%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

Effects of the USDA Rural Development Water and Waste Disposal Loan and Grant Program
on Rural Water Quality and Local Businesses

James C. Davis, Krishna P. Paudel, and Anil Rupasingha?
Economic Research Service, USDA

Selected Paper prepared for presentation at the 2023 Agricultural & Applied Economics Association
Annual Meeting, Washington DC; July 23-25, 2023

1 James Davis (james.davis2@usda.gov) and Anil Rupasingha (anil.rupasingha@usda.gov) are Economist and Senior
Economist, respectively, in the Rural Economy Branch of the ERS Resource and Rural Economics Division (RRED).
Krishna Paudel (krishna.paudel@usda.gov) is the RRED Deputy Director for Research and Communications. The
findings and conclusions in this paper are those of the authors and should not be construed to represent any
official USDA or U.S. Government determination or policy. This paper was supported by the U.S. Department of
Agriculture, Economic Research Service.




1. Introduction

The formulation of environmental policies by the U.S. government has been instrumental in
improving environmental quality in the country over the last few decades. Early environmental
regulations and standards established by the U.S. government include the Clean Air Act of 1963
and the Clean Water Act of 1972. Since then, many other environmental laws and regulations
have been enacted at the federal and state levels to protect air and water further, and this

effort continues to the present day.

Several studies provide evidence that environmental policies can positively impact
environmental quality. These studies generally find that mandatory regulations, regular
inspections, strong enforcement mechanisms, and other incentive programs have significantly
improved environmental quality. For example, Greenstone and Hanna (2014) suggest that strict
monitoring and enforcement of regulations effectively reduce environmental pollution. Shapiro
and Walker (2018) suggest that environmental regulations significantly reduced pollution from
manufacturing industries between 1990 and 2008. Hu et al. (2022) show that the effects of
policies on pollution reduction vary among cities and are affected by regional economic
development. Liu et al. (2022) provide quantitative estimates of the influence of the
Environmental Quality Incentives Program (EQIP), a voluntary conservation program on working
agricultural land in the United States that provides cost-sharing contracts to improve
environmental quality on agricultural lands. They find evidence that EQIP payments have
improved some aspects of water quality, such as reduced biochemical oxygen demand and

nitrogen, but have also increased total suspended solids, fecal coliform, and phosphorus.

We add to this strand of literature by studying the effectiveness of USDA Rural Utilities Service

Water and Environmental Programs (WEP). Ours is the first paper to assess the effectiveness of



the WEP program in reducing water pollution. We also improve the existing literature on
environmental improvement by introducing the effect on business activity in welfare analysis.
We use unique 12-digit hydrological unit code level data from 12 U.S. states of the Mississippi
River Basin. We focus on nitrogen and phosphorus levels in surface water as our primary
pollution outcome variables of interest. Our preliminary results show that increases in water

pollution negatively affect establishment job creation and entry.

The remainder of this paper proceeds as follows. In the next section, we describe the water
quality data. Section 3 describes the business outcome data and linking process. Section 4
introduces the rural development and environmental policy to support rural water treatment
investment, the USDA Water and Environmental Program (WEP). Section 5 explains our
empirical approach, section 6 presents preliminary results for the effect of water quality on

business outcomes, and section 7 concludes.

2. Watershed Pollution Data

The primary data used for the paper include nitrogen, phosphorus, dissolved oxygen and fecal
sediment water pollution level readings collected by monitoring stations within HUC12
watershed areas for the twelve states of the Mississippi watershed basin.? We use these data to

explore water trends over time, and the effect of water quality on local business activity.

Water quality outcome data are sourced from the Water Quality Portal (WQP) of the National
Water Quality Monitoring Council, a cooperative service that consolidates data from the US
Geological Survey (USGS) National Water Information System (NWIS), Environmental Protection
Agency (EPA) STOrage and RETrieval (STORET) Data Warehouse, USDA Research Service
Sustaining The Earth’s Watersheds-Agricultural Research Database System (STEWARDS), and

hundreds of federal, state, local and tribal agencies and monitoring organizations. WQP

2 The twelve states are Louisiana, Mississippi, Arkansas, Tennessee, Missouri, Illinois, lowa, Wisconsin, Minnesota,
Kentucky, Indiana, and Ohio.



monitoring station latitude and longitude location data were geocoded to HUC12 watersheds

using ArcGIS software and USGS watershed shape files.

