.000 1.26 0.407
SW 7141200 -2.53 * 0.000 -3.04 ** -0.937
7144200 -0.35 -0.001 1.56 0.500
7149000 2.61 ** 0.005 2.76 ** 0.550
7157500 0.63 0.000 3.95 il 1.033
SE 7167500 1.06 0.000 3.32 i 1.396
7172000 1.13 0.000 3.40 i 0.941
7180500 0.28 0.000 3.17 ** 1121
*** 99.9% significance ** 99% significance * 95% significance
+ 90% significance (blank) below 90% significance
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Figure 3-8. The

5-year trailing average of 7-day mimum flows at each stations grouped by region.
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Figure 3-9. Separated total streamflow and precipation by decades at station 6860000
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There is a big variability in terms of timing ofweflow occurrence (Figure 3-10),
especially in the west. Running simple linear esgron shows that most of them are now
occurring latter in the year. This general trehdlso observable in the results of the Mann-
Kendall and Sen’s slope analyses, whereby fivéostain the south are even showing a high
significance level for the increasing trend. Thseations, 6846500, 6860000 and 7141200,
show a downward trend or an earlier occurrencb@fdw-flow. But, except for 6860000, only
two are statistically significant (Table 3-6). tltesclarify this trend, the method in identifying
the low-flow timing is reset every year to the stErthe year and will only consider one instance
for the year. In some cases for these stationgdhel low-flow (in many instances zero flow)
commenced the previous year, but will registertanfirst day of the following year.
Nonetheless, if there is a shift in the low-floming, this would definitely affect the migration
pattern or timing, availability of some nutrientspoey (as well as being preyed-upon), and other

ecological functions.

Flood events

Flood events, in terms of the 7-day maximum, seebetdecreasing in magnitude in
many of the western stations (Figure 3-11). &vglent in the northwest region where all the
stations have this decreasing trend. The redudiorore than half of the flood magnitude in the
1940s compared to the recent years. Convers@\dhtern stations seem to show a steadily
increasing trend in all of its stations. The Mdfendall and Sen’s slope analyses (Table 3-7)
show statistically significant trend on this indespecially on the downward trends of the
stations in the northwest and some on the southhegiins.

The timing of occurrence of these floods is rgklif concentrated during the summer in
the western regions, and during the late springHfereastern regions (Figure 3-12). In terms of
variability, eastern regions have a greater vditghn the timing of these flood events as
compared to the western regions. Except for tabasts (6873000 and 7141200), no significant
trend were detected on this index.
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Figure 3-10. Annual timing of low-flow at each stabns grouped by regions. Trend lines were suppliednd are represented by

the same color of the dataset.
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Figure 3-11. Graph of 5-year trailing averages of-day maximum grouped by regions.
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Figure 3-12. Timing of occurrence of flood event&>75% recurrence interval for a station) in each gaging station grouped by

region. Trend lines were supplied and are represented by thsame color of the dataset.
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Table 3-7. Mann-Kendall and Sen’s slope analysessw@lt for the high flows and occurrence

of high flow.
Region | Stations Day of yef';lr r.n.ax. flow occurs 7-day .Ma-x.imum Flow
TestZ | Signific. | Sen's Slope TestZ Signific. | Sen's Slope
NW 6846500 1.21 0.375 -5.00 ol -0.080
6860000 1.16 0.386 -3.31 ol -0.114
6863500 1.28 0.664 -3.49 rrx -0.184
6873000 -1.96 + -0.895 -4.79 rrx -0.287
NE 6889500 0.28 0.103 2.18 * 0.387
6892000 -0.02 0.000 1.97 * 0.548
6914000 -0.95 -0.467 0.57 0.192
SW 7141200 1.67 + 0.500 -3.52 rrx -0.348
7144200 -1.00 -0.396 2.49 * 1.040
7149000 -0.46 -0.229 1.12 0.199
7157500 -0.80 -0.414 -4.46 rrx -0.133
SE 7167500 -0.07 -0.045 2.82 ** 0.514
7172000 0.43 0.219 0.75 0.301
7180500 -0.50 -0.219 1.03 0.078
*** 99.9% significance ** 99% significance * 95% significance
+ 90% significance (blank) below 90% significance

Flood events provide a “reset” function in the atns. The reduction in these flood
events in terms of magnitude and frequency post#exaht condition in the streams that the
aguatic organisms must deal with. Perhaps, theridedation of water quality and the delivery of
the essential nutrients are just some the negamtipkcations. The eastern streams seem to be in
a better position to deal with these problems smeay of the streams in that region are gaining
flood magnitude (to the disadvantage of the huntamnaunities near the streams). One issue in
the eastern region is the highly-variable timindlobd events which may underscore some

spawning cues of some species.

Hydrologic index for spawning
A special scenario was taken into considerationreihghe spawning period of fish
species was taken into account. According to @089 — personal communication), many of
the fish species in Kansas usually spawn betweachvta August. They could further be
classified or grouped into early spawners (Marday) and the late spawners (July —
September). The number of days during the spawseagon where the flow is dry (below
threshold level) was analyzed. Results of the tasmalysis are presented in Table 3-8. There are

4 or 5 stations in the west showing a significard ancreasing trend on the number of dry days
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during the spawning season. This increasing tietahtamount to losing opportunity to spawn
during this season. Comparing the relative dryhasthe early and late spawning season, early-
spawning fishes have greater opportunity to spdan tate-spawners.

Representative stations showing the percent of timaestream is dry (below threshold
level) during the spawning period is also preseimdegure 3-13. The values were computed
using 5-year trailing averages. From the infororabn stations 6846500 and 7141200, the
fishes for those streams will be having difficullyspawning as they only have a very small time
of opportunity to spawn. Over the years, the drysdincreased such that 70-99% of the time it
is dry in recent years. Station 6892000 is differdrere are likely more early- than late-
spawning fishes in this stream since the recoravshibat there is always water from March to
May for the fishes to spawn compared to the mooftliuly to September. At station 7172000,
here is no clear indication that the dry days acegasing nor decreasing.

Table 3-8. Mann-Kendall and Sen’s slope analysesselt for the number of days per

spawning season the flow is below threshold level.

