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Value of Using Irrigation Water in South Florida Agriculture 

 

Preliminary Findings: 

 From years 2000 to 2010, there has been 

significant economic loss (penalty) incurred 

from changes associated with surface and 

ground water usage in cropland of the 

Lower East Coast (LEC) and Upper East 

Coast (UEC) regions of the South Florida 

Water Management District (SFWMD). 

 

 If there is a shortage of surface water, the 

preliminary research findings reveal that the 

Kissimmee Basin (KB) will experience the 

highest penalty, or approximately $2,300 of 

economic loss per one million gallons per 

day (MGD), among the four regions in the 

SFWMD cropland. These results indicate 

that if surface water is available in other 

regions, trading surface water to the KB 

from other regions is profitable for the entire 

SFWMD. 

 

 Based on the research results, trading water 

from the northern Glades to southern Orange 

county is the efficient way to allocate water 

in order to minimize the economic loss in 

the KB. The penalty imposed to northern 

Glades county is about $300 per one MGD 

of irrigation water reduction, while the 

penalty is $2.98 million for the same amount 

of water reduction in southern Orange 

county. 

 

 Trading water from Palm Beach County to 

Broward County or Miami-Dade County is 

the most efficient way to allocate water in 

the LEC. The penalty for reduction of water 

usage in Palm Beach is about $200 per one 

MGD, on the other hand the penalties 

imposed to Broward County and Miami-

Dade County are $1.4 million and $10,000, 

for the reduction of the same amount of 

water, respectively.  

 

Introduction: 

Irrigation water is an important resource used for 

agricultural production. The Florida Department of 

Environmental Protection conveyed that traditional 

sources of fresh groundwater would have difficulty 

meeting all of the additional demands by 2030 

(FLDEP, 2013 and SFWMD, 2012). The state of 

Florida produces approximately 65% of the U.S. 

oranges and 40% of the world’s orange juice 

(FDACS, 2014). Sugarcane production in Florida is 

ranked number one in the nation (USDA, 2012). 

Shortage of water will impose significant damage to 

the rural and agriculture economy in Florida, which 

leads to higher prices and costs for consumers to 

purchase citrus or other agriculture products 

produced in Florida. 

Figure 1: SFWMD Map and the Area Number1 

 

                                                           
1 The original map is from the Regional County Acres, SFWMD, 

Aug. 21, 2013.  
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The present research study assesses the influence of 

irrigation water usage on the economic loss (penalty) 

for the South Florida cropland. Our research team 

focuses on cropland in the South Florida Water 

Management District (SFWMD), where 78% of the 

total value of farm products sold is comprised of 

cropland products. The majority of Florida citrus and 

sugarcane are produced in this area, and agricultural 

irrigation was the largest water use sector in 2010, 

followed by public water supply (FLDEP 2013). 

Changes in irrigation water use for agriculture 

production affect the economy in the district. This 

fact sheet highlights the economically efficient ways 

to allocate irrigation water, by comparing the 

penalties (economic loss), in the SFWMD regions. 

Table 1: The Regions and Areas in the SFWMD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
2 % County Area is the percentage of the area out of the total 
county area. 

SFWMD Regions: 

The SFWMD is currently divided into four regions 

(SFWMD, 2013):    

 1. Kissimmee Basin (KB);  

 2. Lower East Cost (LEC);  

 3. Lower West Coast (LWC); and  

 4. Upper East Cost (UEC).  

Each region contains several areas, with a total of 21 

areas for the entire SFWMD
3
. Each area is numbered 

(AREA NO, as indicated in Table 1), and the area 

numbers are shown on the map in Fig. 1.  

In the four regions, the total value of crop product 

sold and the number of employment are decreasing 

from 2000 to 2010.  The use of surface and ground 

water is also decreasing significantly in the KB, LEC, 

and UEC regions, as more farmers shifted irrigation 

from surface to ground water on cropland (see Table 

2). 