The data on nitrogen pollution levels are standardized and harmonized by Krasovich et al.
(2022) into the Standardized Nitrogen and Phosphorus Dataset (SNAPD), where measurements
(in mg/L) can be compared across time and space for the Mississippi/Atchafalaya River Basin.
The SNAPD project solved issues of the comparability of water quality data from nonpoint
source (NPS) water pollution monitoring, particularly challenging due to decentralized
agricultural production across expansive land regions, the diffuse transport of contaminants
into waterways, and the numerous authorities and institutions performing the monitoring. The
data standardize the units of measurement (e.g., mg/L or ppm), the chemical form of the
nutrient (e.g., nitrate or nitrogen), and sample fraction (e.g., filtered or unfiltered) variations in
sample reporting.? Where standardization was not possible because the necessary information
was not recoverable, observations were excluded from SNAPD such that the data are a subset

of the available water quality data in the WQP.

Figure 1 shows the average nitrogen concentration levels for all watersheds in the 12
Mississippi River Water Basin states from 2001 to 2018. Nitrogen concentration varies by up to
30 percent in any given year, around the mean of 1.07 mg/L. The first decade of this millennial
saw sustained water quality improvement for both nitrogen and phosphorus concentration
through 2010. Nitrogen water quality had a couple of bad years, with a 2004 peak driven by
watershed degradation in primarily lowa and lllinois, and a 2007 peak driven by lllinois (Mclsaac
et al., 2016). After 2010, phosphorus concentrations were volatile, yet settling down after 2015.
Nitrogen concentrations were reasonably steady from 2010 to 2015, at which point water

quality began to degrade through 2018.

3 See Krasovich et al. (2022) for details: https://www.nature.com/articles/s41597-022-01650-6
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There are 10,196 HUC12 watersheds in our data covering the 12 states of the Mississippi River
Water Basin. We explore water pollution outcomes before and after WEP investment for

treated watersheds.

3. Job creation, job destruction and business establishment entry and exit

Much attention in the literature has focused on housing values and population benefits of
water quality. In his paper we explore both the direct effects of pollution abatement policies on
rural water quality, as well as the potential effects over time of water quality on business
activity. Few prior studies focus on commercial activity. lhlanfeldt and Taylor (2004) investigate
the effect of hazardous waste sites on the market value of nearby commercial and

industrial properties. Yu and Zhang (2023) explore the effects of the China Black-and-Smelly
Water Program (BSWP) on business growth. Their paper differs from this one in two important
dimensions. We focus on business outcomes in rural areas where their focus is for businesses in
neighborhoods near treated waterways in the largest urban cities in China (e.g., Beijing,
Shanghai). Second, the BSWP government program funded waterway, embankment and area
revitalization improvement investments (recreation parks, etc.) where the estimated program

effects are unable to disentangle these various mechanisms due to the available data.

Our business outcomes are measured using Dunn & Bradstreet (D&B) data as captured in the
National Establishment Time-Series (NETS) dataset. These data include establishment level
measures of employment, date the establishment opened, producing industry (North American
Industry Classification System NAICS), and location. Latitude and longitude location data were

geocoded to HUC12 watersheds using ArcGIS software and USGS watershed shape files.

The establishment entry rate is the count of establishments born within the watershed during
the last year divided by the average of total establishments at t and t-1. The exit rate is defined
similarly for exiting establishments. NETS data are near universe in coverage because most
businesses are incented to register with D&B to receive a DUNS number in order to establish a

business credit record and register a company profile in the D&B Business Directory. DUNS
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numbers are used by lenders, grant funders and potential business partners to determine the
reliability and financial stability of companies. For example, U.S. federal contractors were
required to supply a DUNS number when bidding or applying to do business with the federal
government. In 2022 the U.S. General Services Administration (GSA) changed this, and DUNS
numbers are no longer required in the U.S. government System for Award Management (SAM)
and the Contractor Performance Assessment Reporting System (CPARS). However they are still
required by many state and local governments, as well as the European Union. Most companies
will register with D&B and request a DUNS number as part of establishing their business. As
such, the NETS data capture entry quite comprehensively. D&B uses the data for it’s business
information products, and makes substantial investments into maintaining the accuracy and
timeliness of the data. Many businesses also maintain a business profile with D&B, though not
all, where we anticipate some measurement error exists in the employment dynamics metrics

constructed for job creation and destruction used in this paper.

