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Abstract 

The Floridan Aquifer System (FAS) provides water to more than 1,000 artesian springs in 

Florida, forming the largest concentration of freshwater and first magnitude springs in the world 

(FDEP, 2018a; FSI, 2018; Rosenau et al., 1977; Scott et al., 2004). These springs and their 

contributing groundwater basins define the 42,000 square miles Florida Springs Region (FSR) in 

the north and central area of the peninsula and the panhandle in Florida (FSI, 2018). 

The FSR provides a broad spectrum of environmental services. The FAS is the source of 

90% of drinking water in the state; its springs offer critical habitats for plants and animals, 

provide recreational opportunities valuable for local citizens and the tourism sector and support 

agricultural production (Borisova et al., 2017; Donaldson, 2018; FDEP, 2019b; Knight, 2015). 

Given these broad economic and ecological benefits, two critical issues facing the FAS 

are declining spring flows, and excessive nutrient loads. Water levels declines occur as a result 

of agricultural and urban landscape irrigation practices, and higher nutrient concentrations may 

result from multiple practices including fertilizer use, leaking septic systems, and inadequate 

stormwater management (Borisova et al., 2017; FDEP, 2019b; FSI, 2018; Knight, 2015).  

This report looks at the relationships between agricultural production, groundwater 

withdrawals and simulated nitrogen application in the FSR to support current efforts to develop 

and adopt advanced Best Management Practices (BMPs) related to achieving success of the 

thirteen Outstanding Florida Springs (OFS) Basin Management Action Plans (BMAPs). The 

main theme of the report is the importance of water resources conservation for maintaining the 

spring’s ecosystem services, and the acknowledgement of the importance of agriculture 

production in the region. The study corresponds to an intermediate assessment using secondary 

data from official sources.  
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1. Introduction 

The Floridan Aquifer System (FAS) covers approximately 100,000 square miles in Florida, and 

reaches into other states of the Southeastern United States including: Georgia, Alabama, 

Mississippi, and South Carolina (USGS, n.d.-b). It is the source of 90% of drinking water in 

Florida (Borisova et al., 2017; Donaldson, 2018; FDEP, 2019b). The FAS provides water to 

more than 1,000 artesian springs in the state, forming the largest concentration of freshwater and 

first magnitude springs in the world (FDEP, 2018a; FSI, 2018; Rosenau et al., 1977; Scott et al., 

2004). The Florida springs are concentrated in an area that comprises 42,000 square miles, and 

includes 56 counties, forming the Florida Springs Region (FSR) (FSI, 2018). Thirty-three first 

magnitude springs – those having an average flow of 100 cubic feet per second or more – are 

present in the state (Borisova et al., 2017; Rosenau et al., 1977; Scott et al., 2004). In 2018, 

approximately 12.6 million people (61% of the total population in Florida in that year) lived in 

these counties (USCB, 2018). 

The FSR provides a broad spectrum of ecosystem services that directly and indirectly 

contribute to human wellbeing in a direct or an indirect way (Robert Costanza et al., 2017). 

Among the provisioning services, the FAS provides water for agricultural production. Florida is 

known as a specialty crop state. In 2017, crop production sales in Florida were estimated at 5,704 

million USD; out of which 3,166 million USD corresponded to sales in the FSR’s counties 

(USDA & NASS, 2017). Furthermore, in 2016, the FSR provided 852 Million Gallons per Day 

(MGD) of groundwater for crop production (Dieter et al., 2018; FDACS, 2018). In 2017, crop 

production sales in Florida were estimated at 5.7 billion USD; out of which 3.1 billion USD, or 

55.5%, corresponded to sales in the FSR’s counties (USDA & NASS, 2017). Among the 

regulation services, or those that provide benefits from the regulation of ecosystem processes 
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(Bates, et al., 2010), the springs are involved in water purification. The analysis of springs water 

quality reflects the extent and nature of groundwater pollution, providing indications of the 

health of the FSR’s groundwater resources (Donaldson, 2018). As part of the cultural services, 

the springs provide recreational opportunities valuable for the region’s economy (Borisova et al., 

2017; FDEP, 2019b). Different studies use different ecosystem valuation methods to analyze the 

economic importance of the springs-related tourism activity. The annual consumer spending and 

employment generation in Silver Springs, Ichetucknee Springs, and Wakulla Springs were 

estimated at 73.89 million USD and 1,060 jobs; 28.65 million USD and 311 jobs; and 28.02 

million USD and 347 jobs, respectively (Bonn 2004; Bonn and Bell 2003 in (Wynn et al., 

2018)). In addition, the total recreational value of Fanning Springs, Ichetucknee Springs, Blue 

Springs in Madison County, and Blue Springs in Gilchrist county was estimated at about 25 

million USD (Wu et al., 2018). Finally, in relation to the supporting services, the FSR offers 

critical habitats for unique plants and animals (Borisova et al., 2017; FDEP, 2019b). This is the 

case of the Florida manatee (Trichechus manatus latirostris), a tropical endemic species that 

follows a seasonal migration pattern to warm water sources – such as the artesian springs – 

during the winter to avoid the cold stress syndrome (A.-C. Allen et al., 2014). 

From an environmental standpoint, the FSR is confronted with the reduction of clear 

flowing groundwater availability and decreasing spring flows (Borisova et al., 2017; FDEP, 

2019b; FSI, 2018; Wu et al., 2018). Long-term groundwater declines are primarily the result of 

the increase of groundwater extractions for urban development and agriculture production 

(Borisova et al., 2017; FDEP, 2019a; FSI, 2018; Wu et al., 2018) and less on long term rainfall 

trends (FSI, 2018; Knight, 2015). Based on data from the USGS Water Data for the Nation 

database, in 2015 the groundwater withdrawal estimates for the FSR was 2,240 MGD used for 
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public supply (47%), crop irrigation (32%), domestic use (7%), industrial use (7%), mining 

(2%), golf court irrigation (2%), thermoelectric power (1%), livestock (1%), and aquaculture 

(1%). It is important to indicate that between 2000 and 2015, the water use proportion of public 

supply varied from 37% to 47% and the crop irrigation proportion varied from 44% to 32% 

(USGS, 2018). Year-to-year variations in spring flows, are typically the result of normal rainfall 

variation in the FSR with annual averages ranging from about 40 to 64 inches and a long term 

annual average of about 53 inches between 2000 and 2019 (NOAA, 2020).  

With the reduction of groundwater levels, the discharges from groundwater into streams 

decline, reverse, or stop completely, posing negative impacts for the aquatic ecosystems (de 

Graaf et al., 2019). This has been the case of Kissengen Spring in Polk County. This spring used 

to discharge up to 20 MGD into the Peace River. It provided water that enabled Native 

Americans to inhabit the area; later in the 1800s it became a resort destination and sanatorium; 

and during World War II it served as a resting place for military members near the base in 

Bartow (Polk County Historical Commission & Southeastern Geological Society, 2011). 

Nevertheless, in the 1950s, the spring dried as a result of groundwater capture (Polk County 

Historical Commission & Southeastern Geological Society, 2011). In relation to a recent event, 

in 2019, Nestlé Waters North America has requested an amendment of its water use permit to 

pump 1.1 MGD from the Ginnie Springs area for water bottling. Nestlé’s request for an 

amendment has raised concerns among different stakeholders including water advocates, local 

environmental groups, local citizens, students, and local representatives – (G. Allen, 2020; 

Kalman, 2019; Luscombe, 2019). These concerns included current issues with groundwater 

levels, the need to reduce groundwater pumping and to recover the aquifer, and the use of single 

use plastic bottles (G. Allen, 2020). 
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The FSR also faces issues resulting from excessive nutrient concentrations, particularly 

nitrate-nitrogen (NO3-N), which can lead to algal growth that affects native springs aquatic 

vegetation; reduction of aquatic oxygen levels; habitat degradation (Borisova et al., 2017; Eller 

& Katz, 2017; FDEP, 2019b; FSI, 2018); and the increase of human health exposure to pollutants 

(Eller & Katz, 2017). Different sources contribute to the concentration of nitrogen in the springs 

including atmospheric deposition, leaking septic systems, inadequate stormwater management, 

wastewater treatment facilities, overapplication of urban and sports turfgrass fertilizers, farm 

fertilizers, and livestock waste (Borisova et al., 2017; FDEP, 2018b, 2018a). Different 

biochemical processes and hydrogeological factors result in an environmental attenuation of 

nitrogen, followed by nitrogen in the form of nitrate loading into the aquifer (Eller & Katz, 2017; 

FDEP, 2018b). The Florida Department of Environmental Protection (FDEP) has developed the 

Nitrogen Source Inventory and Loading Tool (NSILT) which estimates the relative contributions 

of nitrogen loading into groundwater and different springs coming from different sources. In this 

sense, the contributions of farm fertilizers-related nitrogen load in different springs were 

estimated at approximately 2% in Volusia Blue Springs, 6% in Magnolia-Aripeka Springs, 11% 

in Silver Springs, 12% for Wakulla Springs, 12% in Kings Bay Springs, 17% in Weeki Wachee 

Spring, 18% in Rainbow Springs, 19% in Homosassa Springs, 24% in Chassahowitzka Springs, 

and 80% for Jackson Blue and Merrits Mill Pond (FDEP, 2018b). Similarly, another study 

identified 11% of the contributions from crop fertilizers in Kings Bay Springs, and 13% in 

Rainbow Springs (Eller & Katz, 2017). This enables an initial appreciation of the varied 

contributions to nitrogen loading that result from crop fertilizers. 

