Journal Menu

* Hydrology Home
Alms & Scope
Ediional Board
Toplcal Advisory Panel
Instructions for Aunors
Special Issues
Topics
Sections. & Collechions
Aticle Processing Charge
Ingexing & Archiving
Editor's Choice Arlicles
Most Cited & Viewed
Joumal Statistics
Journal Hislory
Joumal Awards
ESociety Collzborations
Conferances
Ediinral Office

Journal Browser
volume

issue

publind

INDEXACION - HOMOLOGACION

Regional Analysis of the Dependence of Peak-Flow Quantiles on Climate

with Applicati

to Adjust

Hydrology

t to Climate Trends

e T

Hyorology is an infermational, peer-reviewed, open access jounal on hydrokogy published monthiy
aniing by MOPL The American Institute of Hydrology (AIH) and Japanese Society of Physical
Hydrology (JSPH) are afiliated wilh Hydroiogy and Thelr members receive discounts on the article
processing charges

m — free for readers, with article processing charges (APC) paid by authors or their
msthubions

High Visibility: indéxed within Scopus, ESCI (Web of Science), PubAg, GeoRef, and other
diatabases.

Joumnal Rank: JCR - Q2 (Water Resounces) / CteScore - Q7 (Oceanagraphy)

Rapid Publication: manuscripis are pear-eviewed and 3 first decision is provided fo authors
approximately 17.9 days after submission; acceptance to publication is endertaken n 2 8 days
{median values for papers published in this journal in the second hall of 2025).

of who provide timely, tharough peer-review repons recene
veuchers entitling them fo a giscount on the APC of their next publication m any MOFI joumal, In
appreciation of the work done

Journal Clusters of Water Resources: Water, Journal of Maning Sciance and Enginesning

Hydrology,

., Deeans, Li i

| Review, Coasts

Impact Factor: 3 2 (2024) 5-Year Impact Factor 3.0 (2024)

= Impnnt Information

i Journal Flyer

ISSN: 2306-6338

| Subscribe

News

& November 2025

MOFPI Launches the Michele Parrinefio
Award for Floneering Contributions in
Computational Physical Science

Bl riion
A1 Warch 2620

Michele
Parri

23 January 2026
Meet Us at the Ocean Sclences Meeting
2028, 22-27 Febuary 2028, Glasgow, UK

9 January 2025
MDFPI's Newly Launched Journals in
December 2026

Ciencias

-

# | Buscador Clasificacion Histérico de revistas Registro de informacion Homologacion Noticias

23065338 HYDROLOGY

Calificacion

Al

e
v

Vigencia <

Jul 2024 - Dic 2024

Ene 2024 - Jun 2024

Ago 2023 - Dic 2023

Sires &

Fe

Scimago Journal Rank - SJR

Journal Citation Reports - JCR ,
Scimago Journal Rank - SJR

Journal Citation Reports - JCR |
Scimago Journal Rank - SJR



hydrology

Article

Modeling Water Quantity and Quality Nonlinearities for
Watershed Adaptability to Hydroclimate Extremes in
Agricultural Landscapes

Juan Carlos Jaimes-Correa

check for
updates

Citation: Jaimes-Correa, ].C.;
Munoz-Arriola, E; Bartelt-Hunt, S.
Modeling Water Quantity and
Quality Nonlinearities for Watershed
Adaptability to Hydroclimate
Extremes in Agricultural Landscapes.
Hydrology 2022, 9, 80. https://
doi.org/10.3390/hydrology9050080

Academic Editors: Md Shahriar
Pervez and Naga Manohar Velpuri

Received: 14 April 2022
Accepted: 7 May 2022
Published: 10 May 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

2,3, %

, Francisco Muifioz-Arriola and Shannon Bartelt-Hunt !

203B Peter Kiewit Institute, Department of Civil Engineering, University of Nebraska—Lincoln, 1110 S 67th St.,
Omaha, NE 68182, USA; jcjaimes@huskers.unl.edu (J.C.J.-C.); sbartelt@unl.edu (S.B.-H.)