We define job creation as the difference in employment for growing establishments as a share
in relation to the average establishment employment in the current and prior period (Davis,
Haltiwanger and Schuh 1996). Averaging employment to calculate rates (Tornquist, Vartia and

Vartia 1985) is particularly useful for measures of establishment entry and exit.
]Cjt = Z Eit —Eit1
i€j, AE>0

For establishment i in location j and time t. Similarly, job destruction is

]Djt = z Eit1 — Eyt
i€j, AE<O0

The job creation rate for a location is job creation relative to location employment as calculated

by the sum of average establishment employment over a consecutive two-year period*

4 This approach is more flexible than simply using the average of location total employment across the two
periods. These measures can accommodate changes in classification, for example establishments that move, or
when using characteristic classes such as young vs. old where an establishment can cross a threshold from young
to old over a two-year period.



100 /C;,
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The measure is in percentage terms and ranges from zero to 200. The job destruction rate is

100 JDj,

JDR;, =
e i 0.5(Ei + Eir—q)

We expect municipalities in recreation and retirement destination counties as defined by the
USDA ERS County Typology Codes to benefit from local wastewater treatment investments and
water quality improvements through increases in retail and service establishment sales,
employment and new business entrants over time. Improved water treatment facilities may
also improve the attraction of locations to potential business entrants in manufacturing and

farming support, a relationship we will also explore.

4. USDA Rural Development Water and Environmental Programs (WEP)

The 1972 U.S. Clean Water Act (CWA) financed $650 billion in grants to municipal wastewater
treatment plants, transitioning to a revolving loan program in 1987 with the Water Quality Act
(WQA) and in 2014 the Water Infrastructure Finance and Innovation Act (WIFIA) provided
broader eligibility criteria for water infrastructure credit programs. The CWA was one of the
first modern U.S. environmental laws administered by the Environmental Protection Agency
(EPA) and has been widely influential. Keiser and Shapiro (2019) investigate the effect of CWA
grants to urban municipal wastewater treatment plants on water pollution concentrations and
find each grant decreases the probability that downriver areas violate standards for being

fishable by half a percentage point.

Less known than CWA and the focus of this paper are Water and Environmental Program (WEP)
grants and loans administered by the USDA Rural Development (RD) agency’s Rural Utility
Service (RUS). In a typical fiscal year, the USDA Rural Development (RD) agency provides about

$1.5 billion in loans and grants for water and waste infrastructure projects to rural communities



(RD 2023). The paper explores the effect of the USDA Water and Waste Disposal Loan and
Grant Program on water quality improvement as measured by using the dissolved oxygen
content in water bodies and how water quality improvement impacts local rural business entry
and employment growth. Between 2009 and 2016 RUS funded $13.9 billion for 5,825 projects
for the construction of water and waste facilities in rural communities (RD 2017). Through WEP,
rural communities with populations 10,000 or less obtain technical assistance and financing to
develop drinking water and waste disposal systems. Our data include 15,425 funded WEP
project investment locations across all fifty U.S. states from 2005 to 2019. Of these projects,
53% are for water treatment facilities, 35% for sewer system facilities, 5% a combination of
water and sewer, 1% solid waste facilities, 0.5 percent storm drainage systems, and 5% other.
We focus in this paper on the 5,344 sewer treatment projects and employ a triple-difference
research design that compares water pollution before versus after WEP investments occurred,
upstream versus downstream of recipient sewer treatment project, and against a comparison

group of rural municipal water treatment facilities that do not receive WEP loans or grants.

Data for funded loans and grants are provided by the USDA Rural Development, and include
information on the project, facility, loan obligation, grant obligation, other funding, total
project cost, location, date construction began, and date construction completed. The data are
linked to upstream and downstream water quality monitoring data sourced from the Water
Quality Portal (WQP) of the National Water Quality Monitoring Council, a cooperative service
that consolidates data from the US Geological Survey (USGS) National Water Information
System (NWIS), Environmental Protection Agency (EPA) STOrage and RETrieval (STORET) Data
Warehouse, USDA Research Service Sustaining The Earth’s Watersheds-Agricultural Research
Database System (STEWARDS), and hundreds of federal, state, local and tribal agencies and

monitoring organizations.

We explore the impact of USDA WEP investments on wastewater treatment and quantify the
magnitudes of water quality improvement as captured by WQP water monitoring station data.

We will further link Dunn and Bradstreet National Establishment Time-Series (NETS) data on



business establishment employment, sales and entry and exit dynamics to rural communities
with WEP wastewater treatment improvement grants and loans to investigate the extent to

which water infrastructure investments impact rural businesses.