Region | Stations March-May (Early spawning July-September (Late spawning)
TestZ | Signific. |Sen's Slope B TestZ |Signific. Sen 's Slope B

NW 6846500 2.42 * 0.198 75 4.86 ok 0.806 | 32
6860000 3.71 ok 1.000 | -20 3.70 ok 0.612 | 42
6863500 1.061 | -13 1.92 + 0.318 | 14
6873000 3.07 *x 1.194 | -15 2.24 * 0.519 | 36

NE 6889500 0.714 7 0.94 0.474 | 33
6892000 4,667 | -96 | -0.42 -0.042 | 23
6914000 0.80 0.607 2 0.52 0.095 | 24

SW 7141200 4.10 ol 0.860 20 3.15 ** 0.529 | 25
7144200
7149000 -2.48 * -0.641 | 49
7157500 0.000 1| -1.03 -0.169 | 41

SE 7167500 -0.60 -0.320 73| -1.59 -0.490 | 66
7172000 -0.79 -0.278 | 47| -0.67 -0.126 | 37
7180500 -5.462 | 191 | -1.18 -0.390 | 48

*** 99.9% significance ** 99% significance * 95% significance

+ 90% significance (blank) below 90% significance
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Figure 3-13. Percent of days stream is dry duringpawning periods computed using 5-year trailing avage.
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Summary and Conclusions

In general, most of the streams in the west arerideating or becoming harsh in terms
of their capacity to support aquatic life. Dryingstreams has become prevalent accounting for
the condition almost 80% of the time recorded imstations in the recent period. Duration of
dry spells in the west has also become longer thatlthe adaptive capabilities of aquatic
organisms are probably being tested to the linfil®od events have diminished and that
probably has incapacitated the intended functioftoofs in these streams. The timing,
frequency and duration of low-flow are not so opsitic. Most of the streams in the east,
however, do have a better prognosis. The low-floigh-flow and most other hydrologic indices
are improving. This creates a less stressful enuirent condition for the aquatic organisms in
those streams.
The positive improvement of the hydrologic indicespecially in the east, could also pave way
for an increase of invasive and introduced fishmes@ganisms that might otherwise have been
thwarted by the relatively harsh condition of threams. This is one area in which further study
could be initiated. On the other hand, the detating condition of the streams in the west could
also encourage specialists that would create aapeche in that kind of environmental

condition.
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CHAPTER 4 - Factors contributing to changes in thestreamflow

pattern

Introduction

Evidence of streamflow changes

Most of Kansas’ streams were categorized by sortit@esias intermittent flashy (Olden
and Poff, 2003; Poff, 1996). This is partly duehe fact that most of the streamflow originates
as precipitation (Patrick, 1998) and the preciptatn Kansas is of short duration and high
intensity from storms that cover relatively sma#as. Today, tributary streams in Kansas might
already be categorized as harsh intermittent. tidiexbably this is not because of changes in the
amount of precipitation totals but because of aneomnbination of factors such as land
conversion, agriculture, groundwater extractiomfaze water diversion and impoundment, soll
and water conservation, and urbanization, amongrsthin western Kansas, for example,
groundwater extraction from aquifers became thetmaslent human impact in that region. The
streams in the area, once considered perenniantemntermittent as the water table fell below
the stream bed and caused the stream to dry upgdoeriods of no rain. This condition was
documented in a US Geological Survey (USGS) reietry et al., 2004) that found many of
the western Kansas streams have median flow beh@xobic feet per second (0.02&/sh
(Figure 4-1). The condition is greatly exacerbatethe area considering that the western
region receives minimal rainfall, in addition toitg theoretically water deficit (i.e. more
potential evapotranspiration than precipitatio®n the other hand, agriculture, as well as,
communities built retention dams along the streantsapplied land conservation practices such
as terraces and residue management on agricuitlds to conserve water and reduce
evaporation and soil erosion. This has a poséftect in terms of water use efficiency and
conservation in agriculture, but rather a negatiffect on the streams as this reduces runoff from
the field. This also has similar effects on thenewous water-harvesting techniques, such as
farm ponds and reservoirs that are in operatiohiwihe farm lands. It might be argued that

these practices also encourage recharge of theeesjuHowever, the rate of recharge in western
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Kansas is so low (~0.6 cm per year) thus, negkgidoimpared to the current rate of groundwater
abstraction (Hansen, 1991; Sophocleous, 2005)th©downstream side, the presence of large
dams and reservoirs cut the continuity of aquadinifat along the streams and generally control

the stream flow discharge further downstream ofsthecture.

Figure 4-1. Estimates of median flows for streamsmothe 1999 Kansas surface water
register showing stream reaches below and above la¢shold flow of one cubic feet per

second. Adapted from Perry et al. (2004).
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Physical evidence of changes has been documentgkdbygraphs at certain stretches of
streams across Kansas. Figure 4-2 is one of thetthe most vivid examples that portrays the
magnitude of change. The Arkansas River in FifGeynty, a), was flowing almost at full bank
in 1878, but 110 years later, b), the river hagded into a stream meandering through its
original riverbed. The presence of some pererpialts within the river bed is evidence enough
to suggest that this condition of the river is ribv prevalent flow pattern for some time already.
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Checking on the aerial photograph, c) availabl&éawogle Earth, which is conservatively around
the year of 2006, reveals a more altered hydrolsigite. The stream has totally dried up,

opening the area to some other use such as a gapace.

Figure 4-2. Physical evidence of streamflow changésArkansas River, Finney County,
Kansas as captured by these different photographsica) 1878 by the Kansas State
Historical Society; b) 1988 by Guy Ernsting; and cyoughly 2006 from the Google Earth.
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In yet another dramatic change in streamflow hagpbaed in a matter of little more than
a decade (Figure 4-3) at a section of Arikareexineene northwest Kansas. The baseflow of the
river is fed by groundwater flow, but because @f flgricultural activity in the area, the
groundwater level has dropped and is no longertaldestain the flow in that stretch. In 2006
pioneer species (e.g. wild grasses) had takenraueh of the river bed. This is a typical
observation of the streamflows in western Kansasrevthe once effluent streams, where
groundwater supply the baseflow, have now becorhgeint streams (Jordan, 1982; Ratzlaff,
1994; Sophocleous, 2000; Szilagyi, 2006).

Figure 4-3. Physical evidence of the condition iseghicted by these pictures taken from the
Arikaree River in extreme northwest Kansas. Photoaurce: Kansas Department of
Wildlife and Parks.
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Changes in the runoff have also been documentsevieral watersheds of Kansas.
Ratzlaff (1994) noted these changes in hydrolodgast for the period of 50 years since 1940 in
27 watersheds across Kansas. According to thg studvestern Kansas watersheds runoff has
declined by as much as 93 percent. These chamngesaxcumulative effect of changes that was
happening in the watershed starting around the 4 gBatzlaff, 1994).
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Factors associated with streamflow

Many factors affect the magnitude, timing and teaegal characteristics of streamflow.
They include, but are not limited to, land use kmdi cover, precipitation and climatic
conditions, soil characteristics, hydrogeologicrelsteristics, evapotranspiration, watershed
characteristics, soil and water conservation ptastiwater usage, vegetation, topography and
stream geomorphology. The effect of one or contlmnaof two or more factors creates a
different response for the streamflow. In thisdst the factors identified to be associated with
the changes in the Kansas streams are rechargsaitype, land use, soil and water

conservation practices, water use and climatic itiomd

Recharge rate

Recharge is the infiltration of water into the satad zone or groundwater. The rate at
which the water infiltrates after saturating thigiah profile is the recharge rate. There are many
factors that affect groundwater recharge rates asdhe general soil texture within the soill
profile, amount and intensity of precipitation, dadd cover and vegetation among others.
Hansen (1991) estimated the “potential naturalasgdi’ for the entire Kansas (Figure 4-4).
Potential natural recharge refers to the deep fmron rate of soil water (made available by
precipitation) below the root zone, where the watgresumed to be below the zone of
influence of evapotranspiration processes, andpbtentially available to move downwards
towards the water table and thereby eventuallyaegghthe aquifer (Sophocleous, 2004). The
major contribution of recharge rate to streamflevindirectly achieved by maintaining the water
table thus sustaining the baseflow of streamse bhilany of the western headwaters, the aquifer
is capable of contributing substantial and staideldrge in the streams. However, due to
extensive groundwater withdrawals the water tabbpped and was either unable sustain the
baseflow or the stream ceased to flow altogetheptiScleous, 2000; Winter, 2007).

