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Introduction

Florida Water and Climate Alliance 
A Stakeholder-Scientist Network 

Goal: To 
increase the 
regional 
relevance and 
usability of 
climate and sea 
level rise 
models for the 
specific needs 
of water 
suppliers and 
resources 
managers in 
Florida.  
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Partners:

Gainesville Regional Utilities, Miami-Dade Water and Sewer Department, Orlando Utilities Commission, Palm Beach County Water Utilities  ,Peace River Manasota Regional Water Supply Authority   ,Tampa Bay Water  , Martin County Board of County Commissioners
Broward County Natural Resources Planning and Management Division, Monroe County Sustainability Program
St Johns River WMD ,South Florida WMD, Southwest Florida WMD 
University of Florida Water Institute,  Florida State University, COAPS
�Divided into 3 main working groups:

SEASONAL SCALE PREDICTIONS– Diagnose seasonal predictability and forecast skill for precipitation, temperature and streamflow in multiple watersheds in Florida 

SEA LEVEL RISE – Improve access to existing information

LONG TERM CLIMATE PROJECTIONS–Evaluate the ability of downscaled reanalysis data and retrospective GCM output to reproduce current climate and hydrologic patterns, and implications of future GCM projections on climate and hydrologic patterns, in Florida






Introduction

Tampa Bay Water Project Objectives

- Evaluate the ability of Global Climate Models (GCMs) to reproduce 
retrospective temperature and rainfall in the Tampa Bay Region 

- Evaluate the ability of GCMs to reproduce retrospective hydrologic 
behavior when used with the calibrated Integrated Northern Tampa 
Bay (INTB) Model 

- Evaluate changes in hydrology resulting from GCM future climate  
projections

- Quantify  the relative uncertainties of changes in future climate and 
water use scenarios for water supply planning 

Presenter
Presentation Notes
Retropective= 1982-2005
Future 1 =2030-2060
Future 2=2070-2100



- Historic climate data: NLDAS-2 (1/8th degree grid)

- Hydrologic model: Integrated Hydrologic Model (IHM)

- Study region: Integrated Northern Tampa Bay (INTB)

8 GCMs 
(CMIP5, RCP8.5)1

8 Water use 
scenarios

3 ET0 estimation 
Methods1

(Hargreaves, Penman-
Monteith, Priestly Taylor)

Changes in hydrology, changes in environmental compliance, ability to 
meet future demand.

Retrospective period: 1982-2005
Future period 1: 2030-2060
Future period 2: 2070-2100

Methods and Materials

Ref: 1Chang et al (2016)
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(1) BNU-ESM
(2) GFDL-CM3
(3) GFDL-ESM2G
(4) MIROC-ESM
(5) MPI-ESM-LR
(6) MRI-CGCM3
(7) NorESM1-M
(8) BCC-CSM1.1

These 8 GCMs were chosen because they spanned the range of cool to warm bias and wet to dry bias exhibited by 41 CMIP5 GCMs for the southeastern United States (Rupp, 2016), and they had daily values available for all the parameters needed to estimate Penman–Monteith reference evapotranspiration.

Based on prior research only used RCP 8.5 most extreme carbon dioxide emission scenario.  Chang et al 2016 Uncertainty based on RCP smaller than ET or GCM, however effect of RCP increases in future 2 over future 1. 





8 Daily GCM predictions

Bias correction
(using NLDAS2)

Bias correction
(using NLDAS2)

3 ET0 methods

BCSA Spatial 
Downscaling1

Precipitation Reference ET

Irrigation
Demand

Agricultural GW
Pumping

Sub-basin dataset (P, ET0)

Regional Hydrologic Model (INTB simulations)

Ref: 1Hwang & Graham (2013)

Urban GW
Pumping

AFSIRS model

Variance-based GSA and Tukey’s HSD test to evaluate the results.

8 water use scenarios
Methods and Materials
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BCSA downscaling technique developed specifically for this application 



Bias Correction Stochastic Analog (BCSA) Downscaling Technique1

Methods and Materials

What we did
Developed a new statistical downscaling method (BCSA) and          
compared it to existing methods (BCSD, SDBC, BCCA)

Why we did it
Existing statistical downscaling methods did not reproduce spatio-
temporal rainfall characteristics in Florida well

What we found…
Choice of statistical downscaling method matters in Florida!

Ref:    1Hwang & Graham (2013a)
2Hwang & Graham (2013b, 2014)

Note:  Even dynamic downscaling requires bias correction before use in hydrologic models !