Department of Biological Systems Engineering, University of Nebraska-Lincoln, Lincoln, NE 68583, USA

3 School of Natural Resources, University of Nebraska-Lincoln, Lincoln, NE 68583, USA

*  Correspondence: fmunoz@unl.edu

Abstract: Changing water supplies and demands, inherent to climate fluctuations and human activi-
ties, are pushing for a paradigm shift in water management worldwide. The occurrence of extreme
hydrometeorological and climate events such as extended wet periods and droughts, compounded
with contaminants, impair the access to water resources, demanding novel designs, construction, and
management across multiple hydrologic scales and biogeochemical processes. A constraint to study-
ing hydrologic and biogeochemical disturbances and improving best management practices for water
quantity and quality at the watershed scale resides in the suitable monitoring, data availability, and
the creation of frameworks. We hypothesize that streamflow and contaminants, simulated by the hy-
drologic model Soil and Water Assessment Tool (SWAT) and evaluated during drought and extended
wet periods, capture the nonlinearities of contaminants of multiple biogeochemical complexities,
indicating the adaptive abilities of watersheds. Our objectives are to (1) use rain gauge and radar data
and linear regression to consolidate long-term precipitation data to simulate streamflow and water
quality using the SWAT model in the Shell Creek (SC) watershed, Nebraska, U.S.; (2) use drought and
extended wet events analytics on observed and simulated hydroclimate and water quality variables
to identify SWAT’s performance; and (3) identify the temporal attributions of streamflow and water
quality to complex biogeochemical patterns of variability. We implement a watershed modeling
approach using the SWAT model forced with rain gauge and radar to simulate the intraseasonal and
interannual variability streamflow, sediments, nutrients, and atrazine loads in the SC watershed.
SWAT performance uses a calibration period between 2000 and 2005 and a validation period between
2005 and 2007. We examine the model’s ability to simulate hydrologic and biogeochemical variables
in response to dry and extended wet flow regimes. The hydrologic model forced by either radar
or rain gages performs similarly in the calibration (NSE = 0.6) and validation (NSE = 0.92) periods.
It reproduces medium flows closer to the observations, although it overestimates low—flows up to
0.1 m3/s while underestimates high flows by 1 m3/s. The water quality model shows higher NSE for
streamflow and sediments followed by nutrients, whereas it poorly reproduces atrazine. We conclude
that seasonal changes and hydroclimate conditions led to the emergence of patterns of variability
associated to the nonlinearities and coupling between processes of natural and human-origin sources.
As climate change propels the occurrence of hydroclimate extremes, the simulation of water quantity
and quality nonlinearities—as properties of complex adaptive hydrologic systems—can contribute to
improve the predictability of climate-resilient water resources.

Keywords: water quality; water quantity; adaptive complex systems; SWAT model; hydroclimate;
atrazine; streamflow
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1. Introduction

The rising frequency and intensity of extreme hydrometeorological and climate events
(EHCESs) attributed to climate change [1-3] evidence the need for paradigm shifts in water
resources management [4,5]. Changes in hydrologic regimes [6-9] and water quality [10-14]
triggered by climate fluctuations also require more integrative resilience and sustainability
frameworks [15-18]. Our goal is to set the basis for predicting hydrologic resilience to
EHCE:s such as droughts and extended wet periods, identifying the ability of modeling to
simulate water quantity and quality in a watershed dominated by human activities.

Watersheds’ rainfall-runoff processes contribute to the mobilization of sediments,
nutrients, and organic matter from croplands. Such transport by streamflow and other
fluxes within the water cycle is extended to chemicals such as pesticides and emerging
contaminants [13,19,20]. The use of watershed models to evaluate hydrologic consequences
of volatile climate conditions represents a valuable opportunity to improve our understand-
ing of their functionalities and mitigate monitoring gaps [21]. These models rely on the
quality of forcings and parameters for accurate simulations and predictions. Long-term
precipitation, a critical forcing in hydrologic modeling, has been monitored using rain gages
at specific locations expanding records across multiple locations. Yet only 10.2% out of
5948 stations worldwide recorded at least 80% of daily values in the past century [3]. With
constrained periods and resolutions, although geospatially distributed, remote sensing
products (radar and satellite) have improved the spatial representation of precipitation
gradients. Also, rain gage and radar products have been successfully used for water-
shed modeling [22-24]. Though, recommended long-term records to assess streamflow
responses to EHCEs conditions [3,25] and the lack of hydroclimate data remain challenging
for hydrologic modeling. The integration of monitoring precipitation techniques (radar and
rain gages) represents an alternative to improve the performance of hydrologic simulations
and extend the records of hydrologic responses to EHCEs [12,26-28].

