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Water Resources 
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Management of water resources in Florida is handled by the Department of Environmental 
Protection and five regional water management districts.



Water Issues in Florida?



Provide sufficient water for all 
existing and future 

reasonable-beneficial uses

Provide sufficient 
water for natural 

systems

Water 
Management

Sustainable Use and 
Protection of Water 

Resources

CƭƻǊƛŘŀΩǎ ǿŀǘŜǊ ǇƻƭƛŎȅ ƛǎ ǘƻ ƳŀȄƛƳƛȊŜ reasonable-beneficial use 
and economic development of water resources while protecting 
natural systems.

Science



Florida has met the bulk of its water needs by using water from a vast 

aquifer ïthe Floridan.  In many areas, however, groundwater use is near 

its sustainable limits.  Groundwater alone canôt meet the growing need for 

water if aquatic ecosystems are to be protected.

ÅThomas Friedman has said the world is
Hot, Flat, and Crowded.  It is also thirsty!

ÅEven in Florida where rainfall and groundwater are 
plentiful  - Why?
ïEvapotranspirationis high
ïRequirements of natural and man-made systems are high

ÅFlorida law requires protection of natural systems
ÅThe result - Groundwater cannot be used to meet 

growing needs for water.  Conservation and alternative 
sources required.



Water Supplies in the St. 
Johns River Water 

Management District

R. S. Burks



District Water Supply Plan
Groundwater insufficient for 
sustainable use

1. Population nearly 5.9 

million by 2025, a 67% 

increase from 1995 (3.5 

million).

2. Public supply will increase 

from 453 mgd to 836 mgd.

3. High potential for 

unacceptable, unmanageable 

harm to groundwater quality, 

wetlands, lakes, and springs if 

all this increase need met with 

groundwater.



Existing and Proposed 

Alternative Water 
Supply Projects

ωSeawater

Å Brackish groundwater

Å Surface water 

What is the potential for the St. 
Johns River to supply additional 
ǿŀǘŜǊ όҖ ммΦр Ƴ3/s; 262 mgd) 
without causing significant 
adverse environmental effects?



Ecosystem Complexity

Dean Campbell



Å St. Johns River Ecosystem: ca. 500 km 
long, 550 km2 water surface in estuary 
(mouth to 200 km); mean discharge > 
250 m3/s

Å Ecosystem Attributes

ï Physical ςtransparency (color, 
turbidity), salinity, flow rate, flow 
velocity, depth

ï Chemical ςnutrients, DOC, other 
constituents

ï Biological ςSoils (sediments), 
Plankton, Invertebrate Benthos, 
Submersed vegetation, Emergent 
vegetation, fish and wetland-
dependent vertebrates 

Å Biodiversity 

ï 171 species fish

ï > 2000 species benthic 
macroinvertebrates?

ï Ca. 500 species vascular plants



A large-scale ecosystem, such as the St. Johns River is extraordinarily 
complex.  Understanding and managing such a system is challenging.

Lavigne& Fink, 2001.

Food web of Little Rock Lake, Wisconsin
Yoon et al., 2005.  

These food webs illustrate the trophic
complexity of ecosystems.  The complexity  
would increase considerably if interactions 
with physical and chemical variables were 
included. 



òThere are no generally agreed upon 

methodologies for studying complex systems of 

interconnected environmental influences that 

can have different impacts in varied and 

sometimes subtle directions.  éwe typically 

have only rudimentary understanding of the 

dynamics of interactions between different 

environmental variables in complex systems, 

making it extremely difficult to predict the 

combined effects of multiple interacting 

stresses.ó

National Academy of Sciences Committee on Earth-Atmosphere Interactions 
2007.  Understanding multiple environmental stresses: report of a workshop.  
ISBN: 0-309066576-0, 154 pp.



What is our strategy for dealing with this complexity?

Å Bring together large, interdisciplinary team with well-defined mission
ï Organize into work groups, each focused on an ecosystem component

ï Develop a well-defined mission ςfor us, effects linked to withdrawals

Å Develop conceptual models 
ï Understanding - Chains of causation

ï Prediction ςEmpirical or mechanistic predictive models

ï Integration of effects among ecosystem components 

Å Identify key effects and Indicators

ï Key effects - 1) early in the chain of causation or significant regardless of 
dependent effects, 2) sufficiently understood to develop predictive models

ï Indicators - 1) species, community measures, or functions that are 
responsive to key effects, 2) sensitive compared to other components

Å Characterize effects at the ecosystem level 

Å Acknowledge, communicate, and manage uncertainty



Coping with Complexity
1. Organize an Interdisciplinary team 

with a well-defined mission

R. S. Burks



Hydroecologyis interdisciplinary.  Management and regulatory decisions 
also consider social, economic, policy, and legal factors.  (Arrows indicate 
state-changing interactions.)

Hydrology and 
Hydrodynamics

Physics and 
chemistry

Biology

Socioeconomics

Hydroecology
Policy and Law



St. Johns River Water Supply Impact Study 
Scientific/Engineering Staff

ÅHydroecologyis, of necessity, interdisciplinary

ÅMore than 60 scientists and engineers

ÅDisciplines
ïHydrology ςgroundwater, surface water, hydrostatistics

ïHydrodynamics

ïBiogeochemistry

ïWater Quality

ïAquatic Ecology ςplankton, benthos, nekton, submersed 
aquatic vegetation, wetland vegetation, wetland-
dependent species

ïClimatology



The Mission
ÅWhat are the potential environmental effects of water 

withdrawals?

ÅWhich effects are important evaluation points (key effects)?

ÅWhat mechanisms link these key effects to water 
withdrawals?

ÅWhat metrics/indicators can be used to quantify the 
changes in key effects?

ÅWhat level of each key effects defines a significant 
environmental threshold?

ÅWhat are the requisite hydrologic thresholds?



How will this work be done?  Water withdrawal will be linked to 

environmental endpoints through mechanistic chains.

Water level

Salinity

Water ageFlow rate

Flow velocity 

Depth

Hydroperiod

Inundation frequency

Wetland P storage

P loading rate

Fish egg survival Wetland Vegetation

Retention Time

Withdrawal 

Wetland fauna

Conceptual  diagram
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The effect of each step in a mechanistic chain must be quantifiable either by a 
mechanistic or empirical model.  These models define response functions that link 
environmental endpoints to withdrawals.  
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Conceptual  diagram

1. Primary hydrologic/hydrodynamic 
forcing responsive to withdrawal

2. Secondary hydrologic forcing 
responsive to primary forcing

3. Ecosystem state responsive to 
change in forcing factor



An important step in simplification is to maintain focus on the driver(s) of concern.  In our 
case we are focused on the effects of only one driver ςwater withdrawal.  For example, if 
ǿŜ ǎǘŀǊǘŜŘ ǿƛǘƘ ŀ ŦƛǎƘ ƳƻŘŜƭ ŦƻǊ [ŀƪŜ hƪŜŜŎƘƻōŜŜ Χ

Water Management

Fish Forage

Exotic Fauna

Macroinverts

Lake Level

SAV & Epiphytes

Desirable Native Fish 
Abundance & 

Diversity

Fish Habitat (cover, 
forage, spawning)

Littoral Emergent 
Vegetation

Bacteria

Nutrient Load 
Management

Water Quality

Phytoplankton Taxa

Zooplankton
Sediment Type

Source: SFWMD, 2006. 



Coping with Complexity
2. Develop conceptual models

R. S. Burks


