
f

The climate indices were obtained
from the Royal Netherlands
Meteorological LƴǎǘƛǘǳǘŜΩǎClimate
9ȄǇƭƻǊŜǊΩǎwebsite(KNMI2009)

ωEl Nino 3 Climate Index 1880-now,
ERSSTv3b

ωElNino 3.4 ClimateIndex 1880-now,
ERSSTv3b

This study, conducted in support of
TampaBayWater (Figure1.), focuses
on surfacewater supplyforecastingof
the Hillsborough and Alafia Rivers
involving a technique that
incorporateslarge-scaleclimaticdata.
Basedon correlation and composite
analysispreviouslyperformed,Niño 3
and Niño 3.4 indices were found to
have significant correlations with
streamflowsin the TampaBayarea.

Current research involves the Non-
parametric Streamflow Forecast
Model (NSFM)which can be used to
forecast exceedanceprobabilities of
streamflow severalmonths aheadby
exploiting the lag relationship
between streamflow and ENSO in
addition to the serial correlation in
streamflow(Chiew,2005).

Evaluation of the NSFM
ÅUsing streamflow data and specific climate indices previously identified,
performed16 runsof NSFM,4 seasonsfor 4 lagperiodsof 3,6, 9 and12-month
lags
ÅRecordedLinear Error in Probability Space(LEPS)scores: This score is a
measureof skill that wasoriginallyto assessthe positionof the forecastandthe
positionof observedvaluesin a nonexceedanceprobability. Accordingto Tootle
and Piechota(2004), scoresof 10% or greater are generallyconsidereda LEPS
scorewith goodskill.
ÅThiswas repeated for eachstation, first usingonly historical flow, then only
historicalclimateindex,andlastlya combinationof both flowsandclimatedata
ÅRepeatedthis for a total of 4 stations, 2 on the Alafia River and 2 on the
HillsboroughRiver,onelongdatasetandoneshort for eachriver.
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Although a thorough analysis of
model results will be extended to
additional stations in the area, thus
far, the NSFM appears to be a
sufficient tool for forecasting
streamflows during specific seasons
and lags mentioned in the results.
However, it may be beneficial to
investigate further statistical
approaches or, as according to
Golembeskyet al. (2009), multimodal
techniquesthat may prove as better
forecasters.

Future analysis will be performed
which uses forecasted results in
conjunction with the Tampa Bay
Water operating rules for improved
reservoirwater withdrawals.
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STREAMFLOW STATIONS

USGS ID STATION NAME DATA RANGE YEAR SPAN

2301000
North Prong Alafia River at 
Keysville

10/1950 - 9/2008 58

2301300
South Prong Alafia River Near 
Lithia

10/1963 - 9/2008 45

2301500 Alafia River at Lithia 10/1932 - 9/2008 76

Alafia River at Bell Shoals 10/1974 - 9/2008 34

2303000 Hillsborough River Near Zephyrhills10/1939 - 9/2008 69

2303330 Hillsborough River at Morris Bridge10/1972 - 9/2008 36

S160_Adj 10/1974 - 9/2002 28

USGS (2009) and Tampa Bay Water (2008)

Chiew, F. and Siriwardena, L.  (2005).  nsfm
non-parametric seasonal forecast model: 
User Guide.  
http://www.toolkit.net.au/Tools/NSFM

Golembesky, K. Sankarasubramanian, A., and 
Devineni, N. (2009). Improved drought 
management of Fall Lake reservoir: Role 
of multimodelstreamflowforecasts in 
setting up restrictions. Water Resources 
Planning and Management, 135(3), 188-
197. doi:10.1061/(ASCE)0733-
9496(2009)135:3(188).

National Oceanic and Atmospheric 
Association (NOAA) (2008). Sea surface 
temperature datasets. Retrieved 
November 20, 2008 from National 
Climatic Data Center Web site: 
http://lwf.ncdc.noaa.gov/oa/climate/rese
arch/sst/sst.php

National Oceanic and Atmospheric 
Association (NOAA) (2008). NCEP/NCAR 
Reanalysis Monthly Means and Other 
Derived Variables. Retrieved November 
20, 2008 from Earth System Research 
Laboratory Web site: 
http://www.cdc.noaa.gov/data/gridded/d
ata.ncep.reanalysis.derived.html.