Table 2: Cropland in SFWMD Regions4 

 

                                                           
3 Areas 11 and 18 in Monroe County are not included in this study. 

 
4
 CROP VALUE (CV) is adjusted by PPI cropland product in the 

year of 2010 (PPI 2010=100). PPI cropland product (PPI C) is 
estimated from PPI agricultural product 

(http://www.bls.gov/ppi/ppiover.htm). CV is compiled from the 

BEBR Florida Statistical Abstract 1997, 2002, 2007, and 2012 
issued by University of Florida, (http://www.bebr.ufl.edu/data). 

EMPLOYMENT is obtained from the BEBR Florida Statistical 

Abstract 1997, 2002, 2007, and 2012 issued by University of 
Florida, (http://www.bebr.ufl.edu/data). SURFACE WATER and 

GROUND WATER were provided by the USGS Florida Water 

Science Center, Orland, FL. RATIO of SW is the ratio of surface 
water use out of the total irrigation water use. 

REGION NO REGION YEAR  CROP VALUE EMPLOYMENT

SURFACE 

WATER

GROUND 

WATER RATIO of  SW

 ($ milion) (MGD) (MGD)

1 KB 2000 617$          3,045 51 142 0.26

2005 649$          2,724 59 119 0.33

2010 446$          2,917 84 90 0.48

2 LEC 2000 2,441$       15,837 1,079 234 0.82

2005 2,533$       14,321 869 174 0.83

2010 1,864$       12,014 534 144 0.79

3 LWC 2000 929$          6,937 212 278 0.43

2005 886$          6,953 166 197 0.46

2010 650$          4,915 244 242 0.50

4 UEC 2000 419$          1,357 318 64 0.83

2005 402$          1,182 196 42 0.82

2010 274$          852 96 14 0.87

SFWMD Total 2000 4,406$       27,176 1,660 718 0.70

2005 4,471$       25,180 1,290 532 0.71

2010 3,234$       20,698 957 490 0.66

REGION 
NO 

AREA 
NO County 

% 
County 

Area2 

Kissimmee Basin 
(KB) 

  1 1 Glades 0.60 
1 2 Highlands 0.75 
1 3 Okeechobee 0.75 
1 4 Orange 0.32 
1 5 Osceola 0.73 
1 6 Polk 0.24 
Lower East Coast (LEC) 

 2 7 Broward 1.00 
2 8 Collier 0.09 
2 9 Hendry 0.48 
2 10 Miami-Dade 1.00 
2 11 Monroe 0.56 
2 12 Palm Beach 1.00 
Lower West Coast (LWC) 

 3 13 Charlotte 0.35 
3 14 Collier 0.91 
3 15 Glades 0.40 
3 16 Hendry 0.52 
3 17 Lee 1.00 
3 18 Monroe 0.44 
Upper East Coast (UEC) 

 4 19 Martin 1.00 
4 20 Okeechobee 0.13 
4 21 St Lucie 1.00 

http://www.bls.gov/ppi/ppiover.htm
http://www.bebr.ufl.edu/data
http://www.bebr.ufl.edu/data
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What is the Effect of Producer’s Benefit for a 

Unit Change of Water? 

The producer’s Value Marginal Product (VMP) of 

water is the effect of producer’s benefit for a unit 

change in water usage (Johansson, 1993; Freeman 

2003; Young, 2005).  That is, VMP of water can 

indicate how producer’s income changes when 

surface or ground water use is changed by one MGD.  

We studied which region can achieve the highest 

benefit to the agriculture sector in the SFWMD by 

utilizing one additional MGD (See Table 3) of water.  

Our study indicates that the KB region generates the 

highest benefit when one MGD of surface water is 

allocated, whereas the LEC and UEC regions 

generate the highest benefit for ground water use, 

from years 2000 to 2010. 

Table 3: Value Marginal Product (VMP) of Surface or 

Ground Water in SFWMD Regions ($ million/MGD) 

 

 

What is the Penalty Incurred to SFWMD 

Cropland if Irrigation Water is Under 

Shortage? 