Wet season average daily rainfall

Wet season standard deviation of  daily rainfall

Wet season frequency of wet spells >5 days

Results: Comparison of Downscaling Methods

Presenter
Presentation Notes
In brief…. All methods reproduce average daily rainfall well.  BCSD (bias corrects at GCM scale then downscales by interpolation) and BCCA underestimate daily variability and frequency of wet spells (and dry spells) greater than 5 days.  

SDBC  (which bias corrects at local scale after downscaling by interpolation) and BCSA  do better




Wet season spatial structure
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(d) BCSA_wet
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(a) BCSD_daily wet
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(c) SDBC_wet
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(b) BCCA_wet

Results: Comparison of Downscaling Methods
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However … all other methods BCSD, BCCA, SDBC under estimate the spatial variance of the rainfall…  drizzles a little bit every where when it rains. BCSA preserves the spatial correlation structure… more localized events.



Results

Comparison of raw and downscaled, bias-corrected retrospective P and ET0 

All GCMs must be bias corrected before use with INTB !!

1 2 3 4 5 6 7 8 9 10 11 12

Month

0

1

2

3

4

5

6

7

M
ea

n 
P

re
ci

pi
ta

tio
n 

(m
m

)

1 2 3 4 5 6 7 8 9 10 11 12

Month

1

2

3

4

5

6

7

M
ea

n 
E

va
po

tr
an

sp
ira

tio
n 

(m
m

)

NLDAS-2
Raw GCMs
Univariate bias 
correction

Presenter
Presentation Notes
Seasonality of rainfall and ET off for all GCMs… in particular Precip peak shifted to fall,  ET misses May peak.. Problem with cloud cover in summer??



Methods Integrated Hydrologic Model (IHM)



Comparison of retrospective monthly streamflow predicitions
Results
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Results

Projected future monthly change in P,  ET0 and (P-ET0)
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Future1
Future2

P ET0

P – ET0

Slightly higher mean P
Higher mean ET0
Future 2 > Future 1

Mean P-ET0 lower in      
summer months for               
Future 2 

Large spread in projections 
depending on GCM and ET
Method!!

Presenter
Presentation Notes
Average over study area.  Spread due to GCM and ET method.

The mean change in monthly mean (a) precipitation, (b) evapotranspiration and (c) P – ET over Florida. Blue lines represent future 1 period (2030-2060), and red lines represent future 2 period (2070-2100). Error bars represent one standard deviation. The change  is defined as the average of future periods minus that of retrospective period (1950-2005).
 
Note… lots of spread ( uncertainty) around mean projected change … due to GCMs, PET methods, RCPs





2045 Water Use Scenarios:  Demand Assumptions

Methods and Materials

• Tampa Bay Water Urban demand projected to be ~280 
MGD in 2045 assuming active water conservation.

• Climate-driven agricultural irrigation water demand     
estimated by the AFSIRS model using GCM future        
projections

• Land use change not considered.  Increases in demand 
assumed to be the result of intensification on existing   
lands

Presenter
Presentation Notes
Chang et al 2018 describes 8 water use scenarios for 2045 developed with Tampa Bay water…

Municipal Demand, assuming active urban water conservation programs, projected to be ~280 MGD in 2045. Demand was 220 MGD in 2010.


Scenarios are exploratory.  In no way meant to be projections or recommendations. 

Agricultural pumping consists of  agricultural and recreational pumping.  
For future scenarios AFSIRS was used to estimate agricultural  pumping demand.  85% of efficiency rate was assumed for all agricultural pumping  (i.e irrigation=0.85 ag pumping) 
Municipal pumping consists of public supply (including consolidated wellfields), industrial/commercial, and mining. 
Agricultural adaptation= 25% reduction in GW as irrigation source. 
Increased ag demand  40 MGD (25% higher) 
Increased CWF 40 MGD higher (45% higher). Consolidated wellfields (CWF) is a term used to describe 11 of TBW’s 13 wellfields that are included under one Water Use Permit. The CWF are located in northern Hillsborough, Pinellas and Pasco Counties.
Increased all municipal 45% higher





2045 Water Use Scenarios

Methods and Materials

Scenario

Groundwater Pumping for Retrospective Climate
(MGD)

Irrigation 
Demand

Agricultural
Pumping1

Urban
Pumping2

(CWF)3

Total 
GW         
Pumping

No groundwater pumping 0 0 0 0
No urban groundwater pumping 163 192 0 192
No agricultural groundwater pumping 0 0 356(90) 356
Agricultural adaptation (25% reduction)4 129 152 356(90) 508
Business as Usual 163 192 356(90) 548
Increase agricultural demand (25% increase)4 203 239 356(90) 595
Increase CWF groundwater pumping (45%) 163 192 396(130) 588
Increase all urban groundwater pumping (45%) 163 192 514(130) 706