Sail type

Soil type influence several processes in the satlewrelationship, one of which is
surface runoff. Surface runoff refers to the watat drains out of an area by flowing over the
land surface. Conversely, soil type also influertbesamount of water that infiltrates into the
soil surface that either percolates further in® ghoundwater or emerges somewhere along the

flow line to constitute the interflow. Althoughdividual soil parameters are important, they
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may not be predictive of the effective hydrauliodactivity (Ward and Trimble, 2004). The
Natural Resources Conservation Service (NRCS) fir@udetailed soil survey for each county
in the US has divided the soils into four hydrotogoil groups, namely: Group A, high rate of
water transmission, thus low runoff potential; Gvdd; moderate rate if water transmission;
Group C, slow rate of water transmission; and Grougery slow rate of water transmission,
thus high runoff potential. This hydrologic grongiis one of the main inputs for computing
volume of runoff using the NRCS curve number pracedWard and Trimble, 2004). Relating
it directly with surface runoff generation, the 38il Survey devised surface runoff classes
which also considered slope, climate, and vegetatdwer. The concept indicates relative runoff
for very specific conditions. The classes are lathels negligible, very low, low, medium, high,
and very high (Soil Survey Division Staff, 1993).

Figure 4-4. Mean annual potential recharge (in inkces per year) in Kansas (adapted from
Hansen (1991) as cited by Sophocleous (2005 and 200
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50 100 kilometers

73



Water use

Water use directly and indirectly affects the dagfe of water in a stream. Diversion
and pumping-out of water from the stream channesttutes a direct modification on the
streamflow. Groundwater extraction, on the otherdhandirectly affects the streamflow since
the direct impact of extraction is the loweringtloé water level, thus possibly reducing the
baseflow of the stream. In the context of thiglgfwater use refers to the extraction of water
from major bodies of water including streams, rsvand aquifers for domestic, agricultural and
industrial use. In Kansas, these water uses ang begulated by the state governed byahe
priori or appropriation doctrine. Somehow, this doctsparred the development of water
resources in the state (Koelliker, 1987), but ivne being viewed as one of the major factors for

the worsening condition of the streams becausewdr-appropriation” (Sophocleous, 2000).

Land use

Land use and land cover, though technically difierare usually associated with each
other. Land use refers to the primary activitydweted on the land. Some empirical methods
for computing hydrologic events, such as the Sog&rvation Service Curve Number (SCS-
CN) (Agricultural Research Service (ARS) Curve NemW/ork Group and Moody, 2004) and
Soil and Water Assessment Tool (SWAT), consided lase a major factor that dictates water
yield of a watershed or streamflow. A number adib parameters are influenced by the land
use, which includes soil cover, slope, infiltraticapacity, evapotranspiration, and soil and water
conservation/retention. Since the late 1800s, ilarhnsas has been converted from native
prairies grassland into arable land (Figure 4-5ictvimow comprises almost half of the total land
area. One notable water conservation practicagacultural land in Kansas is fallowing.
Fallowing is a farming practice of keeping the ldree of all vegetation throughout one season
to store and conserve the water in order to aclaewere dependable crop (e.g. wheat)
production the following year (Throckmorton and Mey, 1941). Fallowing was originally
practiced in a 2-year cycle with one crop grown@gle, but recently the prevailing practice is
to have a 3-year cycle with two crops, one whedtthe second a row crop, grown per cycle.
This generally shortens the fallow period while ingkthe land more productive. It is said that
for an inch (2.5 centimeter) of water stored dufi@éw, can be translated into a certain number
of bushels (tons) of grain.
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Soil and water conservation practices

Soil and water conservation practices on a watérahe an important factor that can
significantly influence the streamflow. These pi@es include terracing, mulching,
conservation tillage, and contouring, among othdiisey alter the slope, runoff and infiltration
capacity and soil cover, thus enhancing infiltnatesd recharge and minimizing direct runoff.

In Kansas, the adoption of soil and water consemairactices varies over time and
extent of area. When early settlers of the statee; much of the grassland was tilled without
regards to soil conservation and proper residueagement. After the Dust Bowl, soil
conservation practices were started and farmersdfaurenewed interest to till Kansas land. In
the recent years, Kansans have built more milésradces than any state in the U.S. (USDA
SCS as cited by Koelliker (1987)).

Figure 4-5. Agricultural activity in Kansas represented by the area harvested to major
crops. Data taken from Kansas Agricultural Statisics and National Agricultural Statistics

Service.
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Climate

Precipitation and potential evapotranspirationtese of the most important climatic
factors that influence the streamflow in a watetsh€ansas is generally considered a semi-arid
region (Sophocleous, 2005)and thereby these tworfaare critical.

A general water budget of the state shows pretipitaaccounts for 98 percent to the
total input (Koelliker, 1987; Koelliker, 1998; Samtieous, 1998). Precipitation decreases toward
the north and west, with the northwest region ggttnly about half of that in the southeastern
region of the state. Annually, the temperaturgyearfrom highs around 100°F (38°C) and lows
below 0°F (-18°C). The prevailing wind in Kansasoutherly, although northerly winds are
also common. Winds are mostly in the moderatertimgtcategory. The combination of the
wind and temperature, among others makes thetstagve a high evapotranspiration rates.
Roughly 90 percent of the rainfall that occursist back to the atmosphere through
evapotranspiration. In western Kansas where tisewdatively low precipitation, a moisture
deficit exists in consideration to the potentiahpotranspiration of the region. Here moisture

deficit refers to the annual precipitation minusehwater surface evaporation (Figure 4-6).

Figure 4-6. Moisture deficit computed using annuaprecipitation minus free water surface

evaporation (inches). Adapted from Sophocleous (189
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Relevant research

Physical evidence and studies have increasinglywshibat the streamflow characteristics
of the Great Plains rivers and stream have chaogedthe past century (Eberle et al., 2002;
Perry et al., 2004; Szilagyi, 2006). Attemptsitk ithe streamflow to the aquatic ecosystem are
available. Decreases in discharge, in most casgslt in decreases in water velocity, water
depth, and wetted perimeter. At the same time aszé sedimentation and changes thermal
regime and water chemistry result (Angelo, 1994uSén and Biggs, 1997; Dewson et al., 2007,
Lake, 2003; Olden and Poff, 2003; Poff and War@t Poff et al., 1997). In a local study that
have been reported by the USGS by Perry (2004)eraatimates of the median flows of the
streams across Kansas using the 1999 surface megister. The study used a median discharge
of one cubic foot per second (0.028/sh as the threshold delineating the sectionsestreams
with flow (Figure 3-1). It should be noted that #lé stream segments shown in the figure were
considered perennial by the USGS in the 1950s. Feraittempt to understand the streamflow
patterns was conducted in the Republican River identified human-induced changes in the
basin as the major cause of the declining flowlégyi, 2006). However, there is still no
research study that focused on Kansas streamsgethé changes in the ecologically relevant
streamflow characteristics to the factors thauiafice them.