Within this context, water resources conservation becomes essential for the maintenance 

of the spring’s ecosystem services. At the same time, it is important to acknowledge the 
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importance of agriculture production for the economy of Florida. This report seeks to further the 

understanding of the relationship between agriculture production and water resources quality and 

quantity in the FSR, as a means to inform management and policy efforts for water resources 

conservation. 

The document is organized as follows. The introduction provides an overall 

understanding of the context. The literature review provides biophysical principles of 

groundwater, aquifers, and springs, and their corresponding ecosystem services. Then it explores 

generalities of the FAS and the FSR. Finally, it presents institutional arrangements and the policy 

framework governing the management of water resources, groundwater, and the springs in 

Florida, with a focus on agriculture production. The objectives’ section includes the general and 

specific objectives. The conceptual framework aims to situate the logic of the analysis and its 

contextual relevance. The methodology and analysis section provides a thorough explanation of 

the rationale behind the intermediate assessment of different official databases and the 

development of maps, as well as the main assumptions and information gaps that were present in 

the study. The results are organized based on each specific objective. This is followed by the 

utilization and discussion of the results section which aims to expand about the usefulness of the 

results. The cross-scale, cross discipline and policy considerations expands on the 

interdisciplinarity and multilevel approach of the report. The conclusions and recommendations 

provide suggestions for current and future water management approaches. 
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2. Literature review 

2.1. Groundwater and Aquifers 

The main source of replenishing groundwater is precipitation. It percolates and enters the soil’s 

porous surface (American Water Works Association, 2014). As a result of an initial infiltration 

process, in which the soil absorbs moisture, water occupies the void spaces of interconnected 

pores of geologic material below the land surface (American Water Works Association, 2014; 

USGS, n.d.-a). Initially, water enters the unsaturated zone, that has presence of water and air. 

This zone is divided in two, the soil zone in which plant growth occurs, and the intermediate 

zone. It is followed by the capillary fringe in which water molecules remain suspended against 

gravity. These three zones form the vadose zone. Different factors influence permeability, 

including: parent material, soil chemistry, climate, organisms living on and in the soil, 

topography, and time (American Water Works Association, 2014; USGS, n.d.-a). 

After water permeates the unsaturated zone, it reaches the saturated zone or aquifer. In 

this sense, aquifers are bodies of permeable rock that are able to hold or transmit water to wells 

and springs (American Water Works Association, 2014; USGS, n.d.-a). This zone is located 

under the water table, or the water level in which atmospheric pressure and hydraulic pressure 

are the same. Under it, the hydraulic pressure increases with depth (American Water Works 

Association, 2014; USGS, n.d.-a). Aquifers occur under two conditions: unconfined and 

confined. Unconfined aquifers are those near the earth’s surface and are unprotected. Their upper 

boundary is the water table; they are influenced by the atmospheric pressure; they are easily 

recharged by precipitation; and the wells that extract water from them are called water table 

wells (American Water Works Association, 2014; USGS, n.d.-e). On the other hand, when the 

porous rock layers in the saturated zone become tilted, they can create layers of relatively 
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impermeable materials above and below the porous layer, or confined beds, forming a confined 

aquifer (American Water Works Association, 2014; USGS, n.d.-e). When a well is drilled in an 

artesian aquifer, the internal pressure, or artesian pressure, enables water to move upwards 

without the help of a pump. The wells that extract water from these are called artesian wells 

(American Water Works Association, 2014; USGS, n.d.-e). The potentiometric surface is an 

imaginary surface to which water would rise in wells of a particular aquifer. In an unconfined 

aquifer this level is the water table, in a confined aquifer, it is the piezometric surface, or the 

static level of water in wells (Robins, 2020). 

Groundwater pumping can influence water levels below ground whenever withdrawals 

exceed replenishment rates. This can form a cone of depression, and can even lead to a drying up 

of the well and neighboring wells (American Water Works Association, 2014; USGS, n.d.-a) 

(Figure 1). 

Figure 1. The groundwater system and terminology 

 

Source: (Randolph, 2011). 
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2.2. Springs and springs’ magnitudes 

Springs are water resources that form when a body of flowing underground water at or below the 

water table finds an opening to the surface or another water body (St. Johns River Water 

Management District, 2020; USGS, n.d.-d). A springshed, or spring recharge basin, is an area 

within the groundwater basin that contributes to the discharge of a spring (St. Johns River Water 

Management District, 2020). 

Springs are classified depending on the average discharge of water. The classification in 

Table 1 is adapted from Meinzer (1927) (Scott et al., 2004). 

Table 1. Classification of springs according to their average flow 

Magnitude Average flow (discharge) Magnitude Average flow (discharge) 

1 

2 

3 

4 

100 cfs or more (64.6 mgd or more) 

10 to 100 cfs (6.46 to 64.6 mgd) 

1 to 10 cfs (0.646 to 6.46 mgd) 

100 gpm to 1 cfs (448 gpm) 

5 

6 

7 

8 

10 to 100 gpm 

1 to 10 gpm 

1 pint to 1 gpm 

Less than 1 pint/min 

Notes: cfs = cubic feet per second; mgd = million gallons per day; gpm = gallons per minute; 

pint/min = pints per minute 

Source: (Scott et al., 2004). 

 

2.3. Floridan Aquifer System 

Florida is composed by three major aquifer systems: the Floridan Aquifer System (FAS), the 

Intermediate Aquifer System (IAS), and the Surficial Aquifer System (SAS) (Southeastern 

Geological Society, 1986; Scott, 1992a in (Scott et al., 2004)). The FAS is Florida’s primary 

aquifer (Scott et al., 2004). It covers approximately 100,000 square miles in Florida, and reaches 

into other states of the Southeastern United States including: Georgia, Alabama, Mississippi, and 
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South Carolina (Figure 2) (USGS, n.d.-b). Geologically, the FSR is characterized by permeable 

carbonate sediments (limestone and dolomite) in the subsoil (Scott et al., 2004; USGS, n.d.-b). It 

thickens from 250 feet in Georgia to 3,000 feet in South Florida (USGS, n.d.-b). It is overlain by 

either a confining unit and the IAS can either overlay the FAS or the IAS’ confining unit (Scott 

et al., 2004). 

Figure 2. Map of the Floridan Aquifer System 

 

Source: (Williams & Kuniansky, 2015). 
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2.4. Florida Springs Region 

The geology of the FAS is composed by an abundance of porous rocks and cracks that enable 

groundwater to move easily. As a result, Florida concentrates a large amount of springs of 

different magnitudes (USGS, n.d.-d). There are two types of springs in the FAS: seeps and karst 

springs. Seeps occur when infiltrating water find layers of less permeability and needs to move 

laterally. Karst springs occur when groundwater discharges to the surface through karst openings 

(Scott et al., 2004; St. Johns River Water Management District, 2020). Most Florida springs are 

classified as karst (Scott et al., 2004). 

At least 33 first magnitude, 191 second magnitude, and 151 third magnitude springs can 

be found in Florida mostly in the northern and central areas of the peninsula, and the central 

panhandle (Scott et al., 2004). The FSR comprises 42,000 square miles and includes 56 counties 

along the Florida’s panhandle and the North and Central areas of Florida State (FSI, 2018).  

The Florida Water Management Districts (FWMD) are responsible for the regional 

administration of water resources in the state. These are the Northwest Florida Water 

Management District (NWFWD), the Suwannee River Water Management District (SRWMD), 

the St. Johns River Water Management District (SJRWMD), the Southwest Florida Water 

Management District (SWWMD), and the South Florida Water Management District (SFWMD) 

(FDEP, 2019c). Among them, the NWFWMD, SRWMD, SJRWMD, and SWWMD coincide 

with large concentrations of first, second, and third or greater magnitude springs. 

In addition, the Howard T. Odum Florida Springs Institute (FSI) divided the FSR in four 

Restoration Areas based on the inclusion of one or more major springs and their springsheds. 

These areas include the Panhandle Restoration Area, the Suwannee Restoration Area, the Gulf 

Coast Restoration Area, and the St. Johns Restoration Area (FSI, 2018) (Figure 3). 



12 

 

Figure 3. Florida Springs Region, Restoration Areas, and Water Management Districts 

 

Source: FDEP and FSI 

 

2.5. Ecosystem services 

Ecosystem services refer to the benefits ecosystems provide to people (R. Costanza et al., 1997; 

Robert Costanza et al., 2017; Millennium Ecosystem Assessment, 2005a). Based on the 

Millennium Ecosystem Assessment (MEA), and The Economics of Ecosystems and Biodiversity 

Project (TEEB), the four categories of ecosystem services include: 

- “Provisioning services combine with built, human, and social capital to produce food, fiber, 

timber or other provisioning benefits for human use” (Costanza et al., 2017: p5). Within 

pristine ecosystems, provisioning services are absent. 
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- “Cultural services combine with built, human, and social capital to produce recreation, 

scientific, sense of place, aesthetic, cultural identity, or other cultural benefits” (Costanza et 

al., 2017: p5). 

- “Supporting services or habitat services describe the basic ecosystem processes which 

include primary productivity, nutrient cycling, habitat provision, soil formation, and 

biogeochemistry. These contribute indirectly to human wellbeing” (Costanza et al., 2017: 

p6). 

- “Regulating services combine with the other three to produce flood control, water 

regulation, water purification, storm protection, air quality maintenance, human disease 

regulation, pollination, pest control, and climate control” (Costanza et al., 2017: p5). 

Over time, as societies become more urbanized and population grows, the land use 

intensity increases, and each of these ecosystem services become lower (Robert Costanza et al., 

2017; de Groot et al., 2010). 

