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There is too much uncertainty in the development 
of the 1995 Ocklawaha River safe yield estimate of 
165 cubic feet per second (approximately 107 million 
gallons per day) made by the St. Johns River Water 
Management District (SJRWMD) to justify using that 
estimate for current water supply planning purposes.  
That is the primary conclusion resulting from this 
analysis of recent hydrologic trends for the Ocklawaha 
River and a review of the purported bases for the safe 
yield estimate.  

This study found significantly declining trends in 
surface water and spring flow discharges throughout 
the Ocklawaha River Basin, particularly since 2000.  
The average flow from Silver Springs has declined 
more than 30 percent compared to historical averages, 
which is also 30 percent below the flow rate from 
Silver Springs that SJRWMD believed “would maxi-
mize water availability while minimizing the potential 
environmental impacts to the main-stem of the river.”  

SJRWMD has had several opportunities to update 
hydrologic data and recent trends, and to reassess the 
15-year old safe yield estimate.  Technical analyses 
supporting the 1995 study were not updated when the 
study report was essentially re-released unchanged in 
2005.  More recent SJRWMD studies also fail to 
adequately assess hydrologic trends since 1999. 
 Over the past decade, the Ocklawaha River Basin 
(ORB) and most of Florida have experienced two 
years of hurricanes sandwiched in between two major 
droughts that resulted in many period-of-record low 

stream flows and springs flows.  This has occurred 
despite being back into a “warm AMO1 phase” when 
higher than average rainfall and stream flow were 
anticipated.  The unexpected declining hydrologic 
trends, coupled with increased anthropogenic pressure 
on the water resource in portions of the ORB, now 
indicate that the “safe yield” for the Ocklawaha River 
is not as “safe” as determined by a 1995 water alloca-
tion study conducted by the SJRWMD and docu-
mented in 2005. 
 For the decade since 1999, the average flow of the 
Ocklawaha River has declined to 1,049 cubic feet per 
second (cfs), which is 36.3 percent lower than the 
long-term average stream flow (1,647 cfs) represent-
ing a complete climate cycle that includes both a 
warm AMO phase (1930-1969) and a cool AMO 
phase (1970-1999).  Likewise, average flow from 
Silver Springs as measured in the Silver River de-
clined 32.9 percent from the long-term average of 794 
cfs to 533 cfs for the past decade.  Even comparing 
flows in the past decade to the 1970 – 1999 cool AMO 
phase average flows, the average Ocklawaha River 
flow has declined 20.1 percent and the flow in Silver 
Springs has declined 29.7 percent.  The hydrologic 
trends observed for the past decade are difficult to 
explain without further in-depth studies. 

                                                
1 Atlantic Multidecadal Oscillation refers to the warming 
and cooling of sea surface temperatures and their influences 
on Florida climate and hydrology. 
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 The 1995 SJRWMD Ocklawaha River water 
allocation study indicated a safe yield of 165 cfs (~107 
million gallons per day) could be extracted from the 
lower Ocklawaha River without causing unacceptable 
environmental harm.  That safe yield appeared to be 
predicated on discharge from Silver Springs exceeding 
an average of 761.5 cfs to protect the main stem of the 
Ocklawaha River from significant potential environ-
mental impacts.  For the past decade, average Silver 
Spring flow is 228 cfs less than the “protective” flow. 
 A number of technical recommendations have 
been made for consideration relative to the develop-
ment of Minimum Flows and Levels, and the identifi-
cation and selection of dependable water supplies in 
the Ocklawaha River Basin. 

!
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The Ocklawaha River has been poked, prodded 

and studied for more than 100 years.  During the early 
and mid-20th Century, policymakers had a vision that 
they could use the Ocklawaha River as part of a plan 
to connect the Atlantic Ocean with the Gulf of Mex-
ico.  That vision was finally abandoned in 1991 with 
the deauthorization of the Cross Florida Barge Canal.  
In its place, a new vision that the Ocklawaha River 
can supply more than 100 million gallons per day of 
“alternative water supply” to the citizens of Florida 
has been put forth by the St. Johns River Water 
Management District (SJRWMD).  This report sum-
marizes the results of a preliminary investigation to 
review the technical basis for this new vision, and to 
assess whether or not recent hydrologic data support 

the safe yield estimate made by SJRWMD 15 years 
ago. 
!
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The basin of interest here is the Ocklawaha River 
and its tributaries.  The Ocklawaha River Basin 
(ORB) is somewhat unique in that its surface water 
basin and its groundwater basin are geographically 
inconsistent.  The Ocklawaha’s surface watershed 
boundary is difficult to delineate because within it are 
areas that are internally drained and typically do not 
contribute surface water flow to the Ocklawaha River, 
except at perhaps very high water levels.  In addition, 
large springs whose source areas are outside the ORB 
surface watershed boundary contribute groundwater 
discharge to the Silver River, the Ocklawaha River’s 
largest flow tributary. To complicate matters even 
further, large springs located outside of the topog-
raphic basin watershed boundary, but partially sourced 
by groundwater flowing from the ORB, discharge 
water to other basins. 

Figure 1 is a map delineating the ORB watershed 
boundary.  In most areas, the map is consistent with 
the watershed maps maintained by the Florida De-
partment of Environmental Protection (DEP) and 
SJRWMD.  Subbasin boundaries have been adjusted 
to coincide with the locations of surface water gaging 
stations, and a large internally drained area in the 
northwestern portion of the Orange Creek subbasin 
has been excluded from the ORB.   