On the other hand, agricultural runoff is the largest non—point source of pollution
of water bodies as it transports sediments, nutrients, organic matter, and chemicals from
croplands [29]. Contamination of surface waters affects aquatic biota and flora across
multiple hydrologic scales. Nutrients and organic matter reduce dissolved oxygen and
lead to eutrophication [30]. Contaminants of exclusive human origin, such as atrazine, are
used as synthetic herbicides in cropping systems, primarily evident in the United States
of America’s agricultural watersheds [31,32]. The adverse effects on aquatic life include
bioaccumulation, reduction in reproduction, tissue abnormalities [33], sex changes [34],
and photosynthesis inhibition [35]. The simulation and monitoring of this “cocktail” of con-
taminants [14] represent a challenge for identifying watersheds” functioning and resilience.
As with water quantity, shortages of water quality observations [10,36-38] limit the model’s
ability to simulate the fate and transport of pollutants in the aquatic environment. This
factor in water quality and quantity studies also limits our understanding of the patterns
of temporal variability in climate and the hydrologic responses, which can be site-specific
and complex [39]. Some of these complexities reside in the nonlinear relationships between
hydrometeorological processes and the lagged effects of the water quantity/quality. Thus,
integrating theoretical, lab, and numerical approaches [40] becomes a need to diagnose and
predict the hydrologic systems” ability to adapt to a changing environment.

As a property of socioenvironmental complex adaptive systems, nonlinearity is de-
scribed by [41], together with aggregation, hierarchy, and biodiversity. These properties
represent a shred of theoretical evidence to identify the temporal adaptive patterns through
the underlying water quality and quantity variation and their effects on hydrologic systems
in particular and the Earth system in general [13,40,42]. Hence, our scientific question
is: Can a hydrologic model such as Soil and Water Assessment Tool (SWAT) capture
the temporality of the nonlinear responses of contaminants in streamflow simulated dur-
ing drought and extended wet periods? We hypothesize that the simulated streamflow
and contaminants, parameterized by the hydrologic model SWAT and evaluated during
drought and extended wet periods, follow the nonlinearities of contaminants of multiple
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biogeochemical complexities, indicating the adaptive abilities of watersheds. To test this
hypothesis, we formulate three objectives: (1) use rain gauge and radar data and linear
regression to consolidate long-term precipitation to simulate streamflow and water quality
using the SWAT model in the Shell Creek (SC) Watershed, Nebraska, U.S.; (2) use drought
and extended wet events analytics on observed and simulated hydroclimate and water
quality variables to identify SWAT’s performance; and (3) identify the temporal attributions
of streamflow and water quality to complex biogeochemical patterns of variability.

Thus, in rural settings, highly diverted, contaminated, and ungauged watersheds ex-
perience poor continuity or lack of water quantity and quality monitoring. This data-deficit
scenario precludes the identification of the nonlinearities in streamflow and contaminant,
together with the design and implementation of better water management practices. Fur-
thermore, the lack of data and understanding of nonlinearities in changes in water quantity
and quality opaque the identification of the compounded attributions of streamflow, sedi-
ments, nutrients, and pesticides to EHCEs, land use/land cover changes, and contaminants
of human origin [14,43-45].