 

2.6. Ecosystem services and groundwater 

Groundwater is one the most valuable environmental resources. Globally, approximately 30.1% 

of freshwater is terrestrial groundwater (Shiklomanov, I., 1993 in (USGS, n.d.-c)). In addition, 

groundwater contributes to 94% of available (liquid) freshwater (Griebler & Avramov, 2015). 

Groundwater provides a series of ecosystem services. The provisioning services include water 

for drinking, irrigation, industrial services, mining, agriculture production, energy production, 

and genetic resources. Groundwater is a major source of drinking water in the world (Griebler & 

Avramov, 2015). It provides drinking water for almost 50% of the global population (OECD, 

2017). Globally, 30% of water for irrigation, and 40% of water used in industry comes from 
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groundwater (Griebler & Avramov, 2015; Millennium Ecosystem Assessment, 2005b). In 2015, 

Florida’s freshwater extraction was 5,690 MGD, and 3,580 MGD (63%) corresponded to 

groundwater withdrawal. The uses corresponded to public supply (more than 53.5%); irrigation 

(32.12%); industrial (5.06%); domestic (4.94%); mining (2.49%); thermoelectric power (0.78%); 

livestock (0.72%); and aquaculture (less than 0.36%) (Dieter et al., 2018). 

In relation to cultural services, groundwater enables tourism, recreation activities, 

spiritual practices, and aesthetics (Griebler & Avramov, 2015). Artifacts from early inhabitants 

can be found in Florida springs (Scott et al., 2004). In addition, activities such as swimming, 

snorkeling, diving, canoeing, animal watching are common in the FSR. 

Among the supporting services, groundwater releases water that is necessary for 

terrestrial and aquatic ecosystems and their biodiversity. In addition, it provides habitats and 

refuge for different species; and it supports food webs, and enables nutrient cycling (Griebler & 

Avramov, 2015). Different biochemical processes help attenuate – impede or remove – nitrogen 

movement from the land surface into the FAS. These processes, which are part of the nitrogen 

cycle, include nitrogen fixation, mineralization, nitrification, denitrification, volatilization, and 

cation exchange (Eller & Katz, 2017). In addition, hydrogeological factors also support this role. 

These factors include the rate of recharge, soil composition, soil drainage, and hydrogeologic 

characteristics (Eller & Katz, 2017).  

Finally, in terms of the regulating services, groundwater systems enable the purification 

of water, water storage with good quality for long periods of time (decades and even centuries), 

in situ biodegradation, the elimination of pathogenic microorganisms, drought and flood 

attenuation, erosion control, regulation of the water cycle, and maintenance of hydraulic 

conductivity (Griebler & Avramov, 2015). 
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2.7. Point and nonpoint sources of water pollution 

Point sources (PS) of pollution are single and identifiable sources of pollution such as pipes or 

drains. Nonpoint sources (NPS) of pollution have broad impacts but cannot be attributed to a 

single source (EPA Victoria, 2018). NPS pollution is often associated with broad categories of 

land use (e.g. agriculture, urban lawns) which are associated with run-off and can lead to soil 

erosion and reduction in water quality (Table 2) (EPA Victoria, 2018). 

Table 2. Crop production’s major nonpoint sources, consequences and controls 

Practice  Result  Consequence  Control 

Soil 

disturbance 

→ Erosion & 

sedimentation 

→ 

 

 

 

Smother bottom-

feeding or benthic 

organisms 

Transports other 

pollutants 

→ 

→ 

→ 

→ 

→ 

Conservation tillage 

Contour cropping 

Filter strips 

Detention ponds 

Wind breaks 

Excessive 

fertilizer use 

→ Nutrient 

pollution 

→ 

 

Algal growth 

Eutrophication 

→ Input management 

Excessive 

pesticide use 

→ Toxic 

pollution 

→ Accumulation in 

food chain 

→ 

→ 

Input management 

Integrated pest control 

Excessive 

irrigation 

→ Increased 

runoff 

→ Increased transport 

of pollutants 

→ Drip irrigation 

Source: (Randolph, 2011) (extract). 

 

2.8. Nitrogen pollution and the springs in the FSR 

Nitrate-nitrogen (NO3-N) pollution in water resources is one kind of non-point pollutant that 

causes accelerated eutrophication, or the enrichment of the waters (OSU, 2012), and have caused 

the degradation of aquifers and their springs (Nolan and Stone, 2000; Kingsbury, 2008; Obeidat 

et al., 2008; Siliang et al., 2010). 

There are different point and nonpoint sources of nitrogen pollution associated with the 

springs in Florida. The NISLT was developed by the FDEP to “to identify and quantify the major 
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contributing nitrogen sources to groundwater in areas of interest” (FDEP, 2018b). Among the 

sources of nitrogen, it includes atmospheric deposition, wastewater treatment facilities effluents, 

failing septic systems, urban fertilizers, crop fertilizers, and livestock operations. In addition, 

there are different biochemical processes and hydrogeological factors that take place in the 

unsaturated zone that help attenuate the nitrogen load into the saturated zone (Eller & Katz, 

2017) . For the purposes of this project, the focus is on the application of nitrogen at the land 

surface level (Figure 4). 

Figure 4. NSILT Components 

 

Source: (Eller & Katz, 2017). 

 

2.9. Theory of Collective Action: Water as common pool resources 

From an economic sense, water resources are characterized as common pool resources. As such, 

they are non-excludable in provision – anyone can access them – but rivalrous in consumption – 

once someone has access to them, they are not available for other uses (Letson, 2002 in (Wynn et 

al., 2018)). As such, water is susceptible to the “Tragedy of the Commons”. This theory depicts 

that the “laissez-faire” perspective where individuals seek their own gain, disregarding common 
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loss, has a negative implication in the way commons are managed (Hardin, 1968). In other 

words, there is a divergence between private interests – which tend to overutilize the resources – 

and collective interests – which would be interested in conserving water for other uses, including 

non-consumptive ones (Maldonado, 2017). In response, not just individual’s decisions, but 

institutions are essential for the management of common resources (Ostrom, 2000). 

Communication, collaboration, creation of organization and water use associations, and the 

implementation of internal rules that help assign water resources efficiently, can favor more 

optimum outcomes from a social standpoint (Maldonado, 2017).  Several principles for social 

norms for the management of the commons have been developed. These include: i) “the 

presence of clear boundary rules and definition of who has the right to use the resource”; ii) 

“local rules-in-use allow to effectively assign costs proportionate to benefits”; iii) “the users of 

the resource design their own rules”; iv) “the rules are enforced by local people who are 

accountable to the rest”; and v) “a set of graduated sanctions” (Ostrom, 2000, p13:15). 

 

2.10. Water resources and springs-related environmental legislation 

Drawing on the implications of the above-mentioned theories, the Floridan Aquifer water 

resources could become a Tragedy of the Commons if their management and use is left to 

individual’s decision-making. Several Federal and State regulations aim to set standards to 

protect water quality and quantity for surface and groundwater resources in the United States. 

2.10.1. Clean Water Act 

The federal Clean Water Act (CWA) was created in 1972, and amended in 1977 and 1987. It 

provides the policy and regulatory framework for the management of water quality in the US. It 

sets forth a national goal of achieving a level of quality in all waters to support recreation and 
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fish consumption: this standard is referred to as “fishable” and “swimmable” (Randolph, 2011). 

In addition, it also aims to eliminate the discharge of pollutants into water bodies. For this, it has 

created the National Pollutant Elimination System (NPDES), through which permits are granted 

as a means to control discharges (EPA, 2019). To define this threshold, the CWA and its 

administering agency – the US EPA – called on the states to establish water quality standards for 

their water bodies, monitor compliance, and manage pollutant discharges to meet these standards 

(Randolph, 2011). 

Given the importance and the diffuse nature of runoff pollution, the original Act’s section 

208 and the 1987 amendment’s section 319, includes a planning, funding, and largely voluntary 

implementation program for primarily agricultural nonpoint sources (Randolph, 2011). 

The Total Maximum Daily Load (TMDL) – a science-based pollution reduction goal 

(Donaldson, 2019a) – refers to a process to determine discharge limits of each violated pollutant 

that could be discharged into a water body and still attain the Water Quality Standard. TMDLs 

are allocated to various sources, including industrial and municipal dischargers, human-caused 

nonpoint sources load allocations, and natural NPS. The Watershed Implementation Plans are a 

tool to implement the TMDLs (Randolph, 2011). 

2.10.2. Florida Water Resources Act 

In 1972, the Florida Water Resources Act (FWRA) gave rise to the creation of regional water 

management districts1 and have established systems for allocating water permits for consumptive 

use based on a series of criteria aimed to ensure that the use is reasonable, beneficial, and 

 
1 FWRA enabled the creation of the Northwest, Suwannee River, and Saint Jones River WMDs. The SFWMD and 

the SWFWMD were created statutorily to address flooding and water shortage problems (Borisova et al., 2017; 

Levin College of Law, 1972). 
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coherent with legislation and the public interest (Purdum, 2002).  This act is a combination of 

prior appropriation and riparian laws2, in which the water resources belong to the State and are 

not owned by anyone else; it provides consumptive use permits; and establishes minimum flow 

levels, and conservation areas (Purdum, 2002). 

In relation to the springs’ protection, the FWMDs have identified thirty three first 

magnitude Outstanding Florida Springs for which they have developed Basin Management 

Action Plans and determined Total Maximum Daily Loads to limit nutrient pollution and support 

spring´s restoration (Borisova et al., 2017; Levin College of Law, 1972). 