• 1Agricultural = agricultural & recreational
• 2Urban = public water supply & industrial
• 3CWFs: Consolidated wellfields
• 4redcution/increase over climate driven demand

Presenter
Presentation Notes
Chang et al 2018 describes 8 water use scenarios for 2045 developed with Tampa Bay water…

Municipal Demand, assuming active urban water conservation programs, projected to be ~280 MGD in 2045. Demand was 220 MGD in 2010.


Scenarios are exploratory.  In no way meant to be projections or recommendations. 

Agricultural pumping consists of  agricultural and recreational pumping.  
For future scenarios AFSIRS was used to estimate agricultural  pumping demand.  85% of efficiency rate was assumed for all agricultural pumping  (i.e irrigation=0.85 ag pumping) 
Municipal pumping consists of public supply (including consolidated wellfields), industrial/commercial, and mining. 
Agricultural adaptation= 25% reduction in GW as irrigation source. 
Increased ag demand  40 MGD (25% higher) 
Increased CWF 40 MGD higher (45% higher). Consolidated wellfields (CWF) is a term used to describe 11 of TBW’s 13 wellfields that are included under one Water Use Permit. The CWF are located in northern Hillsborough, Pinellas and Pasco Counties.
Increased all municipal 45% higher





Retrospective versus future mean daily streamflow 
(Business as usual scenario, Hargreaves ET)

Results

Lower mean streamflow  in summer months. Future 2 < Future 1. Large spread in future projections!

Presenter
Presentation Notes
For illustration purposes this plot shows change in projected streamflow for BAU water use Hargreaves ET

Spread in streamflow due to GCMs. 




Retrospective versus future mean daily groundwater level
(Business as usual scenario, Hargreaves ET)

Results

31st Environmental Permitting School

Lower mean groundwater levels. Future 2 <  Future 1. Large spread in future projections!

Presenter
Presentation Notes
Same for GW: change in projected GW elevation  for BAU water use Hargreaves ET


Spread in groundwater level due to GCMs and ET method. Water use: BAU



Global Sensitivity Analysis

River gage Season Period GCM ET Scenario

Hillsborough
Wet season Fut1 0.944 0.002 0.016

Fut2 0.930 0.041 0.006

Dry season Fut1 0.948 0.012 0.029
Fut2 0.961 0.001 0.018

The first order sensitivity index of change in streamflow

GCM is dominant cause of 
spread in projections

ET  and Water Use 
Scenario low

Results

Presenter
Presentation Notes
Global sensitivity analysis over 8 GCMs*8 Water Use* 3 ET methods = 192 runs.  

Out of 100% variation.. What percent is from each source .  



GCM and water use scenario
are both significant sources 
of spread

Global Sensitivity Analysis 
The first order sensitivity index of change in groundwater level

OROP well Season Period GCM MET Scenario

NWH-RMP-08s
Wet season Fut1 0.442 0.005 0.501

Fut2 0.576 0.004 0.278

Dry season Fut1 0.475 0.007 0.435
Fut2 0.550 0.002 0.288

Results



Change in available water from the Hillsborough River

By water use scenario

By GCM

When averaged over GCMs and ET methods, 
differences among water use scenarios are not statistically significant

When averaged over water use scenarios and ET method,
Differences among GCMs are statistically significant

5 GCMs projected 
decrease 

2 GCMs projected 
increase

Results

Presenter
Presentation Notes
Tampa Bay Water has the criteria for how much water can be withdrawn from Hillsborough river based on streamflow. Looked at how water use scenarios and climate models change the projected volume of water withdrawals permitted for Hillsborough river in the future periods. First future period is 2030-2060, and second future period is 2070-2100.

The results indicate that differences among water use scenarios were not statistically significant (from each other or from zero). All boxplots encompass both positive and negative changes for both future periods, but indicate generally lower water availability in future 2 (2070–2100) than future 1 (2030–2060)

However differences among climate models were statistically significant. Two climate models, GFDL-CM3 and MRI-CGCM3 always show increase in the percent of the time that maximum rate of water can be withdrawn. However, 5 climate models projected decrease in the percent of the time that maximum permitted water withdrawal regardless of water use scenario or ET method.  


Both theses results indicate that cannot manipulate groundwater pumping to make significant changes in surface water availability… depends very strongly on future climate. 