In this study, penalty is defined as an economic loss 

estimated by a loss of producer’s profit when 

irrigation water is changed in the SFWMD cropland.  

Studying penalties are important for the economy of 

South Florida, because water supply shortages can 

lead to negative economic impacts for the agriculture 

sector, which also affects the other sectors of 

economies in Florida. 

Our study finds that the KB would have a significant 

damage to crop farming if there is a shortage of 

surface water, although the degree of damage in the 

KB is diminishing over the last decade.  The penalty 

to the KB is $2,300 per one MGD of surface water in 

2010, which is more than ten times of the penalty for 

the LEC. Another notable trend is the penalty due to 

ground water use in the UEC is rising rapidly 

compared to the other regions (See Figure 2). The 

penalty to the UEC is $89,100 per one MGD of 

ground water use, which is about fifteen times more 

than the penalty associated with one MGD of ground 

water use to the LEC in 2010. 

Figure 2: Penalty by Region in SFWMD from Years 2000 to 2010 (in $ million)5 

 

                                                           
5
 The penalties ($ million) depict if an additional -10 to +10 MGD of surface or ground water is used across the four regions in years  2000, 2005 

and 2010. The horizontal axis shows the change in surface (see figures on the left) or ground water (see the figures on the right) in MGD.  The 

vertical axis shows the penalty in million dollars, and the scale ranges from 0 to 0.8 million dollars for changes in surface water and from 0 to 2 

million dollars for changes in ground water use.  

 

SW GW

2000 2005 2010 2000 2005 2010

KB 0.95 0.86 0.42 0.59 0.74 0.67

LEC 0.18 0.23 0.27 1.43 1.99 1.77

UEC 0.10 0.16 0.22 0.89 1.30 2.72

LWC 0.34 0.42 0.21 0.46 0.61 0.37

SFWMD 0.21 0.27 0.26 0.84 1.15 0.90
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How Should Water be Efficiently Traded? 

If each area needs additional irrigation water for 

cropland, producers will choose either surface or 

ground water based on the lowest penalty.  Our study 

finds that if one MGD of water is under shortage in 

the KB, the most efficient way to allocate water is 

trading water from southern Glades (KB 1) to 

southern Orange (KB 4) county, which minimizes the 

economic loss to the entire KB.  The ranking in Table 

4 prioritizes the areas that should export water. The 

areas with the lower ranked number, with a lower 

penalty (or value) of surface water, should export 

water to the area with the high ranked number, which 

has higher penalty (or value) of irrigation water.  For 

example, if water is distributed from Palm Beach 

county (LEC 12) or eastern Hendry county (LEC 9), 

and allocated to Miami-Dade (LEC 10) or Broward 

counties (LEC 7), then the LEC could end up with a 

lower penalty, which would result in minimizing the 

economic loss in the entire LEC. 

 

Table 4: Penalties for changing surface or ground water 

by +1 or -1 MGD and the Ranking in the KB and LEC 

($ million) Regions6  

 

 

                                                           
6 We estimated the penalty resulting in using +1 or -1MGD of 

surface or ground water in the KB and LEC, and selected the lower 

penalty due to surface or ground water use.  If a change in surface 
water use causes lower penalty, it shows in blue in Table 4. The 

table also indicates the penalty ranking from the lowest to the 

highest across the KB or LEC regions. 

 

d  irrigation 

water= -1 MGD

d irrigation 

water= +1 MGD Lower penalty

Rank (Lowest to 

highest penalty)

KB

KB 1 Glades 0.0003 0.0003 SW 1

KB 2 Highland 0.0130 0.0125 GW 4

KB 3 Okeechobee 0.0052 0.0049 GW 2

KB 4 Orange 4.0357 1.5290 GW 6

KB 5 Osceola 0.0096 0.0089 GW 3

KB 6 Polk 2.9821 1.3050 GW 5

LEC

LEC 7 Broward 1.3913 0.6508 GW 5

LEC 8 Col l ier 0.0083 0.0075 GW 3

LEC 9 Hendry 0.0004 0.0004 SW 2

LEC 10 Miami-Dade 0.0105 0.0103 GW 4

LEC 12 Monroe 0.0002 0.0002 SW 1
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Further Study: 

Our study assumed that the producers selected either 

surface or ground if they need additional irrigation 

water, but not combined surface and ground water. 