2.10.3. Florida Springs and Aquifer Protection Act 

In 2016, Florida’s legislation identified 30 OFS that require additional protection for their 

conservation and restauration. These protections are represented in the Basin Management 

Action Plans (BMAPs) which are focused on reducing nitrogen pollution that impacts the water 

quality of these springs (Donaldson, 2019c, 2019a). These plans are designed to achieve a Total 

Maximum Daily Load (TMDL) (Donaldson, 2019a). Through them, local governments are 

required to enact ordinances to regulate the residential use of fertilizers and the agricultural 

operations. In the second case, agricultural operations in areas where BMAPs have been adopted, 

require to implement Best Management Practices (BMPs) which cover water quality and water 

conservation strategies (Donaldson, 2019b). 

 
2 The prior appropriation doctrine establishes priorities among competitive users. Under this doctrine, earlier settlers 

have greater rights to water use. Riparian water rights are the benefits associated with the use of water for owners of 

land bordering on or adjacent to bodies of water (Kaplowitz, 2019). 
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2.10.4. Florida Statutes 

The Florida State requires each Water Management District to determine Minimum Flows for 

each surface water in the area and Minimum Water Levels of groundwater in the aquifer and the 

level at surface water. For this, t the FWMDs identify water levels under which withdrawals 

could threat the water resource or the ecological characteristics of the area. Similarly, the 

FWMDs need to identify a minimum water level in the groundwater under which further 

withdrawals could pose a threat to the water resource. Based on the identified minimum flows 

and minimum levels, the FWMDs evaluate and provide permits for consumptive use of water 

aiming to ensure that the use is reasonable and beneficial (Purdum, 2002; 2016 Florida Statutes, 

n.d.).  
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3. Objectives 

General objective: 

- Assess agricultural production and water resources to support current efforts to develop and 

adopt advanced Best Management Practices (BMPs) related to achieving success of the 

thirteen Outstanding Florida Springs (OFS) Basin Management Action Plans (BMAPs) in the 

Florida Springs Region. 

Specific objectives: 

- Analyze the economic importance of various crop types in the Florida Springs Region. 

- Analyze these crops' relationship with nitrogen application and groundwater withdrawals. 

- Analyze international trade statistics to understand export and import patterns among 

Florida’s specialty crops. 
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4. Conceptual framework 

The conceptual framework provides a visualization of the human and environmental dimensions 

of the Florida Springs Region (Figure 5). It aims to present the scope of the current research. At 

the same time, it shows the complexity of the use of the groundwater resources in the Florida 

Springs Region, as these provide different ecosystem services; are used by different actors and 

for different purposes, and these uses are related with different types of impacts. These represent 

the series of trade-offs that take place in water resources management. 

Figure 5. Agricultural production and the Florida Springs Region: Conceptual framework 

 

The Florida Springs Region provides a diverse set of ecosystem services, including water, 

for agriculture production. Several Federal and State institutions and regulations have been 

established to address different aspects related to the use and quality of water resources. In 
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relation to surface and groundwater extraction, the Water Management Districts are in charge of 

establishing Minimum Flows and Minimum Water Levels. In relation to the control of nonpoint 

source pollutants, specifically nitrogen leaching, the Federal regulation requires the 

establishment of TMDLs in order to put in place protective measures for water resources. Within 

this policy framework, crop production operations in the FSR would extract water mostly from 

the aquifer. Over-pumping of the aquifer can lead to reductions in the groundwater flow, and 

impair current and future availability, as well as critical habitats. Another important impact 

comes from the application of fertilizers, which can result in nitrates leaching into the soil and 

the contamination of groundwater. Other important impacts of agricultural production on the 

economic components correspond to the generation of employment and income, and the 

possibility of exporting production. Imports are also part of the economic sphere of agricultural 

production in Florida, which may not directly affect the springs for the purpose of this 

framework. 
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5. Methodology and analysis 

5.1. Variable operability and analytical categories 

The methodological design is based on the research objectives. It indicates the different variables 

that are being assessed and their real definition. The operational definition disaggregates the 

variable into sub-variables that will help inform the analyses, and the measurement is the unit of 

measure used for each sub-variable (Table 3). 

Table 3. Methodological design 

Variable Real definition Operational definition Measurement 

Crop sales Crop sales produced in 

each county of the FSR 

1. Crop sales per NAICS group  

2. Crop sales per county 

1. USD 

2. USD 

Water 

withdrawals 

Groundwater and surface 

water withdrawal for 

agriculture production in 

each county of the FSR 

1. Surface water withdrawn 

2. Groundwater withdrawn 

1. MGD 

2. MGD 

Nitrogen 

application 

Nitrogen applied as 

fertilizer for crop 

production in each county 

of the FSR 

1. Nitrogen recommendations 

as fertilizer on crops 

1. Pounds 

(Lbs) 

Crop imports Crop imports from foreign 

countries to Florida 

1. Crop imports per NAICS 

group 

1. USD 

Crop exports Crop exports from Florida 

to foreign countries 

1. Crop exports per NAICS 

group 

1. USD 

FSR: Florida Springs Region; USD: United States Dollars; MGD: Million Gallons per Day. 

 

5.2. Instruments 

A series of databases were searched, systematized, and used in order to inform each the 

objectives of the study. The criteria to use these databases included: origin by official sources for 

validity and reliability, which included governmental agencies and academia sources; updated 

information; and homogenization of the data according to the North American Industry 
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Classification System (NAICS) for crop production3. In this sense, the main databases used for 

the study are presented in Table 4. 

Table 4. Databases 

Module Objective Databases 

Crop 

production 

To analyze the 

economic importance of 

various crop types in the 

Florida Springs Region. 

- 2017 Census of Agriculture (COA) 

Water 

consumption 

To analyze crops' 

relationship with 

groundwater 

withdrawals. 

- USGS Estimated Use of Water in the United States 

County-Level Data for 2015 (Dieter et al., 2018). 

- FDACS Florida Statewide Agricultural Irrigation 

Demand Online 2016-2040: Agricultural acreage 

and water demand projections (FDACS, 2018). 

- FDACS Florida Statewide Agricultural Irrigation 

Demand Geodatabase (FDACS, 2019). 

Nitrogen 

application 

To analyze crops' 

relationship with 

recommended nitrogen 

application. 

- Recommended nitrogen applications for Florida's 

crops (Literature review). 

- FDACS Florida Statewide Agricultural Irrigation 

Demand Geodatabase (FDACS, 2019). 

Crop 

imports and 

exports 

To analyze crop’s 

import and export 

statistics. 

- The United States International Trade (US Census 

Bureau, 2019). 

 

These databases were organized in a master database and divided in modules to address 

each objective. The master database contains information for all 67 counties in Florida, where 56 

counties are considered to be "In the Florida Springs Region (FSR)", and 11 counties are "Out of 

the FSR". 

 

 
3 The North American Industry Classification System (NAICS) classifies crop production in i) Oilseed and Grain 

Farming, ii) Vegetable and Melon Farming, iii) Fruit and Tree Nut Farming, iv) Greenhouse, Nursery, and 

Floriculture Production, and v) Other Crop Farming (United States Census Bureau, 2017). 



26 

 

5.3. Data analysis 

The data analysis was based on a quantitative assessment of the different databases in order to 

provide information regarding each variable. 

The analysis of the economic importance of various crop types in the FSR, specifically 

crop sales, was based on the COA database. In order to do so, the data was aggregated at state, 

county, and FSR-located county level to estimate total crop sales for each county, NAICS group, 

and NAICS group and county for 2017. This information was later processed in ArcGIS to 

prepare maps indicating the distribution of crop sales per NAICS group, and the county ranking 

of crop sales in the FSR. An important aspect to consider while reviewing the database and the 

analysis is that the original database contains withheld information to avoid disclosing data for 

individual operations, which explains why some graphs indicate unavailable information. 

The analysis of crops’ relationship with groundwater withdrawals was based on the 

USGS and the two FDACS databases indicated in Table 4. First, the USGS data enabled to 

estimate groundwater and surface water withdrawal used for crop production in each county in 

Florida in 2015. These estimates enabled to obtain percentages for surface and groundwater 

extraction that were later applied to obtain estimates for 2016 using the FDACS databases 

(Appendix 1). The justification for combining both databases and using percentages instead of 

the actual estimates is twofold. First, the USGS 2015 estimates for total withdrawals for crop 

production in Florida was 2,249 MGD, whereas the FDACS estimates for total water use in 2016 

ranged between 2,067 MGD to 2,171 MGD. The differences would indicate a decrease in water 

consumption from 2015 to 2016 between 8% to 3.5%, respectively. Second, the FDACS 

geodatabase for 2016 provides information regarding the use of water for each crop group, but it 

doesn’t indicate the sources of water (groundwater or surface water), which the USGS does. 
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Based on both observations, the assumption is that the percentages of water sources at a county 

level for crop production was relatively stable between both years. These percentages enabled to 

obtain estimates which were aggregated at state, county, and FSR-located county level to 

estimate total groundwater withdrawal for each county, crops group, and crops group and county 

for 2017. This information was later processed in ArcGIS to prepare maps indicating the 

distribution of groundwater withdrawal per crops group, and the county ranking of groundwater 

withdrawal in the FSR. In relation to nitrogen application, this variable can only serve as a proxy 

for nitrogen leaching into the groundwater system. Nevertheless, it is important to accompany 

these results with data from the field to identify how much nitrogen is actually being applied, 

how much is being absorbed by the plants, and how much infiltrates into the soil and ultimately 

into the springs. During the study, it has not been possible to find complete information that 

would enable aggregate this type of data for all the counties in Florida. In this sense, this section 

was based on a literature review of nitrogen application recommendations for different crops to 

obtain pound per acre estimates. It is important to consider that these estimates may vary based 

on the phenological period of the plants, the type and structure of the soils, and the limiting 

capacity of other nutrients, among others. These are locally dependent variables. In this sense, 

different means were estimated for different crops (Appendix 2). In addition, it is assumed that 

farmers would be applying fertilizers close to the mean quantities. This data needs to be 

validated in the field. Within this scope, this data was combined with the acreage per crop data 

provided in the FDACS Geodatabase to obtain aggregated data at state, county, and FSR-located 

county level to estimate total nitrogen application for each county, crops group, and crops group 

and county for 2017. This information was later processed in ArcGIS to prepare maps simulating 

the distribution of nitrogen application per crops group, and the county ranking of groundwater 
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withdrawal in the FSR. An important consideration is that not all the nitrogen being applied 

would leach into groundwater system as there are different attenuation processes that need to be 

evaluated. 

