
Hydrol. Earth Syst. Sci., 22, 2739–2758, 2018
https://doi.org/10.5194/hess-22-2739-2018
© Author(s) 2018. This work is distributed under
the Creative Commons Attribution 4.0 License.

A Bayesian approach to infer nitrogen loading
rates from crop and land-use types surrounding
private wells in the Central Valley, California
Katherine M. Ransom1, Andrew M. Bell2, Quinn E. Barber3, George Kourakos1, and Thomas Harter1

1Department of Land, Air, and Water Resources, University of California, Davis, USA
2Center for Watershed Sciences, University of California, Davis, USA
3Department of Renewable Resources, University of Alberta, Edmonton, Canada

Correspondence: Katherine M. Ransom (kmlockhart@ucdavis.edu) and Thomas Harter (thharter@ucdavis.edu)

Received: 14 December 2017 – Discussion started: 17 January 2018
Revised: 7 April 2018 – Accepted: 12 April 2018 – Published: 7 May 2018

Abstract. This study is focused on nitrogen loading from a
wide variety of crop and land-use types in the Central Val-
ley, California, USA, an intensively farmed region with high
agricultural crop diversity. Nitrogen loading rates for several
crop types have been measured based on field-scale exper-
iments, and recent research has calculated nitrogen loading
rates for crops throughout the Central Valley based on a mass
balance approach. However, research is lacking to infer ni-
trogen loading rates for the broad diversity of crop and land-
use types directly from groundwater nitrate measurements.
Relating groundwater nitrate measurements to specific crops
must account for the uncertainty about and multiplicity in
contributing crops (and other land uses) to individual well
measurements, and for the variability of nitrogen loading
within farms and from farm to farm for the same crop type. In
this study, we developed a Bayesian regression model that al-
lowed us to estimate land-use-specific groundwater nitrogen
loading rate probability distributions for 15 crop and land-use
groups based on a database of recent nitrate measurements
from 2149 private wells in the Central Valley. The water and
natural, rice, and alfalfa and pasture groups had the lowest
median estimated nitrogen loading rates, each with a me-
dian estimate below 5 kg N ha−1 yr−1. Confined animal feed-
ing operations (dairies) and citrus and subtropical crops had
the greatest median estimated nitrogen loading rates at ap-
proximately 269 and 65 kg N ha−1 yr−1, respectively. In gen-
eral, our probability-based estimates compare favorably with
previous direct measurements and with mass-balance-based
estimates of nitrogen loading. Nitrogen mass-balance-based

estimates are larger than our groundwater nitrate derived es-
timates for manured and nonmanured forage, nuts, cotton,
tree fruit, and rice crops. These discrepancies are thought to
be due to groundwater age mixing, dilution from infiltrating
river water, or denitrification between the time when nitrogen
leaves the root zone (point of reference for mass-balance-
derived loading) and the time and location of groundwater
measurement.

1 Introduction

Nitrate contamination of groundwater is a common problem
in agricultural regions across the globe that has also gained
increased regulatory attention in recent years. The European
Union Nitrate directive, which strives to protect groundwater
quality across Europe, reported that as of 2010 all 27 mem-
ber states had developed action programs to cut nitrogen pol-
lution. These action programs include monitoring networks,
nitrogen application limits, and new technologies for nutri-
ent processing (European Commission, 2010). In California,
USA, the Irrigated Lands Regulatory Program (ILRP) was
created in 2003 to regulate agricultural water discharge to
surface water. In 2012, the ILRP was updated to issue per-
mits for discharge to groundwater. All commercial agricul-
ture is now regulated under the program (California Central
Valley Water Board, 2016).

Several studies have documented the presence of nitrate
contamination in shallow groundwater of the California Cen-
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