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• Fully- in tegrated hydro logic  m odel?
– What is it?
– When is it used or needed?

• Integrated Hydrologic Model (IHM) simulation engine
• Integrated Northern Tampa Bay Model, application of the IHM
• Case Study: Hydrologic responses to well pumping reduction
• Summary

Outline
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Fully- In tegrated  Hydro lo gic  Mo del
What  is th is sim ulat io n  techno lo gy?

• Com ple te ly sim ulate  hydro logic  
system  & wate r table  (WT) feedback

– Uplands, water bodies, & GW
– WT feedback: runoff, ET, recharge

• Interfacial boundary conditions (BC) 
for single - regime models replaced 
with dynamic simulation

– Surface hydrology
• Depth - to - water table(t)
• Baseflow(t)

– Groundwater hydrology
• Recharge rate(t)
• Maximum evapotranspiration rate(t)
• Water- body stage(t)
• Specific yield(t)
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Surface Hydrology

Fully- In tegrated  Hydro lo gic  Mo del
Sim ulates All Pro cesses and  WT Feedback

ET & Vadose Hydrology

Groundwater Hydrology
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Relat ive  Change  in  Flux Magnitude
Deep vs Shallo w Depth-To -Water Table
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• Hydro logic , hydrogeo logic , c lim ate , & anthropogenic  attributes
– Near- surface water table causes dynamic feedback among processes

• Uplands, water bodies, & groundwater

– Changes to anthropogenic stresses or climate
• Dynamically alter WT feedback & interfacial BC (e.g., depth - to - water table, recharge)

• Strategic decision support needs
– Increase simulation accuracy, capability, & flexibility (e.g., dry & wet, MFL)
– Quantitatively partition causes of changes for flows & levels

• Climate, well pumping, surface - water diversions, landuse

Fully- In tegrated  Hydro lo gic  Mo del
When  is th is sim ulat io n  techno lo gy used  o r needed?
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• 4,0 0 0  sq m iles No rth & East o f Tam pa 
Bay

• 50 % near- surface  water table

• 25% water & wetlands

• 50 0  m illio n gallo ns per day well pum ping

• Surfic ial & upper Flo ridan aquifers 
co nnected by a leaky sem i- co nfining unit

• Flo ridan aquifer well pum ping influences:
– Surficial aquifer levels (water table)

– Lake & wetland levels

– Streamflow

• Decision support needs
IntegratedHydrologicModel.org

In tegrated  Hydro lo gic  Mo del (IHM)

IHM

In tegrated  Hydro lo gic  Mo del (IHM) and
In tegrated  No rthern  Tam pa Bay (INTB) Mo del

INTB Model
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In tegrated  No rthern  Tam pa Bay (INTB) Mo del
Pum ping Scenario s With in  CWC Flo rida GW Basin

Credit: SWFWMD 2015,
RWSP Executive Summary

• Com pare  two  scenario s
– Historical well pumping (200 MGD)

– No well pumping

• Compare scenario responses
– Depth - to - water table & recharge

– Streamflow, surface runoff, 
baseflow, & runoff fraction of 
streamflow

– Upland ET & water - body ET

– Groundwater above land

– Water- body stage

INTB 
Model
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GW Pum ping Reduct io n : DWT & Recharge  Change
Water Table Elevation Change

WT Elevation
*Increase

Depth to WT
*Decrease
*Transition DEEP 
to SHALLOW

Recharge
*Decrease

Δ Related to 
Pumping Rate

Credit: Ross and Trout 2017

Areas with increase  in  recharge  is outcom e o f a basin that inc ludes 
shallow and deep depth- to - wate r table ; occurs over deep DWT

Recharge to Water Table Change
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GW Pum ping Reduct io n :
Stream flo w Change

Credit: Ross and Trout 2017Streamflow
*Increase by
Factor 1.05 to 20

Streamflow =
Runoff+Baseflow
*Increase both 
components
*ΔRunoff causes 
up to 42% of 
Δstreamflow

Runoff Fraction
*Decrease

Δ Related to 
Pumping Rate
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Credit: Ross and Trout 2017Legend:
F=Forested; G/P=Grass/Pasture
A/I=Agric/Irrigated, U=Urban
M/O=Mining/Other

GW Pum ping Reduct io n : ET Change

Well Q: 6.1 in

Well Q: 4.6 in

Well Q: 1.9 in

Well Q: 5.3 in

Well Q: 3.9 in

Well Q: 0.9 in

Uplands Credit: Ross and Trout 2017Water Bodies

Uplands ET
*Decrease vadose
*Increase GW
*Net increase

Water-Body ET
*Increase

ΔET Related to 
Pumping Rate

Well Q: 4.6 in
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Benefits o f Fully- In tegrated  Hydro lo gic  Mo dels

• Sim ulate  all processes, WT feedback, & in te rfacial BC
• Strategic  application conditions

– Near- surface depth - to - water table with dynamic WT feedback
– Change to anthropogenic stress or climate alters dynamic WT feedback & 

interfacial BC
– Natural systems or water supplies currently or anticipated to be stressed

• Decision support requires more accuracy, capability, or flexibility
• Quantitatively partition causes of changes in flows & levels
• One model to assess changes to all flows & levels



Quest ions

IHM website:  IntegratedHydrologicModel.org

https://integratedhydrologicmodel.org/
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GW Pum ping Reduct io n
Water Abo ve  Land

Credit: Ross and Trout 2017

 Integrated m odel has increase  in  
days where  wate r is above  land

 Lo catio ns co incide  with water bo dies
 Dynam ic co nversio n o f recharge  to  

runo ff and ET m inim izes water abo ve  
land in  upland areas

 Very difficult fo r groundwater 
m ode ls to  avo id wate r above  land 
in   upland areas

 Water abo ve  land in  upland areas can 
cause  o verestim ate  o f change  to  
baseflo w, springflo w, and heads fo r a 
pum ping reductio n
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GW Pum ping Reduct io n
Water-Bo dy Stage  Change

Credit: Ross and Trout 2017

 Integrated m odel shows increase  
in  wate r- body stage caused by ne t 
e ffects o f:

 Increase  in  runo ff and baseflo w
 Increase  o r decrease  in  water- bo dy 

leakage  
 Increase  in  water- bo dy ET

 Very difficult fo r groundwater 
m ode l to  sim ulate  changes to  
wate r- body stage

 Witho ut change  in  water- bo dy stage , 
baseflo w change  can be  
o verestim ated fo r a pum ping 
reductio n
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Surface-Gro undwater Flo w Exchange
Water Table  In fluence  Thro ugh  Capillary Fo rces
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Areas With  Near-Surface  Depth-To -Water Table
Assessm ent  Advantages Using In tegrated  Mo dels
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