Our plan is to geocode WEP investments to HUC12 watershed areas for analysis. We expect a
HUC12 watershed to be a reasonably good geographic unit of analysis, however will experiment
with this. WEP grants and loans are awarded for projects to rural areas with populations of
10,000 or less. As an example, USDA issued a press release in 2021 announcing “The village of
Baldwin, Wis., is receiving a $14.5 million loan and a $3.6 million grant to replace its
wastewater treatment plant, improving service for nearly 4,000 people.”> As shown in Figure 2,
Baldwin is the only municipality in the HUC12 watershed, however the rural geography of the
watershed is larger than the village. As a side note, counties or HUC8 watersheds would be far

too large a geographic unit for the analysis of this paper.

For this example watershed, there are twelve monitoring stations as shown in the figure on the
right (two are on top of each other on the Rush River in the middle of the figure). We have
precise latitude and longitudinal coordinates for water monitoring locations, WEP project
locations, and NETS establishments. For many cases we can follow Kaiser and Shapiro (2018) to
estimate upstream and downstream differences in water quality before and after project
completion. However, for many rural areas sufficient monitoring does not always exist to
support this empirical approach. As an alternative we will experiment with using rural place
geographies as the unit of analysis, as well as generating spatial measures for incrementally

increasing distances from treated waterways to analyze dissipation of effects on businesses.

5. Empirical Strategy

5 https://www.usda.gov/media/press-releases/2021/10/14/biden-harris-administration-invests-272-million-
improve-rural-water



We use a difference-in-differences model in a panel data setting to estimate the average
treatment effect on the treated (ATET) of a binary WEP funded wastewater improvement

project treatment on a continuous water pollution outcome. The linear model is given by

Yt =Vn + Ve + XpeB + Dpe + epy (1)

where h denotes the HUC12 watershed and t is the year. y;; is the outcome measured as
nitrogen or phosphorus levels in mg/L. X},; include watershed and economic covariates and
controls. Monitoring stations are located within watersheds, and the WEP treatment occurs at
a specific discharge point within the HUC12 watershed as captured by the indicator D;;, where
Dy = 1 for all observations that are subject to the WEP treatment in watershed h at time t.
We include HUC12 watershed fixed effects y;, and year time effects y,. The HUC12 fixed effects
accommodate unique time invariant features of the watershed location, in addition to

differences in the mix of local farms and industrial activity in the immediate area.

Identification will come from the implementation of improvements to wastewater treatment
facilities as a result of investment grants and loans to rural communities through the WEP
program. These improvements result in a discrete change in the point sources of municipal
wastewater discharges after the completion of construction, and are measured in readings

from monitoring stations over time.

We further estimate the effect of water quality improvements on local business activity within

the HUC12 watershed area as follows

Yt = Vo + Ve + XntB + €ne (2)

where as above h denotes the HUC12 watershed and t is the year. y;; is the outcome
measured as establishment entry, establishment exit, job creation, or job destruction. X,
includes time varying watershed and economic conditions such as population, income and
employment. X;; also includes interaction terms for pre- and post-treatment years with water

guality and other controls.
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We are in the process of fully linking the WEP data to upstream and downstream water
monitoring data, as well as experimenting with different control groups for comparison. We will
perform parallel trend tests for pre-treatment periods, and granger causality tests to

investigate the possibility of changes due to anticipation of treatment.

6. Results

The following results are presented for the relationship of business dynamism and water
guality. These are suggestive correlations without yet including other location controls or the
identification strategy as discussed above. We are currently working on these enhancements
for the paper.® As discussed above, we geocoded both water monitoring locations and business
establishment locations into HUC12 watershed geographies. The four tables that follow
estimate equation (2) for all HUC12 watersheds in the 12 states of the Mississippi River Basin.
Future versions of the paper will focus on WEP treated watersheds to better identify the effects

of water treatment investments on water quality and local business responses.

We find declining water quality has a negative and significant effect on local entrepreneurship.
In the OLS specification in column (1) of Table 1, a ten percent increase in nitrogen
concentration is associated with a decrease in establishment entry of seven tenths of a percent.
Column (3) includes watershed fixed effects to control for time invariant local features of the
area and economy. The response remains negative and significant, though the magnitude as
captured by year-to-year changes is smaller. Nevertheless, given the substantial fluctuations in
water quality as discussed above, the business response can be meaningful. Like the results for
nitrogen, in column (4) with watershed fixed effects a ten percent increase in phosphorus

pollutants is correlated with a tenth of a percent decline in new establishment entry.