Methods

Streamflow data

The major emphasis of this study is on streamflatad USGS gauging station
throughout Kansas were considered, but analysicaaducted only on those gauging stations
considered unregulated as indicated in the renafriltee USGS Water-Data Reports (Putnam
and Schneider, 2003). Another consideration irstlection of gauging stations was on the
length of the daily data record. At least 60 yedrsontinuous available data were included in
the analysis in order to establish a good histbrejaresentation of the period. The records were
divided into four periods, comprising roughly of ¥&ars each and matches with the fish data

collection for Kansas (K. Gido, 2007, personal camination). This also satisfies the minimum
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15 years of data needed to establish reasonabtagesand to minimize variations due to
climatic effects for studies on dryland watersh@disuser, 1968). Only streamflow data labeled
“approved” by the USGS were included. Several ffawvameters were computed but for this
specific study, much of the focus was on the metbdow flows only. The Log Pearson il
distribution was used in the analysis due to nunerero values in the streamflow data and as
recommended by Kroll and Vogel (2002) in their stoflthe low-streamflow data series of
numerous streams in the US. The HydroToolbox,»xaeEadd-in, which has a built-in Log
Pearson Il computational function (http://www.daduth.edu/~renshaw/hydrotoolbox -

accessed 20 February 2009), was used.

Spatial distribution and grouping

Spatial distribution of the gauging stations waoahken into account. Two aspects
were considered, the north-south and east-westtatien, and the ecoregional representation. It
should be noted that Kansas climate greatly véines east to west rather than from the north to
south orientation (Sophocleous, 1998). Howevervihter resources regions by USGS which is
based on the major watershed divide between thed&aand Arkansas Rivers is on a north-
south orientation (Figure 4-7). Incorporating &éoelogical relevance, gauging stations selected
were also located to represent relevant ecoregi®hsre are several ecoregions that exist in the
state of Kansas (Figure 4-8), namely; ecoregign®imernick (1987) and Bailey (1983),
National Ecological Observatory Network (NEON) @gs(Hargrove et al., 2006; Keller et al.,
2008) and fish ecoregions (Hawkes et al., 1986)e dcoregions by Omernik and Bailey are
based more on the environmental factors creatingti@ns in the ecosystem (Bailey, 1983), and
causal and integrative factors for the potentiaired vegetation (Hargrove et al., 2006;
Omernik, 1987). Both of Omernik’'s and Bailey’s emgions, though aquatic ecosystem was
considered (Bailey, 1983), does not entirely regmethe differences in aquatic ecosystem of
Kansas and combines different water resourcesmegiowhich the hydrologic regimes are very
different. NEON ecoregions empirically partitionga@ US into 20 ecoclimatic domains using a
comprehensive statistical analysis of ecoclimaagtesvariables and dynamic air mass
seasonality data, among others (Hargrove et a80620Applicability of the NEON ecoregion for
this study is relatively inappropriate. Fish egpoas were the closest applicable regional

delineation found. The delineation of the fishregions was done by Hawkes and others (1986)
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based on ecologically meaningful fish assemblagecanonical discriminant analysis of
environmental variables (i.e. mean annual runofamannual growing season, and stream
discharge). One good characteristic of the figiresgion is that it conforms with the hydrologic
unit and watershed divides as well as the east-oresitation of Kansas that dictates the
regional variation on climate. With minor genezation, this ecoregion was adopted to group

the gauging stations.

Figure 4-7. Location of the selected gauging stafis, representative counties and the

regional grouping.

e

~Es e ' Northeast A
P ‘? : 'I |
> ‘ .
Z 6873000 o ckson
P 2l Zno ot ! Northwest \& . %‘30 6852000
| _ SO

6860000 i Y
.“‘" \—1 % / 4 _&_“ Ay
“a gl 6914000 |
7141200
/ 9

Southwest

200 ¢ Greenwood
7167500
wli 9 :

SoutheastI '

i

ra

=i

.

P~

e ]'
7157500

i

Chaut qua7‘;72 0

<

:I Hydrologic Unit 11 - Kansas Reservoirs

:I Hydrologic Unit 10 m High_Plains_Aquifer Extent @ Selected gauging stations

E Representative County

I ometers
Kansas Rivers 0 1930 60 80 120

—— Station's upstream reaches

79




Figure 4-8. Different ecoregions of Kansas: a) ewggion by Bailey; b) ecoregion by

Omernik; c) NEON ecoregion; and d) fish ecoregionef Kansas by Hawkes, et al.
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Statistical Model

One of the approaches in determining factors domting to a certain phenomenon is by
running a multi-variate statistical model. In det@ring the presence of correlation between
variables, Pearson correlation was employed. Aeabdpremedial measures were implemented
where correlation was detected. Step-wise, baaketimination regression method was
conducted using the Minitab 5.0 software programe Of the good characteristics of the
backward elimination procedure is that the meandstad error values tend to be more nearly
unbiased because important predictors are retanedch step (Kutner et al., 2005). Assessment
of the model was based on alpha = 0.10. The Mall@p (prediction sums of squares)
criterion, which is concerned with the total megnared error, was also computed as an added
tool in assessing the performance of the model.cldeer the value of Mallows’ Cp to the total
number ofp (humber of predictors plus the constant), thedessthe bias, and the smaller is its

value, the smaller is the total mean squared efiwe.coefficient of determination’fiwas
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computed to assess the ability of the regressimaniti explaining variations of the independent
variables in the model. Another measure that wasmgged was the predicted which is useful
in assessing the performance of the model for éusgenarios. A state-wide analysis was first
conducted followed by a regional approach.

Sources of data

One of the major challenges for this study wasatkaglability of historical data for each
stream and its watershed. The general approachovgetect the most representative county for
each watershed since much published informatiavadable on a county basis. The county
selected occupies, if not the majority of the wslted area, at least the highest percentage of
watershed area compared with other counties iw#tershed. The list of stations and the
corresponding representative counties are presémfeable 4-1 and the location of the counties
are in Figure 4.7.

The groundwater recharge rates were estimatedtfiermaps generated by Hansen
(1991) and Sophocleous (2005). The values ofdblearge rates, in centimeter per year, are the
estimated potential natural recharge rates for@peesentative county.

Soil type data for the representative counties wiesenloaded from the US Soil Survey
Geographic (SSURGO) database (http://soils.usdé&sgoxey/geography/ssurgo). The surface
runoff, which refers to the loss of water from aaaaby flow over the land surface, is based on
slope, climate, and vegetative cover. The conceptates relative runoff for very specific
conditions. Classes were generated on the assunthabthe surface of the soil is bare and that
the retention of surface water resulting from itdagities in the ground surface is minimal (Soil
Survey Division Staff, 1993). The classes are kath@s negligible, very low, low, medium, high,
and very high. The numerical values are on a safalel10, with 10 as having very high surface
runoff (Table 4-2). A single value was derived éach county using the weighted-area method.