The analysis of international trade was based on the US International Trade database. The 

data was aggregated to identify estimated of crop imports from foreign countries into the state of 

Florida, and exports to foreign countries from Florida in 2018 per NAICS groups. 
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6. Results 

6.1. Agriculture economic importance 

According to the COA, in 2017, crop production sales in Florida were valued at approximately 

5,704 million USD; where approximately 3,166 million USD belonged to the Florida Springs 

Region (FSR)  (Table 5). Total crop sales in Hillsborough, Manatee, Polk, Orange, and Lake 

added to approximately 1,393 million USD (Appendix 3). The maximum sales value for an 

individual county was approximately 410 million USD which belonged to Hillsborough (Figure 

6). 

Table 5. Crop Production Sales in Florida in 2017 (USD) 

NAICS Group Florida Counties  

In the FSR 

Counties  

Out of the FSR 

(D) 

Greenhouse, Nursery, 

and Floriculture 

2,276,207,000   1,208,220,000  1,022,762,000  45,225,000  

Fruit and Tree Nut 1,298,656,000  985,650,000  46,636,000  66,370,000  

Vegetable and Melon 1,284,110,000  600,461,000  622,752,000  60,897,000  

Other Crop 797,395,000  247,850,000  507,846,000  41,699,000  

Oilseed and Grain 48,165,000   31,655,000    11,401,000  5,109,000  

(D)                      -     92,201,000  326,870,000    

Total Sales (USD) 5,704,533,000  3,166,037,000  2,538,267,000   229,000  

Source: (USDA & NASS, 2017) 

Note: (D) or data withheld to avoid disclosing data for individual operations in the original 

database can explain the gaps when adding each column. 
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Figure 6. Crop sales in the Florida Springs Region in 2017 (USD) 

 

Source: (USDA & NASS, 2017) 

 

6.2. Water withdrawal for crop production 

Based on the USGS, it was possible to estimate the reliance on surface and groundwater for crop 

production in all the counties in 2015. In this sense, the proportion of water withdrawal for 

irrigation for crop production from groundwater and surface water in the FSR was 88% and 12%, 

respectively out of 808 MGD. In terms of reliance on groundwater, counties like Bay, Bradford, 

Columbia, Dixie, Gulf, Liberty, Nassau, Okaloosa, Santa Rosa, Seminole, Taylor, Union, 

Wakulla, and Walton would have relied entirely in groundwater resources, while in counties like 

Gadsden and Clay the reliance were estimated at less than 20% (Appendix 1). 
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According to the FDACS, in 2016 total water withdrawal used for irrigation of crop 

production in Florida was 2,067 MGD, where approximately 967 MGD were used in the Florida 

Springs Region (FSR). Based on the reliance percentages for 2015, it was possible to obtain 

estimates of groundwater and surface water use for each NAICS group in 2017 (Table 6). 

Table 6. Water Withdrawal in Florida in 2016 (estimates in MGD) 

Crop group Florida Counties  

in the FSR 

Counties  

out of the FSR 

GW SW GW SW GW SW 

Citrus 376.20  133.25  310.28       58.35       65.92       74.90  

Vegetables (fresh market) 227.24  97.06     143.14       17.26       84.10       79.80  

Field crops 135.64  2.73     132.84         2.08         2.80         0.65  

Greenhouse and Nursery 115.38  38.39       84.57       13.70       30.81       24.70  

Sugarcane 73.83  592.64         5.31         1.13       68.51     591.51  

Hay 71.84  50.17       60.67       13.41       11.17       36.76  

Fruits (non-citrus) 62.60  4.48       51.95         3.02       10.65         1.46  

Sod 34.64  14.55       32.42         5.33         2.22         9.22  

Potatoes 33.19  3.01       31.15         0.82         2.04         2.19  

Total 1,130.55    936.29    852.34    115.11    278.21    821.18  

Total water withdrawal 

(MGD) 

2,066.84 967.45 1,099.39 

Sources: Estimates based on data from (FDACS, 2019; USDA & NASS, 2017) 

Considering the percentages of groundwater extraction from USGS, and the data on crop 

production from FDACS, groundwater extraction was estimated at approximately 852 MGD in 

the FSR. The counties with the most groundwater withdrawal in the FSR were Highlands, Polk, 

DeSoto, Manatee, and Hardee, with an additional consumption  of approximately 371 MGD 

(Appendix 4). The maximum groundwater withdrawal for an individual county was 

approximately 89 MGD (Highlands) (Figure 7). 
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Figure 7. Total groundwater withdrawal for crop production in the FSR in 2016 (MGD) 

 

Source: Estimates based on data from (Dieter et al., 2018; FDACS, 2019) 

Based on the classification used by the FDACS for crop production, groundwater withdrawals in 

2016 in the FSR can be organized as follows: 

- Citrus production had the greatest water consumption, corresponding to approximately 369 

MGD, out of which 310 MGD would have corresponded to groundwater withdrawal 

(GWW). Polk, DeSoto, Highlands, Hardee, and Indian River’s GWW added to 243 MGD. 

The maximum county value for GWW for citrus production was 68 MGD (Polk). 

In terms of the Florida springs, most groundwater withdrawal for citrus production was 

located at the south of the FSR where some springs of 3rd or greater magnitude can be found. 
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The Lake, Marion, Hernando, and Volusia counties which are located in the central area of 

the FSR have an important concentration of 1st, 2nd, and 3rd and greater magnitude springs. 

- Vegetables (fresh market) production’s water consumption was approximately 160 MGD, 

out of which 143 MGD would have corresponded to GWW. Manatee, Hillsborough, DeSoto, 

St. Johns, and Levy’s GWW added to approximately 83 MGD. The maximum value for 

GWW for an individual county was approximately 50 MGD (Manatee). 

In terms of the Florida springs, most groundwater withdrawal for vegetables (fresh market) 

production was located at the south of the FSR where some springs of 2nd, 3rd or greater 

magnitude can be found. Levy, St. Johns, Suwannee, and Hamilton are located in the central 

area of the FSR, which have an important concentration of 1st, 2nd, and 3rd and greater 

magnitude springs. 

- Field crops production’s water consumption was approximately 135 MGD, of which 

approximately 133 MGD would have corresponded to GWW. Suwannee, Madison, Jackson, 

Levy, and Gilchrist’s GWW added to approximately 83 MGD. The maximum value for 

GWW for an individual county was approximately 19 MGD (Suwannee). 

In terms of the Florida springs, most groundwater withdrawal for field crops production was 

located in the central area and the Florida’s panhandle, which have an important 

concentration of 1st, 2nd, and 3rd and greater magnitude springs. 

- Greenhouse and Nursery production’s water consumption was approximately 98 MGD, of 

which approximately 85 MGD would have corresponded to GWW. Volusia, Lake, Putnam, 

Highlands, and Hillsborough’s GWW added to approximately 43 MGD. The maximum value 

for GWW for an individual county was approximately 17 MGD (Volusia). 
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In terms of the Florida springs, most groundwater withdrawal for greenhouse and nursery 

production was located in the central and southern areas of the FSR. The central area has an 

important concentration of 1st, 2nd, and 3rd and greater magnitude springs; and the southern 

area has some springs of 2nd, 3rd or greater magnitude. 

- Hay production’s water withdrawal was approximately 74 MGD, of which approximately 61 

MGD would have corresponded to GWW. Highlands, Okeechobee, Brevard, Osceola, and 

Suwannee’s GWW added to 36 MGD. The maximum value for GWW for an individual 

county was approximately 15 MGD (Highlands). 

In terms of the Florida springs, most groundwater withdrawal for hay production was located 

in the south of the FSR, where some 3rd and greater magnitude springs can be found. 

Suwannee county has an important concentration of 1st, 2nd, and 3rd and greater magnitude 

springs. 

- Fruits (non-citrus) production’s water withdrawal was approximately 55 MGD, of which 

approximately 52 MGD would have corresponded to GWW. Hillsborough, Polk, Hardee, 

Alachua, and Manatee’s GWW added to approximately 43 MGD. The maximum value for 

GWW for an individual county was 28 MGD (Hillsborough). 

In terms of the Florida springs, most groundwater withdrawal for fruits (non-citrus) 

production was located in the southern and central area of the FSR. The southern are has 

presence of some 2nd and 3rd and greater magnitude springs. The central area has an 

important concentration of 1st, 2nd, and 3rd and greater magnitude springs. 

- Sod production’s water withdrawal was approximately 38 MGD, of which approximately 32 

MGD would have corresponded to GWW. Highlands, Osceola, Polk, Flagler, and Brevard’s 
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GWW added to approximately 17 MGD. The maximum value for GWW for an individual 

county was approximately 6 MGD (Highlands). 