In Table 2, OLS results in column (1) show an increase in nitrogen concentrations reduces

establishment exit. Note however that the response is approximately a half of that for entry.

5 We were using an older version of the WEP program data with incomplete location data that made GIS geocoding
of project locations into HUC12 watersheds difficult. The USDA Rural Development agency has kindly agreed to
provide a new data file for the project which we will receive shortly.
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Some degree of natural churn in business establishments is expected in the economy,
sometimes associated with a process of creative destruction. Thus, on net though fewer
establishments appear to exit, a greater number of potential entrants choose not to establish
their business. Introducing fixed effects in column (3) for nitrogen and (4) for phosphorus, we
see a positive relationship where year-to-year increases in pollution are associated with
increased establishment exit. These specifications do not as yet control for other potential
drivers of and shocks to entrepreneurship yet are suggestive of a connection between water

guality and business activity.

OLS results for job creation in Table 3 column (1) for nitrogen pollutants and column (2) for
phosphorus show expected negative correlations of water pollution and employment. The
magnitudes are modest however, and the coefficients in the fixed effects specifications in

columns (3) and (4) are insignificant.

In Table 4, paralleling the discussion above for entry and exit, the OLS results appear to show
increases in water pollution dampen job loss, however the coefficients are smaller than for job
gains where on net increased water pollution is correlated with softening employment. The
coefficient for phosphorus pollutants in column (4) shows a small positive relationship for

increased job destruction with declining water quality, though significant at only the 10% level.

7. Conclusions

This paper presented evidence of the effect of water quality on local business activity.
Preliminary results indicated that increases in water pollution negatively affect job creation
within businesses and entry of business in the local watershed area. These early results suggest
that good water quality is consistent with rural development and job growth. We are unable to
know if this relationship is causal without implementing our identification strategy. Though the
fixed effects results control for differences in the time-invariant differences across locations,
without including time-varying local controls, it is impossible to test the robustness of the

results.
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Figure 1: Nitrogen and phosphorus concentration by year
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Figure 2: HUC12 Watershed 070400010501, including Baldwin, WI
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Table 1: Establishment Entry

Dependent variable: (1) (2) (3) (4)
In(establishment entry rate) b/se b/se b/se b/se
Nitrogen concentration In(mg/L) -.0731%** -.0103**
(.0024) (.0034)
Phosphorus concentration
In(mg/L) -.0493%** -.0113**
(.0026) (.0038)
constant 2.08%** 1.96%** 2.07%** 2.05%**
(.01) (.01) (.01) (.01)
watershed fixed effects No No Yes Yes
year effects Yes Yes Yes Yes
adjusted R2 417 .406 .405 404
N 45,963 40,558 45,963 40,558
Table 2: Establishment Exit
Dependent variable: (1) (2) (3) (4)
In(establishment exit rate) b/se b/se b/se b/se
Nitrogen concentration In(mg/L) -.0295%** .0103**
(.0025) (.0038)
Phosphorus concentration
In(mg/L) -.0186*** .0178%**
(.0027) (.0042)
Constant 1.59%** 1.57%** 1.63%** 1.66%**
(.012) (.015) (.01) (.02)
watershed fixed effects No No Yes Yes
year effects Yes Yes Yes Yes
adjusted R2 .539 .534 484 485
N 42,925 38,099 42,925 38,099
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Table 3: Job Creation

Dependent variable: (1) (2) (3) (4)
In(job creation rate) b/se b/se b/se b/se
Nitrogen concentration In(mg/L) -.0120%*** -.00620
(.0021) (.00330)
Phosphorus concentration
In(mg/L) -.0243%** -.00693
(.0023) (.00370)
Constant 4.65%*** 4.60*** 4.66*** 4.66***
(.01) (.01) (.01) (.01)
watershed fixed effects No No Yes Yes
year effects Yes Yes Yes Yes
adjusted R2 11 119 -.0821 -.0610
N 47,951 42,619 47,951 42,619
Table 4: Job Destruction
Dependent variable: (1) (2) (3) (4)
In(job destruction rate) b/se b/se b/se b/se
Nitrogen concentration In(mg/L) -.00439* -.000723
(.00222) (.003529)
Phosphorus concentration
In(mg/L) -.00961*** .00913*
(.00237) (.00390)
constant 4.46*** 4.44*** 4.48%** 4 51%**
(.01) (.01) (.01) (.01)
watershed fixed effects No No Yes Yes
year effects Yes Yes Yes Yes
adjusted R2 .185 191 -.00576 .00966
N 46,470 41,308 46,470 41,308
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