Predicting Everglades nutrient distributions in response to climate change
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Introduction

Aln the coming century, anthropogenic climate change will pose significant threats
the integrity of the south Florida Everglades ecosystem.

ACIimate variability hashe potential to greatly alter existing hydrologic and nutrient
regimes in thé&vergladedecause of its low topographic relief, and unigue hydrolc
conditions, complicating restoratiganning.

AFor the effective future ecosystem restoration of the Everglades, it is critical to
enhance our understanding about the impacts of climate variability on hydroecol
variables in a regional landscape level.

Objective

AThe purpose of this paper Is to evaluate the sensitivity of key variables of the
Everglades ecosystem (surface water depth and net phosphorus accumulation
response to the projection of future climate changs a proof-concept prior to
more formal model assessments.

Modeling approaches

GCM cells for the MRI model in south
Florida region including ELM domain.

AWe used the General Circulation ModelRI-CGCM3,

an upgraded version of MRIGCMZ2.3.3, developed
by the Meteorological Research Institute, Japan
(Yukimoto et al., 2006), to predict current and projec
changes in the climate variables of precipitation,
temperature and specific humidity.

AA hydro-ecological model:verglades Landscape

Model (ELM) (Fitz and Paudel, 2012) was used to
simulate the hydrology and ecology of the ~10,000
greater Everglades region at a 500 m grid resolutio
The ELM downscaled daily data from the four GCM
cells that overlaid the ELM domain, using a simple
Inversedistancesquared interpolatiomethod within
the ELM. Potential (and actual) ET was calculated f
GCM data using methods fro@nhristiansen (1968),
and Fitz et al. (1996).

Climate change modeling scenarios

(a) Historical represents thelimatic conditiondor the period betweeh965 and 2000

(b) Nearternt future climate change under the high emission scenario, A2
(Nakicenvoic et al., 2000), for the period betw2845 and 2050

(c) Long-ternt future climate change under the high emission scenario (A2) for th
period betwee065 and 2100

Assumptions

AHydroIogy: water management operational rules will change In the future in orc
maintain past magnitudes of structure floweespective of Everglades marsh stac

(.e., simple/unrealistic

APhosphorus eutrophication: there willo® changes in phosphorus (P) inpotshe
system from Stormwater Treatment Areas (STAS) relative t@9682000. Existing
Condition Baseline assumptions (i.e., current P inputs).

Acom parisongmong the three scenarios reflect ithlativedifferences among
scenarios, and do not reflect the magnitudes of future responses.
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GCM performances

AGCM-predicted mean annual precipitation (MAP) for
the historical (1962000) period was 1406 mym/
compared to the observed 1316 mnflsing accepted
data used Iin the South Florida Water Management
Model, SFWMM), or 6.8% greater than observed.

Précipitation (cm)

AThere was an overablverprediction biaghn GCM
precipitation, and substantial seasonal differences
between observed and GGbledictions.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Alt may be possible to correct these biases of the GC
outputs, but we leave that to future investigations of
GCM-relationships between predicted precipitation &
other (ET related) climate variables

.GCM predicted average monthly precipitation (famdwhisker
€) IBiot) to observed precipitation (réide).
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ADue to the overall difference in annual mean
precipitation (GCM predicted > observed), a domain
wide parameter was applied to increase actual ET, s
that the precipitatioiie T ratio using GCMderived data
was similar to that from using observed (126%0)
data. (Alternativelythe precipitation from the GCM
could be modified).
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AThis adjustment led to a consistent relationship bet
precipitation and ET, when comparing that relations
between the observed data and the Gdaita.

Predicted monthly average El-ptredicted actual ET using GCM
outputs (boxandwhisker plot) and ELMoredicted actual ET
usingpET from SFWMM data (accepted as close to observed, as
used in both ELM and SFWMM for standard simulatjons

Hindcast simulations of hydrology

AThe hindcasting performance (198000
run) was poorer when used GGitput
data, relative to the calibrated/validated Historical
ELM v2.8.4 performance (Fitz and Paudel,
2012. Inthe GCMdriven model, the
median bias changed from 0 to 3 cm, the
median RMSE increased from 15 to 26
cm, and median NS efficiency decrease
t0 -0.14 from 0.60 (for 82 monitoring
sites).
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é\However, those performance
characteristics were reasonable for the
purposes of oustudy. Whiletemporal
dynamics (i.e., NS efficiency) were not
desirable, largely due to temporal
precipitation differences between
observed and GCM data, the letsgm,
overall bias and RMSE showed adequate
performance.
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Average surface water depths for the period of simulation.
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Phosphorus accumulation

Historical Near-term Long-term

P accumulation
rates duringhree
different climate
change scenarios.
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Relative change Iin
P accumulation
rates under near
term and longerm
scenarios from
historical scenario.

Conclusions and future works

ARelative to historical data, the ndarm and longerm GCM future scenarios had 12% and 16% hig
MAP.

ANoticeany, average stages dhdccumulation rates were sensitive to future projections under high
emission scenario, as reflected by changes in rainfall and ET.

AHydroIogic performance assessment of the ELM using climate data from th&NMMB in Everglades
region demonstrated that the GCM appears limited in its ability to mimic the historical characteris
precipitation; perhaps, the muiodel ensemble results from additional GCMs can better reproduc
historical precipitation trend and reduce the uncertainty in future climate change predictions.

AAIthough we did not make any attempt to investigate future water management operations, this s
be extended by using more realistic water management operations, whether by a) using new SF
simulations based on GCM meteorological inputs, or b) using GCM inputs and invoking very simj
(relative to SFWMM) water management rules within ELM, which (necessarily) ignore water supy
flooding constraints within areas outside the ELM domain.
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