In terms of the Florida springs, most groundwater withdrawal for sod production was located 

in the southern and eastern area of the FSR, where some 1st, 2nd, and 3rd and greater 

magnitude springs are located. 

- Potato production’s water withdrawal was approximately 32 MGD, of which approximately 

31 MGD would have corresponded to GWW. St. Johns, Putnam, Flagler, Osceola, and 

Manatee’s GWW added to approximately 29 MGD. The maximum value for an individual 

county was approximately 15 MGD (St. Johns). 

In terms of the Florida springs, most groundwater withdrawal for potato production occurred 

in St. Johns, where some 2nd magnitude springs can be found. 

 

6.3. Nitrogen application 

The data analysis section provides an explanation of the different assumptions used to create the 

database to estimate nitrogen application. Nitrogen application refers to a simulation of the 

nitrogen inputs to land surface through crop fertilization. The simulation was based on a 

bibliographical research on recommendations of nitrogen application (Appendix 2), and 

compared with the crops acreage estimated in the FDACS database for 2016. It is assumed that 

producers would be applying those recommendations. In-situ exploration, as well as the 

corresponding analysis of the attenuation processes and the phenological period of the plants are 

needed to understand the concentrations of nitrogen loading into the soil. 
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Based on the FDACS, in 2016, the total crop production acreage in Florida was 

approximately 2 million acres4, out of which approximately 1.1 million acres were located in the 

FSR. Highlands, Polk, DeSoto, Hardee, and Suwannee had the largest acreage (392 thousand 

acres). Citrus, hay, and field crops’ production acreage corresponded to 88% of the total crop 

area in the FSR. In this sense, Nitrogen application in 2016 in Florida5 was estimated at 

approximately 250 million pounds; where approximately 158 million pounds were estimated to 

be applied in the FSR (Table 7). 

Table 7. Nitrogen Application in Florida in 2016 (estimates in Lbs) 

Crop Group Florida Counties in the FSR Counties out of the FSR 

Citrus            86,840,786  62,485,214  24,355,572  

Hay 63,515,840  54,910,983  8,604,857  

Field Crops 27,168,055 25,206,012  1,962,043  

Potatoes 5,429,841  4,763,340  666,501  

Sod 4,665,682  3,688,914  976,768  

Greenhouse, nursery 5,555,559  3,424,108  2,131,451  

Fruits (non-citrus) 3,591,594  3,021,456  570,138  

Sugarcane 52,729,135  452,209  52,276,926  

Total (Lbs) 249,496,492  157,952,236  91,544,256  

Source: Estimates based on data from (FDACS, 2019; Hochmuth & Hanlon, 2000; Morgan et al., 

2019; Mylavarapu et al., 2015; Shaddox, 2016) 

 

 
4 In 2017, the COA estimates for agricultural acreage was 2.8 million acres. Nevertheless, at a county level, some 

information was withheld to avoid disclosing information about individual operations. For the analysis on nitrogen 

application, data from the FDACS for 2016 was used. 

5 Nitrogen application rates estimates in Florida were based on the FDACS crop production acreage in 2016, and on 

fertilizer recommendations found in the literature mainly developed by the UF Institute of Food and Agriculture 

Sciences (UF/IFAS) and information gathered by FDACS for some Basin Management Action Plans. 



37 

 

The counties with the most nitrogen application were estimated to be Highlands, Polk, DeSoto, 

Hardee, and Suwannee (approximately 56 million pounds) (Appendix 5). The maximum nitrogen 

application value for an individual county was approximately 15 million pounds (Highlands) 

(Figure 8). 

Figure 8. Total N-App for crop production in the FSR in 2016 (Lbs) 

 

Source: Estimates based on data from (FDACS, 2019; Hochmuth & Hanlon, 2000; Morgan et al., 

2019; Mylavarapu et al., 2015; Shaddox, 2016) 

 

Based on the classification used by the FDACS for crop production, nitrogen application in 2016 

in the FSR can be organized as follows: 

- Citrus production would have had the greatest nitrogen application (N-App), corresponding 

to approximately 62 million pounds. For Polk, DeSoto, Highlands, Hardee, and Indian River 
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N-App it was approximately 47 million pounds. The maximum value for an individual 

county was approximately 12 million pounds (Polk). 

In terms of the Florida springs, most N-App for citrus production was located at the south of 

the FSR, with some 3rd or greater magnitude springs. 

- Hay production’s N-App would have corresponded to approximately 55 million pounds. For 

Suwannee, Alachua, Holmes, Walton, and Jackson’s N-App it was approximately 21 million 

pounds. The maximum value for an individual county was approximately 5 million pounds 

(Suwannee). 

In terms of the Florida springs, most N-App for hay production was located at the FSR 

central area, and the Florida’s panhandle. Both areas have an important concentration of 1st, 

2nd, and 3rd magnitude springs. 

- Field Crops production’s N-App would have corresponded to approximately 25 million 

pounds. For Jackson, Suwannee, Gilchrist, Madison, and Okeechobee’s N-App it was 

approximately 11 million pounds. The maximum value for an individual county was 

approximately 2 million pounds (Jackson). 

In terms of the Florida springs, most N-App for field crops production was located at the 

central area of the FSR, which has an important concentration of 1st, 2nd, and 3rd and greater 

magnitude springs. 

- Potato production’s N-App would have corresponded to approximately 5 million pounds. For 

St. Johns, Putnam, Flagler, Osceola, and Manatee’s N-App it was approximately 4 million 

pounds. The maximum value for an individual county was approximately 2 million pounds 

(St. Johns). 
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In terms of the Florida springs, most N-Ap4p for potato production was located in the 

central-eastern area of the FSR, where some 2nd and 3rd and greater magnitude springs are 

located. 

- Sod production’s N-App were estimated at approximately 4 million pounds. Highlands, 

Osceola, Polk, Flagler, and Okeechobee’s N-App added to approximately 2 million pounds. 

The maximum value for an individual county was approximately 717 thousand pounds 

(Highlands). 

In terms of the Florida springs, most N-App for sod production was located at the south of 

the FSR, where some 3rd and greater magnitude springs are located. 

- Greenhouse and nursery production’s N-App were estimated at approximately 3 million 

pounds. Volusia, Highlands, Lake, Putnam, and St. Lucie’s N-App added to approximately 

1.6 million pounds. The maximum value for an individual county was approximately 593 

thousand million pounds (Volusia). 

In terms of the Florida springs, most N-App for greenhouse and nursery production was 

located at the central-eastern area of the FSR, where several 1st, 2nd, and 3rd and greater 

magnitude springs are located. 

- Fruits (non-citrus) production’s N-App were estimated at approximately 3 million pounds. 

Hillsborough, Alachua, Manatee, Polk, and Hardee’s N-App added to approximately 2.6 

million pounds. The maximum value for an individual county was approximately 1.7 million 

pounds (Hillsborough). 

In terms of the Florida springs, most N-App for fruits (non-citrus) production was located at the 

south of the FSR, in an area with several 2nd and 3rd and greater magnitude springs. 
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6.4. Crop exports 

According to the USCB, in 2018, Florida’s exports of crop production were valued at 

approximately 771 million USD. The main country of destination was Canada (455 million 

USD) (Figure 9). 

The main countries of destination can be organized as follows: i) Vegetables and Melons  

– Canada (79%); ii) Fruits and Tree Nuts – Canada (55%); iii) Mushrooms, Nursery and Related 

Products – Canada (51%); iv) Other Agricultural Products – Italy (24%); and v) Oilseeds and 

Grains – Haiti (40%). 

Figure 9. Crop exports from Florida in 2018 (USD) 

 

Source: (USCB, 2018) 
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6.5. Crop imports 

According to the USCB, in 2018, Florida’s imports of crop production were valued at 

approximately 3,562 million USD. The main countries of origin were Guatemala (921 million 

USD), Colombia (860 million USD), Costa Rica (580 million USD), Mexico (542 million USD), 

and Peru (375 million USD) (Figure 10). 

The main countries of origin and crops include: i) Fruits and Tree Nuts – Guatemala (574 

million USD); ii) Mushrooms, Nursery and Related Products  – Colombia (679 million USD); 

iii) Vegetables and Melons  – Guatemala (311 million USD); iv) Other Agricultural Products – 

Canada (23 million USD); and Oilseed and Grains –  Costa Rica (12 million USD). 

Figure 10. Crop imports to Florida in 2018 (USD) 

 

Source: (USCB, 2018) 
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6.6. Balance of trade 

In 2018, Florida’s imports of crop production were valued at 3,562 million USD, and Florida’s 

exports of crop production were valued at 771 million USD. As a result, the Balance of Trade 

(BoT) of crop production was -2,791 million USD. Although there is a negative BoT, which 

suggests a trade deficit, it would be important to analyze internal trade as well to understand 

even further the economic impact of crops’ trade.   
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7. Utilization and discussion of results 

As an intermediate assessment, this project identified area along the Florida Springs Region that 

require careful attention regarding groundwater withdrawal and nitrogen application in terms of 

crop production. An area of importance would be the Suwannee Restoration area, in which there 

is a large concentration of first, second and greater magnitude springs, and in which the results of 

the analysis suggest large activities regarding groundwater extraction and nitrogen application. In 

relation to the BMAPs, it has also been possible to identify that those that are still pending, also 

correspond to the Suwannee Restoration Area. Given their importance regarding the protection 

of Outstanding Florida Springs, it is necessary to continue with the adoption of these BMAPs 

(Figure 11). 