The water use data was taken from the Kansas Geal@urvey's (KGS) Water
Information Management and Analysis System (WIMASHabase
(http://hercules.kgs.ku.edu/geohydro/wizard/indemih The database contains the information
of all the water rights issued in Kansas. The @atands back to the 1950s when the first water

rights were issued. Water rights are the maximemmjyited amount of water that can be
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extracted from water sources such as a river amangivater. Average volume of water use for

the representative county in cubic meters (acrg-feas used in the analysis.

Table 4-1. List of gauging stations, representate/counties and regional grouping used for

the study.
Gauging Station No. Representative County Area Region
County (km?)
6860000 Logan 1,619,950 Northwest
6863500 Ellis 1,358,736
6873000 Graham 1,356,193
8646500 Rawlins 1,614,859
7141200 Hodgeman 1,298,275 Southwest
7144200 Harvey 814,261
7149000 Barber 1,712,208
7151500 Meade 1,477,170
6889500 Jackson 987,428 Northeast
6892000 Leavenworth 699,428
6914000 Anderson 880,066
7167500 Greenwood 1,720,620 Southeast
7172000 Chautauqua 968,792
7180500 Chase 1,171,401

Table 4-2. Assignment of numerical values to SSURBGsoil runoff classes.

Soil class label

Numerical assignment

Negligible

Very low
Low
Medium
High

Very high

1

0w oy PN

10

The values used for land use were the averagemienapland in the representative

counties. The Kansas State Board of Agricultutgctv publishes the Kansas Agriculture

Annual Report, was the source of data for land Wt of the publication was the area of land

per county that is harvested to crops and thisthesrrea used in computing the percent
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cropland. It is important to note that especiallyhe western region of Kansas including some
counties in the central region, fallowing is beprgcticed and it was included in the cropped
area total.

Conservation practices refer to the adoption ded#nt soil and water conservation
practices on the farm. The adoption varies ovee tand extent of area. There is no database
available on this aspect for Kansas. Estimatiothisffactor was based on expert judgment. Dr.
Koelliker is one of the leading hydrologist and erahed modeler in Kansas. He was also
involved in several water conservation project®sgithe state and thus is knowledgeable
enough to give some figures on the estimated anlopfi the practices. A scale of 1-100 was
used. Emphasis placed on how much in percent firastices were estimated to reduce surface
runoff. A value of 50 would represent a 50 perastimate of reduction of surface runoff.

Moisture deficit, which is the difference betweesefwater surface evaporation and
average annual precipitation, was used as the tdifaator. The moisture deficit values used
were the estimated value for the representativatydoom the map (Figure 4-6) taken from
Sophocleous (1998).

The complete list of parameters, including the galus in Appendix C.

Results and Discussions

The Log-Pearson Il method was used to calculaertbdian to low-flow. The flow
values for each station and are presented in #aBle It shows that most of the streams in the
west, all flow aspects (i.e. median, low and vemy flows) are decreasing over the periods but
the last period (1993-2006) shows some rebounti®figw. In the east, however, the values are
increasing over time. There could be a numbeeasons for this trend in streamflow, but to
single out one factor would be difficult at thisimto

Before running the multi-variate regression, catieh between paired parameters was
determined using the Pearson correlation methddheistate-wide level, correlation was
detected between some variables, such as betwiesateland recharge rate and soil type, and
between soil type and recharge rate. Omittingartevo variables is one of the remedial
measures that can be used where collinearity betwagables occurs. This is especially

applicable if the information on the variable todrepped is integrated into the remaining
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Table 4-3. Flow values derived using Log Pearsoml distribution at the stations. The P50

is the median flow, P80 is low flow and P90 is verpw flow.

. . . Flow (I/sec/km?)

Region Station Period =6) P80 590
Northwest |8646500 |1948-62 31 1 0
1963-77 0 0 0

1978-92 0 0 0

1993-2006 0 0 0

6860000 |1948-62 51 2 0
1963-77 15 1 0

1978-92 0 0 0

1993-2006 2 0 0

6873000 |1948-62 926 42 4
1963-77 264 16 2

1978-92 46 1 0

1993-2006 276 5 0

6863500 |1948-62 801 170 64
1963-77 491 232 172

1978-92 405 144 73

1993-2006 1,116 74 8

Southwest [7151500 |1948-62 784 29 2
1963-77 933 80 9

1978-92 483 266 108

1993-2006 417 235 103

7141200 |1948-62 159 4 0
1963-77 1 0 0

1978-92 0 0 0

1993-2006 0 0 0

7149000 |1948-62 5,163 657 83
1963-77 4,530 1,106 229

1978-92 5,404 2,269 752

1993-2006 7,024 2,544 934

7144200 |1948-62 1,885 696 455
1963-77 2,233 1,034 789

1978-92 1,837 673 441

1993-2006 2,430 940 646

Northeast 6889500 |1948-62 3,361 92 6
1963-77 4,297 1,248 690

1978-92 5,299 1,535 836

1993-2006 4,562 1,431 828

6892000 |1948-62 4,192 248 32
1963-77 4,707 992 433

1978-92 5,564 798 249

1993-2006 4,277 910 409

6914000 |1948-62 1,022 16 1
1963-77 2,756 162 25

1978-92 1,931 59 6

1993-2006 2,024 105 16

Southeast [7180500 |1948-62 2,102 21 1
1963-77 5,504 2,107 1,348

1978-92 10,406 2,117 460

1993-2006 11,080 2,428 651

7167500 |1948-62 415 2 0
1963-77 3,597 74 4

1978-92 2,977 76 5

1993-2006 3,158 593 253

7172000 |1948-62 921 8 0
1963-77 4,479 143 11

1978-92 3,776 99 7

1993-2006 6,899 366 41
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variables (Kutner et al. 2005). In this case, alienand soil type were integral in the
computation and assessment of the potential reelvatg (Hansen, 1991; Sophocleous, 2004).
Running a simple linear regression on climate, aegh rate and soil showed a very good
agreement in the variables with a coefficient dedmination or 7= 0.97 and predicted =

0.96. Climate can then be expressed as:

Climate = - 61.6 + 5.66 (Recharge rate) + 1.00I}Soi

Pearson correlation was also applied for regionalysis, and in all cases, climate
continued to be correlated with recharge rate antgesimes soil type or land use. Omission of
climate in the independent variables was emplogedadintain non-collinearity between
variables. This is a basic assumption in multiplear regressions (Kutner et al., 2005). Soil
type was also omitted in the analysis for the se@at and northeast regions, and water use was
likewise omitted for the southeast region.

Running a multi-variate, backward-elimination lineagression for each of the flow
aspects using the identified factors reveals istarg information. Table 4-4 presents the
simplified summary of results of the model run tioee whole state and at the regional level (see
Appendix B for detailed results). The significéattors, at alpha of 0.10, are the ones listed in
the table with its corresponding effect, either@ase (+) or decrease (-), on the streamflow. The
measure of errors and bias, Mallows’ Cp, and tleelipted f for each flow regime model are
also shown on the lower portion for each region.