The effects of changes in combined surface and 

ground water use can also be examined. Figure 3 

exhibits an example of a case study of the LEC. The 

amounts of surface and ground water uses are shown 

on the horizontal axis, and the penalty in millions of 

dollars is shown on the vertical axis.  Figure 4 shows 

the optimal combinations of the surface and ground 

water use, which leads cropland farming to the lowest 

penalty of water use (red shaded area).  Further 

analysis is needed for the cross regional analysis. 

Figure 3 Penalty ($ million) Depending on the 

Combined Surface in LEC, in year 2010 

 

 

 

Figure 4 Optimal Minimal Penalties in a Two-input 

Combination of Surface and Ground Water Use in LEC, 

in year 2010 

 

Summary: 

Our study finds the penalties or economic losses 

associated with changing surface and ground water 

use in the SFWMD.  The results of this study are 

important for the agriculture sector and water 

management entities, among others, in Florida. The 

recent data shows that the amount of irrigation water 

is declining in the SFWMD, which correlates to the 

value of crop product sold in the region.  It is 

predicted that there will be a shortage of surface 

water by year 2030 in south Florida. The results of 

the research study provide options to minimize the 

economic loss by comparing water penalties across 

regions.  Continued research of water pricing 

strategies and efficient water allocation mechanisms 

among regions is necessary for sustainable water 

resources and economies in Florida. 
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GWCn LEC

2E-06 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 100 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.85 1.9 1.95 2
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7.02E-07 0 ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ###### ######

0.05 36 ###### 3,113  2,138  1,848  1,728  1,672  1,648  1,639  1,641  1,647  1,657  1,670  1,684  1,698  1,713  1,729  1,744  1,760  1,775  1,791  1,806  1,821  1,835  1,850  1,864  1,878  1,891  1,905  1,918  1,931  1,944  1,956  1,968  1,980  1,992  2,004  2,015  2,027  2,038  2,048  2,059  

0.1 71 ###### 2,580  1,470  1,114  949      860      809      778      759      749      744      743      744      747      751      756      762      769      776      783      790      798      806      813      821      829      836      844      852      859      867      874      881      888      896      903      910      917      924      930      937      

0.15 107 ###### 2,445  1,271  886      703      601      539      499      474      457      446      440      436      435      435      437      440      443      447      451      456      461      466      472      477      483      488      494      500      505      511      517      522      528      533      539      544      550      555      561      566      

0.2 142 ###### 2,401  1,186  783      589      479      411      367      337      317      304      294      288      285      283      283      284      286      288      291      294      298      302      306      310      315      319      324      329      333      338      343      348      352      357      362      367      371      376      381      385      

0.25 178 ###### 2,389  1,144  728      527      412      340      293      261      238      223      212      204      199      196      195      195      195      197      199      201      204      207      211      214      218      222      226      230      234      238      243      247      251      255      260      264      268      272      277      281      

0.3 214 ###### 2,391  1,123  697      490      371      297      247      213      189      172      160      151      145      142      139      138      138      139      141      142      145      147      150      153      157      160      164      167      171      175      179      183      187      191      195      199      202      206      210      214      

0.35 249 ###### 2,400  1,112  679      467      345      269      217      182      156      138      125      116      109      105      102      101      100      100      101      103      105      107      109      112      115      118      122      125      129      132      136      139      143      147      150      154      158      162      165      169      