Figure 11. Florida TMDLs and BMAPs 

 

Source: (Morrow, 2020) 

In relation to the information regarding nitrogen application, the simulation provides an 

overview of what could have been applied in 2016 at a regional scale. Still, there is a need for the 

improvement of the database to be able to develop time series analysis and monitor the evolution 

of nitrogen application in the Florida Springs Region. The NSILT aims to provide information 

on this matter, particularly on the relative contribution of nitrogen from different sources. These 
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efforts would still need to continue in the future, and analyze the possibility of expanding the 

areas of analysis. 

In relation to the trade of crop production between countries, it is important to understand 

the trade as well within states. Understanding virtual water trades can also provide indications of 

the transport of water between countries and states, and lead to the understanding of how the 

production outputs relate to other economies, societies, and environments. 
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8. Cross-scale, cross discipline and policy considerations 

8.1. Top down management perspectives 

In relation to top-down management perspectives for water resources conservation, the United 

Nations Sustainable Development Goal (SDG) 6 aims to “Ensure availability and sustainable 

management of water and sanitation for all” (UN, 2015). This goal includes all the dimensions 

of the water cycle – the social, economic, and environmental aspects, and its interrelationship 

with other SDGs, such as food, energy security, and biodiversity (UNEP-DHI Centre, 2020). 

Among its targets, SDG 6.3 and 6.4 aim to improve water quality by reducing pollution, and to 

increase water use efficiency, respectively (UN, 2015). As a means of implementation, the SDG 

6 includes of its targets, target 6.5 which aims “by 2030, implement integrated water resources 

management (IWRM) at all levels, including through transboundary cooperation as 

appropriate” (UN, 2015). This target focuses on understanding the needs of the different users 

and uses of water resources; and the laws, institutions and water governance mechanisms, in 

which institutions have a nested hierarchy of multi-level governance in which the role of national 

and local institutions play an important role in water resources management. In the process of the 

IWRM requires: i) that interested parties to participate in the planning and implementation 

process, ii) that the implementation process includes both, planning and monitoring, iii) the 

introduction of the subsidiarity component with the emphasis on the lowest-level institutional 

scale for decision-making, iv) the characterization of the economic value of water use and 

identify its efficiency, and v) a triple-bottom assessment of the use of water resources can 

provide an understanding of the equity of its use.  (Benson et al., 2019; UNEP-DHI Centre, 

2020). 
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Another top-down perspective is the European Water Policy (EWP) and the creation of 

the European Union Water Framework Directive (EUWFD) in the mid-1995. The EWP main 

objectives are to “get polluted water clean again, and ensure that clean water are kept clean” 

(European Commission, 2019: p1). In relation to groundwater resources, the EUFWD’s efforts 

aim to avoid any type of pollution. Only some issues such as nitrates, pesticides, and biocides 

include standards at the European level (European Commission, 2019: p1). As for other uses, the 

EWP takes a precautionary approach which prohibits direct discharges, and requires monitoring 

of groundwater bodies to take actions to prevent anthropogenic upward pollution trends. In the 

case of groundwater levels, the principle is that only a portion of the recharge that is not needed 

by the ecology can be abstracted. The EUWFD approach has created different interagency 

directives to address specific regional issues. These included the Dangerous Substances 

Directive, the Urban Waste Water Directive, Nitrates Directive, Drinking Water Directive, the 

Plant Protection Products Directive, the Biocides Directive, the Integrated Pollution Prevention 

and Control Directive, the Landfill Directive, the Waste Framework Directive, and the Industrial 

Emissions Directive, among others (European Commission, 2019: p1). 

Within the scope of the FSR, both perspectives relate directly to the objectives of this 

project in terms of the conservation of water quality and quantity, and the need for improvement 

practices in the agricultural sector to support these objectives. Currently, the FWMDs have the 

essential role of managing water resources based on the hydrogeological characteristics of the 

state and are supported by key institutions such as the FDEP and the FDACS. An IWRM 

approach would require a regional vision of water resources management that takes a holistic 

approach to having overall objectives at a regional level aimed to achieve a good status of water 

resources for all waters by a set deadline. Considering the EWP framework, in relation to 
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groundwater quality, the TMDLs would need to move towards a precautionary approach. In 

relation to groundwater levels, although the MFMLs consider ecological needs, when 

considering future population growth and the increase of water demands this entails, and climate 

change, future science-based modelling approaches will need to introduce such demands to 

direct the MFMLs. Within this approach, the collaboration and coordination among the different 

stakeholders is required for water protection and sustainable use. These actors include FWMD, 

the FDEP, the FDACS, the different sectors that are consumptive and non-consumptive users of 

water resources, and those that require water for sustaining life (refer to Figure 5). The creation 

of regional Directives could serve ensure full coordination of the regional goals of an IWRM, as 

long as the institutional framework avoids higher layers of bureaucracy, but improves 

coordination. The economic analysis of water use can enable the discussion around the cost-

effectiveness of the measures that can be considered in the region, and it needs to include the 

values of the ecosystem services as well. Finally, adequate water pricing can help conserve 

adequate supplies of the resource. Such analysis would need to consider political ecology 

considerations as well in order to define the characteristics of the instruments that could be 

implemented. 

 

8.2. Bottom up management perspectives 

Throughout the document, it has been possible to see that crop production poses a series of 

social, economic and environmental impacts. However, the current implementation of regulation 

tools of water withdrawal and the adoption of Best Management Practices in agriculture may be 

lagging regarding the actual changes of lowering water flows and the increased levels of nitrogen 

that ultimately affect spring and river’s health that are product of different uses. 
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Within this context, from a bottom-up management perspective, in order to continue 

working towards a sustainable use of water resources and springs conservation in the Florida 

Springs Region, it is important to build an agriculture and springs conservation communication 

strategy that aims to help address this conundrum and move towards agro-environmental 

behaviors by generating a local multi-stakeholder space, or several of them in different locations 

around the FSR, for dialogue about Florida springs topics that enables to build a collaborative 

and cooperative road map for springs conservation efforts. An example of such kind of space 

could be the Santa Fe Springs Protection Forum, in which different stakeholders participate to 

attend presentations on the springs in the Santa Fe river, and discuss on these. 

The vision of this strategy is to provide a transformative space for springs conservation. 

Initially, a stakeholder analysis would provide a comprehensive and exhaustive understanding of 

the different stakeholders who participate in different spheres associated with the springs. Once 

this identification phase is completed, a series of workshops would follow to promote a safe 

space of face-to-face communication; sharing of perspectives and experiences related with the 

springs; understanding the environmental and farmer’s needs and priorities; understanding the 

limitations for adoption of BMPs and identification of strategies to address these; education; and 

peer-to-peer sharing of technologies. This requires the continuous support of the extension 

services to understand and support the adoption of best management practices. This type of space 

could provide the opportunity for the development of a road map for springs conservation at the 

local level, that in combination with other local efforts could potentiate practices at larger scales.  
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9. Conclusions and recommendations 

From this project, it is possible to appreciate the complexity of the interactions between 

agricultural production and groundwater resources and springs conservation. As an intermediate 

assessment, the document identifies physical areas that require attention. Overall, the areas in 

which it has been possible to identify higher levels of groundwater extraction coincide with those 

in which there would be high applications of nitrogen-based fertilizers. One of such areas is the 

Suwannee county and its neighboring counties, in which there is a large concentration of first, 

second, and third and greater magnitude springs, as well as large levels of groundwater 

withdrawal and a concentration of nitrogen application that could be affecting water resources in 

the area.  

The main limitations in the analysis has been the identification of the amount of nitrogen 

application into the groundwater system resulting from agricultural activities. Quantifying how 

much nitrogen reaching groundwater is due to agricultural activities requires other analytical 

methods different from the ones used in the current study. In addition, other considerations 

include the need for more frequent data collection, GPS and remote monitoring; and 

incorporation of private and public sources of data (ex. The Nitrogen Source Inventory and 

Loading Tool and the Blue Water Audit). Although there are some studies that model such 

impact, these are limited to specific locations. In the future, the results of the analysis need to be 

accompanied by further in situ research carried out over broader areas. 

In order to address some of the impacts on the springs, further advanced assessment on 

different parameters of the springs, as well as the identification of the impact of non-point 

sources of pollution into the Floridan aquifer and strategies to address these is needed. Timing, 

funding, alignment of laws and regulations, and the integration of research will be key 
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components of efforts to mitigate negative impacts on the springs. In terms of communication 

efforts, in order to disseminate knowledge and promote the adoption of best practices, 

identification and work with stakeholders closer to the agricultural sector would be needed. 