The state-wide models could not adequately idethigyfactors through the linear
regression. One measure of this inadequacy i€ values, with the median flow reaching
only at 0.40. The predictelwas even lower rendering the low to very low flamappropriate
for predicting future values. The measure of ereord bias, Mallows’ Cp, were also poor. The
very low flow has no significant factor at all. @major factors that are relevant for the median
to low flow regimes are potential recharge rate land use, with land use reducing the flow
with the increase in the conversion of land intoptand. Intuitively, potential recharge rate
tends to increase the very low flows since dischdrgm the groundwater, should sustain the

baseflow or low flow, because it is a product & thcharge process.
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Regional analysis produces better models thanstate-wide level, with’rrising to as
high as 0.90 in the southwest region. In the et region, soil type is the significant factor
influencing the very low to low flows. Soil typertds to increase the magnitude of flow. There
is little intervention that can be done on soilgypelp sustain the very low and low flows in the
region. At the median flow, potential rechargefiatthe only significant factor. Thewvalues
are less than 0.50 and the predictedatues are even lower. Bias is relatively high.

In the southwest region, potential recharge ratelamd use are the two significant
factors for the three flow regimes. All of themveayood 7 values, and even predicteg with
the highest at 0.90, indicating good correlatiotwieen the flows and the variables. The

measure of biasness is relatively low, too.

Table 4-4. Summary of results of multivariate linar regression on the median, low-flow

and very low flow on each region and its effect.

REGION ZVery Low Flow (P90) Low Flow (P80) Median Flow (P50)
R Factor Effect R? Factor Effect R? Factor Effect
All -none- 0.09  Land Use - 0.40  Land Use -
Regions SWCPractice —
0) MC, = 0.6 (0.33) MCp = 1.7
NW 0.30  Soil type + 0.42  Soil type + 0.43  Recharge +
(0.04) MC,=0.1 (0.23)  MCp,=3.2 (0.25) MC,=25
SW 0.66  Recharge + 0.74  Recharge + 0.90  Recharge +
Land Use — Land Use — Land Use —
(0.41) MC,=5.0 (0.54) MC,=4.8 (0.82) MC,=3.0
NE 0.81  Land Use - 0.75  Land Use — 0.69  Recharge —
SWCPractice + SWCPractice + Water Use +
Water Use -
(0.58) MC,=3.3 (0.58) MC,=2.9 (0.44) MCp,=1.8
SE 0.43 Recharge - 0.73 Recharge — 0.74 SWCPractice +
SWCPractice + Recharge —
(0.04) MC,=-0.1 (0.42) MCp, =5.0 (0.48) MCp=1.4
() - predicted® MG, — Mallows’ Cp value Recharge — potential rechaege

SWCPractice — adoption of soil and water cons@mairactice

There is no single factor that dominates in theheast region, but thé values are
relatively high. For very low flow, land use, saitd water conservation practice, and water use
are the significant factors, while land use andl@ai water conservation practice are significant
factors for low flow. On both flow regimes, soilcawater conservation practice contribute to
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the increase of flow. Bias is also low for botbvil regimes. For the median flow, recharge rate
and water use are the significant factors, withdyoarrelation but with the presence of biasness.
It is at this flow regime where potential rechargte tends to decrease the flow, while the water
use increases flow. This is a major shift in thftuience on the flow. This is also a similar
observation on the effects of the significant fegio the southeast, even for the land-use factor.
In the southeast region, the only significantdador the very low flow is potential
recharge rate. This has the lowéstalue for all the regional models. The low flonste
relatively high f value as well as the least bias model base dat®ws’ Cp value. Recharge
rate, and soil and water conservation practicesharsignificant factors, similar to median flow.

The median flow has high modéland predicted’rvalues.

Implications

In all flow regimes and regional setting, land effect was always negative and tends to
decrease the flow with increase in percent of hegaested for crops. Though not directly
implied, the conversion of rangeland to croplarmeases infiltration and effective use of water,
inhibits surface runoff to leave the farm area, arigates the farm, in some area, by either
extracting groundwater or by other means. Coletyi these activities generally decreases the
sustained low flow in nearby streams, thus is cédle in the model. Increasing the percent
cropland will subsequently reduce the median tg \@w flow in the streams.

Potential recharge rate is another significantdiaict many flow aspects and regions.
Potential recharge rate has increasing effect erfildhv in the western regions, but a decreasing
effect on the east. Western sections of the statenore water deficit than the east which makes
potential recharge rate a significant factor omeasing the median to low flow west. Probably
in the east, instead of the percolated water rgamguthe stream, the water is rather lost or goes
deeper into the soil profile. But, it should beatbthat potential recharge rate is based on at
least three components: precipitation, soil type laydraulic potential of the soil column. To
isolate one or two of these components is beyoaakjective of this study.

Adoption of soil and water conservation practicesrdases the median flow in the west,
but increases the flow in the eastern regions.h\tti¢ little available water to actually conserve
in the west, it just makes sense that little tavader will end up to the streams. But in the east,

the different practices will actually help in sustag the median to very low flow of the streams.
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Water use tends to decrease the flow of the stre&insever, in the east, water use
could actually increase the flow, to some respsnte water use also includes extraction for
domestic and industrial use. Somehow, the draimager and other excess water in urban areas
on the east help maintain the median flow.

In the interest of the climate factor, though itsvaamitted in the variables for establishing
the relations, its contribution in determining faee of the streamflow is vital. In fact, the
factors with which it was highly correlated, poiahtecharge rate, land use and soil type are
significant factors in many of the regions and flegimes. Other than the climate being
integrated in the values of these factors, it calsd be argued that climate can also be
expressed as a function of these factors (as skeawier).

These explanations attempt to explain and linkstagstical result to the actual
mechanisms and processes occurring in the stadeiever, it should also be recognized that
there is more complexity in nature than what iseobsd. The complex climatic and
hydrogeologic characteristic of Kansas, as weligrgcultural activity throughout the region, add

more to this condition.

Summary and Conclusion

This study has shown that changes in streamfloteahave been experienced in
unregulated streams in Kansas. These changesdi#fbending on the regional location within
the state. Western Kansas streams are losingdl@wvthe decades, while eastern streams are
gaining. Statistical models were used to iderttiy causes of these changes in streamflow. Of
the factors identifies, multi-collinearity was falion the climate, thus, was omitted in the
succeeding statistical runs. A good relationslgipveen what is happening in the watershed and
the streamflow resulted witfi of up to 0.90 in two cases. The dominating fae®well as the
behavior of individual factors is different betweegions. Interestingly, the potential recharge
rate, soil and water conservation practices, anémaese factors were found to have different
effects on the streamflow depending on the rediore thing is definite, anthropogenic factors
(i.e. land use, water use and soil and water ceatien practices) are substantial players in
changing the stream flow pattern across the stltés corroborates with the observation of
Sophocleous et al. (1998; 2002) and the resule@ttudies of Szilagyi (2000; 2006) that indeed
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human activities in the watershed play a vital inldetermining the fate of the streams in the
Great Plains.

Changes in the climate condition, though not diyaacluded in the regression models,
are also essential factor that is important. &, fdne factors where it was highly correlated,
potential recharge rate, land use and soil typee weme of the dominant factors in the regional
analysis.