2. Materials and Methods
2.1. Study Area

The Shell Creek (SC) watershed drains approximately 1200 km? in east-central Ne-
braska and is located primarily in Boone, Madison, Platte, and Colfax counties of Nebraska.
The towns of Schuyler, Platte Center, Lindsay, and Newman Grove are in the watershed,
and the city of Columbus is directly to the south. SC has three major tributaries in the
watershed: EIm Creek, Loseke Creek, and Taylor Creek (Figure 1a). The five towns in the
watershed combined have a population of 1675 people [46]. The daily discharge at the
United States Geological Survey (USGS) gage station averaged 1.40 + 5.13 m?/s between
1947 and 2014, and the average annual precipitation was 671 £ 159 mm/year between 1910
and 2014.
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Figure 1. Shell Creek (a) streamflow network and (b) land uses.
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The watershed is home to heavily agricultural activities. Land cover types include
cultivated (78.2%), herbaceous (14.6%), and forest (1.85%); while developed urban areas
cover only 4.4% of the watershed. Corn (49%) and soybean (27%) dominates land use,
with a high percentage of the cropland for irrigated row crops (46%) (Figure 1b and
Supplementary Materials, Table S1). SC crop season onsets in spring-summer and depends
on deep aquifer recharge or rainfed irrigation. The counties comprising the watershed
include approximately 1550 farms with over 1,050,000 head of swine, cattle, and poultry [47].
Manure from livestock facilities is typically collected and land applied to agricultural fields
as a soil conditioner and fertilizer. In this region, antibiotics are commonly administered
prophylactically for disease prevention as well as for disease treatment. Animals are
typically raised in confined animal feeding operations (CAFO) where they are confined to
production barns (swine and poultry) or feedlots (cattle).

2.2. Data
2.2.1. Rain Gauge Precipitation

We used data from rain gages outside the SC watershed since no instruments following
the World Meteorological Organization guidelines were found. Radar estimates to charac-
terize the temporal variation and spatial distribution of precipitation were obtained from
the National Oceanic and Atmospheric Administration (NOAA) Next Generation Weather
Radar (NEXRAD). A total of 12 rain gages were identified with at least 100 year-long
records (1910 to 2014). Ten stations belong to the National Climatic Data Center (NCDC)
from the Global Historical Climatology Network (GHCN)-Daily database [48] and two to
the High Plains Regional Climate Center (HPRCC). After screening quality data, stations
with more than 90% of daily observations were kept, or otherwise disregarded. This process
led to the selection of eight stations (Supplementary Materials, Figure S1).

2.2.2. Radar Precipitation

The National Centers for Environmental Prediction Stage IV product is a nationwide
mosaic of multi-sensor (radar and gages) precipitation analyses (MPEs), produced by the
12 River Forecast Centers (RFC). It has offered real-time, hourly /six-hourly precipitation
analyses since 2002 with a 4 km resolution [49]. Daily values are summed up from the
six-hourly analysis and the data might have manual quality control.

2.2.3. Streamflows and Pollutant Loads

We accessed the National Water Information System repository of the [50] USGS 2012
using the R package “dataRetrieval” [51] to download the streamflow and water quality
records for SC. The availability of records varies from streamflow daily records since 1947.
However, water quality variables have less than sixty daily observations constraining the
calibration and eventual performance of the model described below. Watershed models
cannot be calibrated properly for a wide range of hydrologic conditions, sediments, and
nutrients loads when watershed lacks monitoring data [36-38].

The disparity in the observations and the need for continuous time series of contami-
nants for the sensitivity analysis and the discussion on contaminant complexity led to the
use of a linear regression to create a long-term synthetic time series. Initially, correlations
between the predictor variable (streamflow) and response variables (e.g., sediments load)
were implemented when data were available, between 1992 and 1994 and 2008 and 2009.
The pollutant loads were calculated as the product of streamflow times its concentration.
A logarithmic transformation was identified to describe the correlation (Equation (1)).
Secondly, a linear model was fit to the Log10 of sediments, nutrients, and atrazine loads.
The performance of the regression was evaluated by the multiple R? and the p-value of
F-statistics. With multivariate regression, each response variable follows its regression
equation, as well as the covariance that exists among each pairwise response variables. For
instance, multivariate regression would consider the relationship between the nitrogen and
phosphorus levels in the water, if one exists. The flows observed in the monitoring periods