Finally, the study also brings management perspectives that include the use of an IWRM 

approach at a regional level for a holistic and integrated approach for water resources 

conservation, as well as a communication strategy at the local level to improve the adoption of 

best management practices and expand the knowledge of these practices at local levels. 
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Appendices 

Appendix 1. Surface and groundwater extraction for crop production in Florida (MGD 

and percentages) 

County In 

FSR  Total  Percentage  Groundwater Percentage 

Surface 

Water Percentage 

Alachua        14.83        100.00              14.81        99.87  0.02              0.13  

Baker          0.35        100.00                0.29        82.86  0.06            17.14  

Bay          1.54        100.00                1.54      100.00  0.00                 -    

Bradford          1.40        100.00                1.40      100.00  0.00                 -    

Brevard        32.82        100.00              30.35        92.47  2.47              7.53  

Calhoun          2.85        100.00                2.71        95.09  0.14              4.91  

Citrus          1.63        100.00                1.61        98.77  0.02              1.23  

Clay          0.94        100.00                0.18        19.15  0.76            80.85  

Columbia          1.85        100.00                1.85      100.00  0.00                 -    

DeSoto        41.26        100.00              41.01        99.39  0.25              0.61  

Dixie          4.09        100.00                4.09      100.00  0.00                 -    

Duval          1.71        100.00                0.71        41.52  1.00            58.48  

Flagler        11.46        100.00              11.19        97.64  0.27              2.36  

Franklin             -                  -                      -      0.00   

Gadsden          6.65        100.00                1.29        19.40  5.36            80.60  

Gilchrist        12.02        100.00              12.01        99.92  0.01              0.08  

Gulf          0.05        100.00                0.05      100.00  0.00                 -    

Hamilton        18.25        100.00              18.24        99.95  0.01              0.05  

Hardee        32.51        100.00              32.20        99.05  0.31              0.95  

Hernando          2.11        100.00                2.08        98.58  0.03              1.42  

Highlands        81.41        100.00              67.12        82.45  14.29            17.55  

Hillsborough        45.70        100.00              43.27        94.68  2.43              5.32  

Holmes          0.60        100.00                0.59        98.33  0.01              1.67  

Indian River        39.90        100.00              20.51        51.40  19.39            48.60  

Jackson        24.52        100.00              24.44        99.67  0.08              0.33  

Jefferson          4.07        100.00                3.83        94.10  0.24              5.90  

Lafayette          7.10        100.00                7.08        99.72  0.02              0.28  

Lake        30.25        100.00              27.58        91.17  2.67              8.83  

Leon          0.86        100.00                0.82        95.35  0.04              4.65  

Levy        15.29        100.00              15.25        99.74  0.04              0.26  

Liberty          0.06        100.00                0.06      100.00  0.00                 -    

Madison        13.39        100.00              13.38        99.93  0.01              0.07  
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Manatee        53.49        100.00              52.64        98.41  0.85              1.59  

Marion          9.91        100.00                9.56        96.47  0.35              3.53  

Nassau          0.03        100.00                0.03      100.00  0.00                 -    

Okaloosa          0.36        100.00                0.36      100.00  0.00                 -    

Okeechobee        11.47        100.00                9.36        81.60  2.11            18.40  

Orange          8.74        100.00                7.40        84.67  1.34            15.33  

Osceola        13.36        100.00              10.82        80.99  2.54            19.01  

Pasco          7.50        100.00                7.36        98.13  0.14              1.87  

Pinellas          0.74        100.00                0.39        52.70  0.35            47.30  

Polk        86.10        100.00              79.12        91.89  6.98              8.11  

Putnam        20.80        100.00              20.75        99.76  0.05              0.24  

Santa Rosa          0.96        100.00                0.96      100.00  0.00                 -    

Sarasota          6.77        100.00                6.30        93.06  0.47              6.94  

Seminole          2.73        100.00                2.73      100.00  0.00                 -    

St. Johns        37.56        100.00              37.41        99.60  0.15              0.40  

St. Lucie        41.75        100.00              14.01        33.56  27.74            66.44  

Sumter          5.26        100.00                5.16        98.10  0.10              1.90  

Suwannee        27.98        100.00              27.89        99.68  0.09              0.32  

Taylor             -                  -                      -      0.00   

Union          1.14        100.00                1.14      100.00  0.00                 -    

Volusia        18.13        100.00              16.27        89.74  1.86            10.26  

Wakulla          0.32        100.00                0.32      100.00  0.00                 -    

Walton          0.41        100.00                0.41      100.00  0.00                 -    

Washington          0.61        100.00                0.59        96.72  0.02              3.28  

TOTAL      807.59        100.00            712.52        88.23              95.07             11.77  

County Out 

FSR Total Percentage Groundwater Percentage 

Surface 

Water Percentage 

Broward        37.56        100.00              11.20  29.82 26.36            70.18  

Charlotte        13.05        100.00                7.38  56.55 5.67            43.45  

Collier      127.06        100.00            106.02  83.44 21.04            16.56  

Escambia          1.91        100.00                1.91  100.00 0.00                 -    

Glades      121.01        100.00                8.57  7.08 112.44            92.92  

Hendry      379.14        100.00            122.45  32.30 256.69            67.70  

Lee        48.67        100.00              27.61  56.73 21.06            43.27  

Martin      104.87        100.00                9.34  8.91 95.53            91.09  

Miami-Dade        35.82        100.00              32.79  91.54 3.03              8.46  

Monroe          0.01        100.00                0.01  100.00 0.00                 -    

Palm Beach      572.13        100.00              26.74  4.67 545.39            95.33  

TOTAL   1,441.23        100.00            354.02  24.56 1087.21            75.44  

Source: (Dieter et al., 2018)  
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Appendix 2. Nitrogen application recommendations (in pounds per acre) 

N-Application Average SD N-Application Average SD 

Asparagus Fern 80 0 Eggplant, Strawberries 150 0 

Aspidistra 90 0 Fern 80 0 

Avocados 90 0 Field Crops 114 28 

Blackberries 80 0 Field Nursery 90 0 

Blueberries 65 15 Field Corn 250 0 

Broccoli, Potatoes, Sorghum 174 33 Field Crops 114 28 

Cabbage, Potatoes 174 33 Field Peas 60 0 

Cabbage, Potatoes, Sorghum 174 33 Grains 110 0 

Caladium 90 0 Grapes 65 15 

Carambola 90 0 Green Beans, Potatoes 174 33 

Carrots, Peanuts 349 116 Green Beans, Strawberries 150 0 

Carrots, Potatoes 174 33 

Green cover crop, Potatoes, 

Sorghum 174 33 

Chestnuts 90 0 Greenhouse Nursery 90 0 

Citrus 153 24 Greens, Potatoes, Sorghum 174 33 

Container Nursery 90 0 Hay 187 93 

Coontie Fern 80 0 Hay, Improved Pastures 187 93 

Corn 250 0 Hay, Oats 230 0 

Corn, Cotton 235 34 Hay, Potatoes 174 33 

Corn, Oats 250 0 Herbs 90 0 

Corn, Pasture 235 34 Improved Pastures 56 35 

Corn, Peanuts 235 34 Leatherleaf 80 0 

Corn, Potatoes 174 33 Lemons 188 66 

Corn, Rye 250 0 Ligustrum 90 0 

Corn, Small Grains 235 34 Liriope 90 0 

Corn, Strawberries 150 0 Magnolia Trees 90 0 

Corn, Wheat 235 34 Mangos 90 0 

Corn, Silage 235 34 Melons, Peas, Strawberries 175 0 

Cotton 62 51 Melons, Strawberries 175 0 

Cotton, Oats 62 51 Millet 165 0 

Cotton, Peanuts 62 51 Millet, Rye 165 0 

Cotton, Rye 62 51 Mixed Crops 150 0 

Cotton, Wheat 62 51 

Mustard greens, Potatoes, 

Sorghum 174 33 

Cucumber, Potatoes, 

Sorghum 174 33 Non-Alfalfa, Other Hay 187 93 

Cucumbers Fall Strawberries 150 0 Nursery 90 0 

Cucumbers Spring, 

Strawberries 150 0 Oats 90 14 

Dry Beans, Strawberries 150 0 Oats, Peanuts 90 14 
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N-Application Avg SD N-Application Avg SD 

Onions, Strawberries 150 0 Sod 84 40 

Ornamentals 87 8 Sorghum 150 0 

Other Groves 90 0 Soybeans 36 28 

Pasture 80 0 Specialty Farms 90 0 

Pasture, Peanuts 22 21 Squash, Strawberries 150 0 

Pasture, Potatoes 174 33 Strawberries 150 0 

Pasture, Rye 110 0 Strawberries, Tomatoes 150 0 

Peaches 90 0 Strawberries, Tomatoes Fall 150 0 

Peanuts 22 21 

Strawberries, Tomatoes 

Spring 150 0 

Peanuts, Rye 50 0 Strawberries, Zucchini 150 0 

Peanuts, Soybeans 22 21 Sugarcane 90 0 

Peanuts, Wheat 22 21 Tobacco 80 0 

PeanutsSpring 22 21 Tree Nurseries 90 0 

Peas, Strawberries 150 0 Other Hay, Non-Alfalfa 187 93 

Pecans 88 4 Palm Trees 90 0 

Peppers, Strawberries 150 0 Papaya 90 0 

Peppers Fall, Strawberries 150 0 Tropical Fruit 90 0 

Peppers Spring, Strawberries 150 0 Turf 84 40 

Pittosporum 90 0 Wheat 80 0 

Potatoes 174 33       

Potatoes, Sorghum 174 33       

Potatoes, Watermelon 174 33       

Potatoes, Watermelon 174 33       

Rye 100 0       

Rye 93 13       

Small Grains 110 0       

Small Veg, Strawberries 150 0       

Small Veg Fall, Strawberries 150 0       

Small Veg Spring, 

Strawberries 150 0       

Small Veg Sum, Strawberries 150 0       

Sources: Estimates based on data from (Hochmuth & Hanlon, 2000; Morgan et al., 2019; Mylavarapu et 

al., 2015; Shaddox, 2016). 
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Appendix 3. Top 20 counties in the Florida Springs Region with the most crop sales in 2017 

 

Source: (USDA & NASS, 2017)  
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Appendix 4. Top 20 counties in the Florida Springs Region with the most groundwater 

withdrawal for crop production in 2016  

 

Source: Estimates based on data from (Dieter et al., 2018; FDACS, 2019) 
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Appendix 5. Top 20 counties with the most nitrogen application for crop production in the 

Florida Springs Region in 2016 

 

Sources: Estimates based on data from (FDACS, 2019; Hochmuth & Hanlon, 2000; Morgan et 

al., 2019; Mylavarapu et al., 2015; Shaddox, 2016) 