The regional grouping of the streams was constddnyethe available long, continuous
streamflow data from unregulated streams. Howatvehould be recognized that the grouping
adopted here does not necessarily be the bestajedsgustering. Adding stations and
undergoing cluster testing might improve the ralighof the statistical model.

The results of this study are useful for decisiakers and stakeholders in being aware
that the factors causing streamflow changes mdgrdifom one region to another. Thus,
decisions made in response to the different as/ivithin the watershed may result in different
streamflow changes. Another potential use for shusly is for forecasting the effect on
streamflow should there be changes in the idedtiaetors within the watershed. Except for a
few cases, the predicteare high enough for changes in the significantioi@cto help forecast

changes in the conditions in the streams.
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CHAPTER 5 - Conclusion and Recommendations

This dissertation has methodically documentectianges occurring in several
unregulated streams of Kansas. The chapters lemredequentially arranged to characterize the
streams across the state, to connect the hydralugjices to the riverine ecosystem, and
eventually identify the relevant factors involvedthe changes.

Conclusion

The first study characterized the unregulated steeaf Kansas. This is an important
task since Kansas has a lot of variability in gpgation amounts, temperature, geologic
formations and agricultural conditions. Variatiammne also in the regional setting from north
to south for hydrologic units and east to westclonatic conditions and geologic formations.
The different ecoregions (Bailey, 1983; Hargrovalet2006; Hawkes et al., 1986; Omernik,
1987) are another indication of the regional vasiet in the state. The differences in streamflow
characteristic were substantiated by computingcamdparing different hydrologic indices over
time. In the east, the flow in the streams is iasheg over the decades, while in the west, the
flow is relatively decreasing, despite the steatyease in precipitation during the study period.
Worse, the days with no (zero) flow and flow belthweshold level, in this case 0.028/s(1
cfs), are also increasing in many of the westewasts. This is particularly disturbing for the
survival of aquatic organisms. At the conclusiornha study, there is reason to believe that
streamflow aspects of most Kansas streams are iclgaragnd the pattern of changes varied
regionally. The major contributing factor for tregional differences in streamflow response, or
pattern of change, is probably precipitation, hivéties and changes in the watershed are
probably also influential.

The second part of the dissertation looked at whatcurring with the streamflow
aspects relevant to the aquatic ecosystem, or avbatalled hydrologic indices. It was evident
from Chapter 3 that somehow the variability of sheams was suppressed as shown by the
predictability index and the flood events. Reskdntdings from hundreds of rivers around the
world clearly demonstrate that when one or moreespof hydrologic variability are removed

or suppressed in a river ecosystem, many riveriepsaffer (Postel and Richter, 2003). This
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condition of the unregulated streams in Kansaphatsably precluded the investigations of
Strong (1998), Eberle (2002), Walks (2007), Dodx¥0@), and Jelks et al. (2008), among
others, that saw some impact and changes on thesfend other riverine organisms in the
region. The magnitude, frequency and intensitpwfflows were also analyzed and were found
to be changing over the decades. The conditidheoivestern streams on this aspect is getting
worse, such as longer periods of dry days thatratauwe often. Spawning season is one of the
critical periods for the fishes that could be greatfected and there is evidence to believe that
changes have been detected in some streams. ririgs but the fact that plants and animals of
a riverine ecosystem depend upon habitat condititaisare determined largely by the
streamflow. Each organism has different habitatseor preferences, which typically vary
during their life cycles, as well as different t@eces for unfavorable conditions. Many of
Kansas’ native species have been tested by nattagability over thousands of years. Factors
such as communism, predation and competition, fégetad by streamflow to varying degrees,
making the flow regime a powerful influence on atreor river health (Postel and Richter,
2003). Thus, changes that have been observedeairtdgamflow will pose some degree of stress
on the organisms and could eventually initiate egicll changes.

Human activities are not without effect to the rime ecosystem, through streamflow
changes. This is clearly evident in the result€lo&pter 4. There are many ways in which
humans could alter the flow either to improve ogrdele the condition of the stream. This was
shown in this chapter where a significant factog.(&and use) in the west contributed to the
decline of flow, but that same factor influencedrrease in flow in the east. The statistical
model was able to establish good, if not the hmstelation between the identified factors that
could influence streamflow and the median to very flows. Forecasting certain conditions
could also be implemented since the predictiweatues are at acceptable levels.

Kansas would not want to lose a stream. There smmount of words that could put the
whole scenario of losing a stream into its releeatachuman communities as well as the various
ecosystems. Postel and Richter (2003) eloquetatgd that the economic benefits of ecosystem
conservation have largely been ignored because ohositure’s life-sustaining services, like the
benefit of the stream, are not valued in the maplkaate or by any other conventional
mechanisms. We are prone to squandering the wefatthiture without ever tallying the losses.

It is difficult to quantify the cultural and aestlzevalues of river fishes other than the
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commercial catches, as well as the value peoptema just knowing that native fish
populations continue to exist. In monetary terat®system services contribute as much to
human welfare as all goods and services valuedeimtarketplace do. But the question now is
what should be done.

This study documented the changes that are ocgurrithe unregulated streams of
Kansas with focus on some of the ecologically-ratg\hydrologic indices. The factors
influencing these changes were identified and tteams were characterized. The next step is to
make the necessary resource management plan takongpnsideration the differences, and
similarities, that make Kansas stream and aquatisystem highly diversified. On another
aspect, it is important that before making futueeigions that will or may have an effect on
streamflow conditions, it is imperative to consitlee local conditions, such as land use, water
use, and conservation practices, as well as thersfegd’s regional or climatic condition, such as
precipitation.

In many parts of the world, the harnessing of stieand rivers for economic gain is now

causing more pain than good. Will Kansas stream®fsuit?

Recommendations and Limitations

There are several objectives set for this studyak envisioned to link the biological
aspect of the stream to hydrology. There have bdehof discussions and contentions set forth
in this study to narrow that gap. But it has tadeognized that in as much as hydrology wants
to supply all the answers for the aquatic ecosysteeninteraction, complexity and diversity of
the ecosystem itself poses greater uncertaintyedlsa@ resiliency in its response to the changes.
Detecting and quantifying the changes may be e¥iegtdelivered, but giving definitive
answers on the ecological response of the aquadgystems, individually or a whole, is a major
limitation.

The studies conducted in this dissertation onlylutsa from 14 gauging stations of
streams regarded to be unregulated having 60 o& years of continuous discharge data. One
assumption is that these types of data will reprietbee numerous unregulated and ungauged
streams around the state. However, changes inrdgines and characteristics are not only
occurring on unregulated streams but more espgd@mbegulated streams. It is also important
to assess the changes in these streams and helated the realm of aquatic ecosystem.
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The majority of the data used here are all secondiata taken by different government
agencies. The measure of data uncertainty arabrgly of data were not considered. This is
one aspect that could be worth investigating.