Change in percent of the time that GW is above target level

By water use scenario

By GCM

2 water use scenarios are statistically significantly different

Differences among GCMs are statistically significant

2 GCMs projected 
increase

Reduction in            
municipal pumping  
leads  to increase in 
time GW is above    
target at this well

Results

Presenter
Presentation Notes
Tampa Bay Water has the target levels for their monitoring wells to protect nearby wetlands.  Tested change in percent of the time that groundwater level is above the target level.

Unlike the streamflow results, the two most extreme water use scenarios that eliminate GW pumping for public water supply,  were statistically significantly different than others.  If completely eliminate groundwater pumping or urban groundwater pumping can improve compliance with GW level standards for all GCM climate projections.  This makes sense since these are wells specifically located near wetlands that are sensitive to CFW



Similar to streamflow, 2 climate models projected increase in groundwater level and most climate models projected decrease in groundwater level  regardless of water use scenario or ET method. 





Scenario Discovery Analysis1: Ability to meet Tampa Bay Water 
projected 2045 demand and meet environmental regulations

• Meets 2045 demand and maintains compliance with groundwater regulations

• Does not meet 2045 demand but maintains compliance with regulations
• Does not meet 2045 demand or maintains compliance regulations

Retrospective Business as Usual 

No pumping

No urban pumping

No ag pumping

Ag adaption
BAU

Inc ag pumping
Inc urban pumping

Inc all pumping

Refs1: Tariq et al (2017)
Chang et al (2018)
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Figure presents the results of a scenario discovery analysis that evaluates which climate and water use scenarios achieve water supply and env regulation  objectives in future 1 (2030-2060) using the Hargreaves ET0 method. 

Municipal Demand, assuming active urban water conservation programs, projected to be ~280 MGD in 2045. Demand was 220 MGD in 2010.

It was assumed that Tampa Bay Water’s desalination capacity would remain at 25 MGD, surface water would be extracted at the maximum rate that complied with existing regulations, and 0% (current condition), 20%, or 40% of Tampa Bay Water’s public water supply (surface water, groundwater, and desalination) might be reclaimed and reused to satisfy public demand. The axes in figure 6 represent the two most important factors in the climate and water use scenarios that affect achievement of Tampa Bay Water’s goals:  mean change in precipitation projected by the different GCMs and volume of agricultural and urban groundwater pumping in the water use scenario. 

1) No pumping
2) No urban pumping
3) No agricultural pumping
4) Agricultural adaption
5) Business as Usual
6) Increase agricultural demand
7) Increase CWF pumping 
8) Increase all urban pumping


With no reclaimed water only 4 scenarios are able to meet both objectives.. These assume the wettest climates and that permitted pumping at the CWF will increase (still meet regs)

20% reclaimed… two wettest climates can achieve goals regardless of water use scenario

40% reclaimed… scenarios with at least as much rain as present have potential to meet both objectives. However, to meet both public water demand and maintain existing compliance with groundwater regulations, scenarios that predict the same rainfall as current climate require a complete switch of public water supply from groundwater to surface water sources…. Big change in infrastructure!, lost cheapest source …GW





Take home messages

- Downscaling technique matters!  Even dynamically downscaled GCMs must be 
bias corrected.

- Projected changes in streamflow and groundwater level vary depending on 
choice of GCM, ET method, water use scenario and RCP scenario 

- The uncertainty attributed to GCMs was the dominant factor influencing different 
future streamflow projections.

- The uncertainty attributed to GCM and water use scenario both contributed to 
significant differences in future groundwater level projections.

- For the three ET methods shown here, uncertainty is relatively small.

- Climate models projected significantly different changes in streamflow and 
groundwater.  5 to 6 GCMs among 8 projected decreases in water availability.

- Even with active conservation and dramatic increases in use of reclaimed water 
current regulations on water withdrawals may have to adapt to future climate.

Conclusions



Evapotranspiration Method Selection

• What we did
– Evaluated uncertainty in P, T, and ET0 projections using Global 

Sensitivity Analysis and Monte Carlo Filtering

• Why we did it
– To develop an appropriate ensemble of GCMs, ET methods   

and RCP trajectories for evaluating future climate change

• What we found
– Choice of  ET method matters!
– Evaluate impacts of future projections over an ensemble of 

GCMs and a variety of ET methods and RCP trajectories

Methods and Materials

Ref: Chang et al  (2016)



2070-2100 Change in Annual P-ET0 by ET 
method (averaged over GCMs and RCPs)
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