0.4 285 ###### 2,413  1,108  668      453      328      250      197      160      134      115      101      91         84         79         76         74         73         73         74         75         76         78         81         83         86         89         92         95         98         102      105      109      112      116      119      123      126      130      133      137      

0.45 320 ###### 2,427  1,108  662      444      317      237      183      145      118      99         85         74         66         61         57         55         54         53         54         55         56         58         60         62         65         67         70         73         76         80         83         86         90         93         96         100      103      107      110      114      

0.5 356 ###### 2,442  1,110  659      438      310      228      173      135      107      87         72         61         53         48         44         41         40         39         39         40         41         43         44         47         49         52         54         57         60         63         66         70         73         76         79         83         86         90         93         96         

0.55 392 ###### 2,458  1,114  659      435      305      223      167      128      99         79         63         52         44         38         34         31         29         28         28         29         30         31         33         35         37         40         42         45         48         51         54         57         60         63         67         70         73         77         80         83         

0.6 427 ###### 2,473  1,119  660      434      302      219      162      122      94         73         57         45         37         31         26         23         21         20         20         20         21         23         24         26         28         31         33         36         39         42         45         48         51         54         57         60         63         67         70         73         

0.65 463 ###### 2,489  1,124  661      434      301      216      159      119      90         68         52         41         32         25         21         17         15         14         14         14         15         16         18         19         22         24         26         29         32         34         37         40         43         46         49         53         56         59         62         65         

0.7 498 ###### 2,504  1,130  664      434      301      215      157      117      87         65         49         37         28         21         17         13         11         10         9            10         10         11         13         14         16         19         21         24         26         29         32         35         38         41         44         47         50         53         56         59         

0.75 534 ###### 2,518  1,137  667      436      301      215      157      115      86         64         47         35         26         19         14         10         8            7            6            6            7            8            9            11         13         15         17         20         22         25         28         30         33         36         39         42         46         49         52         55         

0.8 570 ###### 2,532  1,143  671      438      302      215      157      115      85         62         46         33         24         17         12         8            6            4            4            4            4            5            6            8            10         12         14         17         19         22         25         27         30         33         36         39         42         45         48         51         

0.85 605 ###### 2,546  1,150  675      440      304      216      157      115      84         62         45         32         23         16         11         7            4            3            2            2            2            3            4            6            8            10         12         14         17         20         22         25         28         31         34         37         40         43         46         49         

0.9 641 ###### 2,560  1,156  679      443      306      218      158      116      85         62         45         32         22         15         10         6            3            2            1            1            1            2            3            5            6            8            11         13         15         18         21         23         26         29         32         35         38         41         44         47         

0.95 676 ###### 2,573  1,163  683      446      308      219      159      116      85         62         45         32         22         15         10         6            3            1            0            0            0            1            2            4            6            8            10         12         14         17         20         22         25         28         31         34         37         40         43         46         

100 712 ###### 2,586  1,169  687      449      310      221      161      118      86         63         46         33         23         15         10         6            3            1            0            (0)           0            1            2            3            5            7            9            11         14         16         19         22         25         27         30         33         36         39         42         45         

1.05 747 ###### 2,598  1,176  692      453      313      223      162      119      88         64         47         33         23         16         10         6            3            2            1            0            0            1            2            3            5            7            9            11         14         16         19         22         24         27         30         33         36         39         42         45         

1.1 783 ###### 2,610  1,182  696      456      316      225      164      121      89         65         48         34         24         17         11         7            4            2            1            1            1            1            2            4            5            7            9            12         14         16         19         22         24         27         30         33         36         39         42         45         

1.15 819 ###### 2,622  1,189  701      459      318      228      166      122      91         67         49         36         25         18         12         8            5            3            2            1            1            2            3            4            6            8            10         12         14         17         19         22         25         27         30         33         36         39         42         45         

1.2 854 ###### 2,633  1,195  705      463      321      230      168      124      92         68         51         37         27         19         13         9            6            4            3            2            2            3            4            5            7            8            10         13         15         17         20         23         25         28         31         34         37         40         42         45         