In identifying the factors that influence the chasgn the stream, the statistical method
used was step-wise regression using backward eltrom This method does not assure that the
best model will be derived. There are still a neméif regression analyses that could be
examined that may produce a more accurate andtrotmgel. But for the purpose of the study,
the result of the back-ward elimination is suffrdi¢o identify the predictive or influential factor
on the streamflow. Furthermore, statistical aredysould also be expanded to include other
hydrologic indices as well as identify more factohsshould also be noted that the approach in
generating the values for the different factors was county-wide basis. One area of
improvement for this, should the data become abks)as to use basin-wide data. This might
improve the reliability and accuracy of the modate the county-wide data may not be the best

depiction of the conditions in the watershed.
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Appendix A - The 3- and 30-day minimum flows

Figure A-1. The 5-year trailing average of 3-day mmimum flows at each stations grouped
by region.
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Figure A-2. The 5-year trailing average of 30-dayninimum flows at each stations grouped

by region.
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Appendix B - Detailed model results
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Table B-1. Model results of backward elimination rgression using alpha=0.10.

Flow Aspect

REGION Variable Measures 590 | 530 [ P50
All Land Use Coefficient -72
Regions p-value 0.00

SWCPractice Coefficient -12.2 -47
p-value 0.03 0.01
Constant 945 6067
R? 0.09 0.40
Mallows Cp 6.85 1.7
Predicted R? 0 0.33
NW Soil Type Coefficient 79 146
p-value 0.03 0.01
Recharge Rate Coefficient 572
p-value 0.01
Constant -254.5 -468.8 -295.4
R? 0.30 0.42 0.43
Mallows Cp 0.4 3.2 2.5
Predicted R? 0.04 0.23 0.25
SwW Recharge Rate Coefficient 260 590 1718
p-value 0.00 0.00 0.00
Land Use Coefficient -9.2 -41.9 -141
p-value 0.03 0.00 0.00
Constant 116.37 1297.7 4857
R? 0.66 0.74 0.90
Mallows Cp 5.0 4.8 3
Predicted R? 0.41 0.54 0.82
NE Land Use Coefficient -45.6 -68
p-value 0.00 0.00
SWCPractice Coefficient 51 59
p-value 0.01 0.036
Recharge Rate Coefficient -1393
p-value 0.01
Water Use Coefficient -0.00004 0.00025
p-value 0.05 0.01
Constant 1880 2944 13524
R? 0.81 0.75 0.69
Mallows Cp 3.3 2.9 1.8
Predicted R? 0.58 0.58 0.44
SE Recharge Rate Coefficient -357 -946 -2725
p-value 0.02 0.00 0.01
SWCPractice Coefficient 100 532
p-value 0.05 0.01
Constant 2518.86 6082 18636
R? 0.43 0.73 0.74
Mallows Cp -0.1 4.0 1.4
Predicted R? 0.04 0.42 0.48
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Histo

County

Rawlins

Logan

Graham

Ellis

Meade

Hodgeman

Barber

Harvey

Jackson

Appendix C - List of parameters used in the model

Period

1948-62
1963-77

1978-92
1993-
2006

1948-62
1963-77

1978-92
1993-
2006

1948-62
1963-77

1978-92
1993-
2006

1948-62
1963-77

1978-92
1993-
2006

1948-62
1963-77

1978-92
1993-
2006

1948-62
1963-77

1978-92
1993-
2006

1948-62
1963-77

1978-92
1993-
2006

1948-62
1963-77
1978-92
1993-
2006

1948-62
1963-77
1978-92
1993-
2006

SW Practices

Scale (1-100)
10
25
45

60
10

25

45

60
10

25

40

50
10
20
30

40
10
25
40

50
10

25

40

50
5

10

20

30
5

10

15

25
2
4
8

12

Land use

%

48
50
49

52
39

45

48

44
49

a7

49

40
48
47
42

42
49
50
46

43
50

50

48

47
28
27

24

25
67
68
71

80
39
35
35

33

Soil Type
Scale (1-10)
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3.7
3.7
3.7

3.7
3.1

3.1

3.1

3.1
3.3

3.3

3.3

3.3
3.9
3.9
3.9

3.9
3.4
3.4
3.4

3.4
3.2

3.2

3.2

3.2
3.5

35

35

3.5
2.5
2.5
2.5

Rechge  Climate Water use
cmiyr cm m®
0.7 -49.8 83,0
0.7 -49.8 8,001,420
0.7 -49.8 20,432,103
0.7 -49.8 23,081,542
0.5 -55.2 917
0.5 -55.2 1,249,762
0.5 -55.2 11,896,503
0.5 -55.2 10,813,391
15 -48.5 0
1.5 -48.5 223,450
1.5 -48.5 12,242,782
1.5 -48.5 15,446,870
1.3 -47.1 6 8
1.3 -47.1 324,323
1.3 -47.1 6,494,026
1.3 -47.1 5,456,651
1.5 -56.5 1,714
1.5 -56.5 2,680,105
1.5 -56.5 177,684,192
1.5 -56.5 205,425,081
1.2 -56.5 688
1.2 -56.5 1,964,194
1.2 -56.5 35,450,544
1.2 -56.5 37,040,435
2.4 -45.8 925
2.4 -45.8 93,416
2.4 -45.8 4,300,487
2.4 -45.8 6,250,660
4.3 -31 582
4.3 -31 3,319,788
4.3 -31 51,827,623
4.3 -31 60,026,864
6.6 -14.8 10
6.6 -14.8 21,159
6.6 -14.8 972,775
6.6 -14.8 1,548,017



County

Leavenworth

Anderson

Chase

Greenwood

Chautauqua

Period

1948-62
1963-77

1978-92
1993-
2006

1948-62
1963-77

1978-92
1993-
2006

1948-62
1963-77

1978-92
1993-
2006

1948-62
1963-77
1978-92
1993-
2006

1948-62
1963-77
1978-92
1993-
2006

SW Practices
Scale (1-100)
2
4
8

12

Land use

%

38
33
39

33
43

46

50

52
13

13

13

12
15

14

12

12
14
11
11

9

Soil Type Rechge  Climate

Scale (1-10) cmiyr
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6.9 7.8
6.9 7.8
6.9 7.8
6.9 7.8

7.1 8.2
7.1 8.2
7.1 8.2
7.1 8.2

6.7 54
6.7 54
6.7 54
6.7 54

7 7.1
7 7.1
7 7.1

7 7.1

6.5 6.7
6.5 6.7
6.5 6.7
6.5 6.7

cm

Water use
m3
-10.8 3,406
-10.8 6,629,379
-10.8 8,610,430
-10.8 9,560,968
-9.4 0
9.4 16,529
94 958,085
-9.4 1,682,731
-21.5 26
-21.5 90,661
-21.5 310,672
-21.5 362,203
-17.5 1
-17.5 17,974
-17.5 905,045
-17.5 1,342,379
-17.5 0
-17.5 109,305
-17.5 566,825
-17.5 714,802



Appendix D - Working database

Description
The MS Access database, JPA_KSHydro.mdb, was deselo facilitate data
management and queries for the dissertation. aomhdaily streamflow discharge, water use
and land use data for Kansas. It also containanhéysis generated by the IHA for the

unregulated gauging stations.

Queries
Operational queries and cross-tabulations wereldeeé to extract the information from
the tables of the database. These are usualifotmats that are ready for export and

computation in MS Excel.

For more information and questions on the specdfdke database, email:

jaguilar@ksu.edu or jpa911@gmail.com.
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