The Royal Netherlands Meteorological 
Institute (KNMI) (2009).  Climate Indices.   
Retrieved 2008 from Climate Explorer 
Web site: 
http://climexp.knmi.nl/selectindex.cgi?so
meone@somewhere

Tootle, G. and Piechota, T. (2004).  Suwannee 
River Long Rang Streamflow Forecasts 
Based on Seasonal Climate Predictors.  
Journal of the American Water Resources 
Association (JAWRA) 40(2):523-532.

United States Geological Survey (USGS) 
(2009). Water Data for the Nation. 
Retrieved August 20, 2008 from National 
Water Information System Web site: 
http://waterdata.usgs.gov/nwis.ALAFIA RIVER HILLSBOROUGH RIVER

Figure 1:  Research Area in Tampa Bay, Florida 
r-value

Figure3. R-valuesfor seasurfacetemperaturesin the eastern
Pacificcorrelatedwith streamflowsin the TampaBayarea. Strong
correlations(r-values>/= 0.296at a significanceof 10)
demonstratethe relevanceof the ElNino3 and3.4 indices.

Table 1. Seven streamflow stations monitored by Tampa Bay Water and
used for this research.

Figure 4. Correlation of El Nino 3.4 index with 3-month seasonal averages 
of the mean streamflows for 7 stations in Tampa Bay.

NSFM OUTPUT:  ALAFIA RIVER at LITHIA

Predictor Period: OND
Forecast Period: JFM

Table 2.  NSFM output results for the Lithia station on the Alafia River using OND streamflows to forecast JFM streamflows.  LEPS scores 
for the calibration period prove to have good skill for all three predictors, Flow (15.79), El Nino 3.4 (14.65), and combined predictors Flow 
and El Nino 3.4 (35.58).  During the cross-verification, where one year increments are removed, the LEPS scores decrease however, the 
flow, El Nino 3.4, and combined predictor model still demonstrate a good skill scores of 9.37, 9.81, and 19.87respectively.
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Figure 5. Exceedance probabilities for Lithia station on the Alafia River for JFM streamflows based on the previous
season (OND) streamflows.  The four scenarios represented here are for extreme cases, such as, low flow and low El Nino 3.4
(top left), high flow and low El Nino 3.4 (top right), low flow and high El Nino 3.4 (bottom left), and high flow and high ElNino 3.4
(bottom right).  In the case of high flows and high El Nino 3.4, given that the streamflow for OND is 750 mgdthere is a 35% chance 
that JFM streamflows will exceed OND streamflows using only flow as a predictor.  According to the El Nino 3.4 forecasts, forthis 
ǎŀƳŜ ŎŀǎŜΣ ǘƘŜǊŜΩǎ ŀ 25% chance that the JFM streamflows will exceed OND streamflows.  Lastly, if using the flow and El Nino 3.4
predictors combined, there is about a 70% chance that JFM streamflows will exceed the OND streamflows for 750mgd.

EXCEEDANCE PROBABILITIES

Table 3.  Cross validated LEPS scores for multiple model runs for two 
stations on the Alafia River.  Using El Nino 3.4  and historical flows  as 
a combined predictors, the model results are shown for multiple 
seasons and lags.  The most noteworthy results are for 3-month lags
where the LEPS scores are highest.  The Bell Shoals station also 
demonstrates good results for up to a 9-month lag during JAS and
a 6-month lag during OND.

Table 4. Cross validated LEPS scores for multiple model runs for
two stations on the Hillsborough River.  Using El Nino 3.4  and historical 
flows  as a combined predictors, the model results are shown for
multiple seasons and lags.  During  the 3-month lag periods for JFM, 
AMJ, and OND the LEPS scores are of good skill.  The Zephyrhills 
station also shows significant LEPS scores at the 6-month lag for JFM
and AMJ.

Figure 2.  General location in the Pacific Ocean for sea surface
anomalies, indicating  the various  El Nino Southern Oscillations 
(ENSO).