1.25 890 ###### 2,645  1,201  710      466      324      233      171      126      94         70         52         38         28         20         14         10         7            5            4            3            3            4            5            6            8            9            11         13         16         18         21         23         26         29         32         34         37         40         43         46         

1.3 925 ###### 2,655  1,207  714      470      327      235      173      128      96         72         54         40         29         22         16         11         8            6            5            4            4            5            6            7            9            10         12         14         17         19         22         24         27         30         32         35         38         41         44         47         

1.35 961 ###### 2,666  1,213  718      473      330      238      175      131      98         74         56         42         31         23         17         13         10         7            6            6            6            6            7            8            10         11         13         16         18         20         23         25         28         31         33         36         39         42         45         48         

1.4 997 ###### 2,676  1,219  723      477      333      241      178      133      100      76         57         43         33         25         19         14         11         9            8            7            7            7            8            9            11         13         15         17         19         21         24         26         29         32         35         37         40         43         46         49         

1.45 1032 ###### 2,686  1,225  727      480      336      243      180      135      102      78         59         45         34         26         20         16         13         10         9            8            8            9            10         11         12         14         16         18         20         23         25         28         30         33         36         39         42         44         47         50         

1.5 1068 ###### 2,696  1,231  731      484      339      246      182      137      104      80         61         47         36         28         22         17         14         12         11         10         10         10         11         12         14         15         17         19         22         24         26         29         32         34         37         40         43         46         49         52         

1.55 1103 ###### 2,706  1,236  735      487      342      249      185      140      106      82         63         49         38         30         24         19         16         14         12         11         11         12         13         14         15         17         19         21         23         25         28         30         33         36         39         41         44         47         50         53         

1.6 1139 ###### 2,715  1,242  739      490      345      251      187      142      109      84         65         51         40         32         25         21         17         15         14         13         13         13         14         15         17         18         20         22         25         27         29         32         35         37         40         43         46         48         51         54         

1.65 1175 ###### 2,724  1,247  743      494      348      254      190      144      111      86         67         53         42         34         27         23         19         17         15         15         15         15         16         17         18         20         22         24         26         28         31         33         36         39         41         44         47         50         53         56         

1.7 1210 ###### 2,733  1,252  747      497      351      257      192      146      113      88         69         55         44         35         29         24         21         19         17         16         16         17         17         19         20         22         23         25         28         30         32         35         38         40         43         46         49         51         54         57         

1.75 1246 ###### 2,742  1,258  751      501      354      259      195      149      115      90         71         57         46         37         31         26         23         20         19         18         18         18         19         20         22         23         25         27         29         32         34         37         39         42         45         47         50         53         56         59         

1.8 1281 ###### 2,751  1,263  755      504      357      262      197      151      117      92         73         59         48         39         33         28         25         22         21         20         20         20         21         22         23         25         27         29         31         33         36         38         41         43         46         49         52         55         58         60         

1.85 1317 ###### 2,759  1,268  759      507      359      264      200      153      120      94         75         61         50         41         35         30         26         24         22         22         21         22         22         24         25         27         28         30         33         35         37         40         42         45         48         51         53         56         59         62         

1.9 1353 ###### 2,767  1,273  763      510      362      267      202      156      122      96         77         63         51         43         36         32         28         26         24         23         23         23         24         25         27         28         30         32         34         37         39         41         44         47         49         52         55         58         61         64         

1.95 1388 ###### 2,775  1,278  767      513      365      270      204      158      124      99         79         65         53         45         38         34         30         28         26         25         25         25         26         27         28         30         32         34         36         38         41         43         46         48         51         54         57         60         62         65         

2 1424 ###### 2,783  1,283  770      517      368      272      207      160      126      101      81         67         55         47         40         35         32         29         28         27         27         27         28         29         30         32         33         35         38         40         42         45         47         50         53         56         58         61         64         67         
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