Previous work often divided the ORB into the 
upper and lower subbasins, with the division occurring 
either at Moss Bluff or at State Road (SR) 40, both of 
which are locations of surface water gaging stations.  
Some studies also designated Orange Creek, which is 
a tributary to the lower Ocklawaha River, as a sub-
basin.  The subbasin above Moss Bluff includes 
numerous lakes as compared to the remainder of the 
ORB.  The ORB has been subdivided into four major 
subbasins for this study as shown in Figure 1.  Hydro-
logic factors support the subdivision of that portion of 
the basin below Moss Bluff into three subbasins.  The 
middle section of the Ocklawaha River valley, located 
between Moss Bluff and Eureka, is a free-flowing 
section of the river that is joined near the middle of 
this section by the Silver River, which emanates from 
Silver Springs.  

Below Eureka, the remainder of the ORB has 
been subdivided into two subbasins:  the lower Ock-
lawaha River subbasin and a subbasin associated with 
Orange Creek, another tributary to the Ocklawaha 
River.  A surface water gaging station measures the 
flow entering the Ocklawaha River from Orange 
Creek. Another major feature of the Basin is the 
Rodman Dam (also known as Kirkpatrick Dam), 
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constructed on the lower Ocklawaha River in the late 
1960s as part of the decommissioned Cross-Florida 
Barge Canal project, forming a pool upstream of the 
dam.  This pool has typically been referred to as 
Rodman Pool, Lake Ocklawaha or Rodman Reservoir, 
with the latter being the most common and used 
within this report.  The most downstream gaging 
station measuring discharge from the lower Ockla-
waha River before it flows into the St. Johns River has 
existed at one of two locations (Riverside Landing or 
Rodman Dam), which are approximately within one 
mile of each other.  The records are sequential, with 
one beginning on the last day of the other.  
!
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The primary objective of this study is to assist in 
evaluating how the current hydrologic conditions of 
the ORB relate to the development of future water 
supplies and in determining natural system needs.  
Review of the existing studies, and their results and 
conclusions, reveals that the studies need to be up-

dated to incorporate recent data and improved 
understanding of hydrologic and climatic concepts 
that have evolved over the past few years.  

Valid assessment of potential water supply 
development requires investigation of the poten-
tial magnitudes of climatic and anthropogenic 
effects on the historic hydrologic condition.  The 
analysis of hydrologic data can provide some 
insights, but spatial and temporal hydrologic 
variations inherent in all natural systems combine 
to make this a challenging exercise.  Emerging 
techniques in hydrologic data collection and 
numerical simulation techniques may offer im-
proved capabilities in addressing this issue, but 
comprehensive investigation of those advance-
ments is beyond the scope of this study. 
!
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Hydrologic records of stage and discharge for 
the major Ocklawaha River Basin gaging stations 
were updated through 2009 to the extent available.  
In addition, rainfall records for selected stations 
were updated.  Selected groundwater data, either 
in the form of groundwater level contour maps or 
time-series water level data, were also updated to 
assess groundwater conditions and trends through 
2009.  Relevant reports and analyses concerning 
the hydrology and the potential safe yield of the 
Ocklawaha River were reviewed, updated or 
expanded to provide additional or supplemental 
interpretations.  Figure 2 shows the locations of 
the hydrologic data stations of interest for this 

study. 
Recent literature on climatic patterns was also re-

viewed.  That information and classical hydrologic 
techniques were applied in the selection of appropriate 
time periods to conduct hydrologic comparisons and 
perform trend analyses.  The potential influences any 
identified hydrologic trends and observations might 
have on conclusions and/or recommendations of 
previous studies were assessed.  Recommendations for 
further studies will be outlined based on the findings 
of this study. 
!
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There have been numerous studies conducted on 
the hydrology and ecology of the Ocklawaha River, as 
well as numerous studies and data collection programs 
that are on going.  The following subsections discuss 
some recent and relevant studies that contain analyses, 
results and conclusions that would be improved by the 
inclusion of more recent hydrologic data and analyti-
cal considerations. 

Figure 1.  The Ocklawaha River Basin and Major Sub-
basins. 
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A number of studies have assessed the hydrology 

of significant portions of the ORB.  An unreleased 
study by Wycoff (Final Draft, 2010) presents a com-
prehensive analysis of surface water flows in the 
ORB.  Wycoff’s report does take into consideration 
the influence of major climatic patterns, a considera-
tion that has only recently become generally accepted 
practice in the analysis of long-term hydrologic time-
series data.  Numerous other published reports evalu-
ating the Ocklawaha River system also exist, but 
shorter data records and a lack of climatic considera-
tions constrain the usefulness of those earlier reports 
and their conclusions.  

The purpose of the Wycoff report (Final Draft, 
2010) is to support the SJRWMD water supply plan-
ning process and the development of minimum flows 
and levels (MFLs).  Previous reports reviewed by 
Wycoff dealing with basin yield included his own 
earlier work, Wycoff (2008) and Tibbals, et al (2004).  
Both of these reports failed to incorporate the now 

recognized influence of climatic variations on 
Florida’s hydrology and, thus, the conclusions 
reached in those reports should not be relied upon 
without a comprehensive re-evaluation of that 
work with consideration of climatic variations.   

Wycoff (Final Draft, 2010) also discussed 
two reviews of the statistical methods used in his 
2008 study, Bloom (2008) and Rouhani (2008), 
but neither of those reviews fully considered the 
influence of climatic variations generally accepted 
in the science today.  Bloom (2008) recognized 
that observed reductions in flow were not linear; 
however, he failed to recognize cyclical variations 
in basin yields.  Rouhani (2008) incorrectly 
assumed the Silver River discharge to be “unal-
tered” and, therefore, inappropriately recom-
mended using Silver River discharge data as a 
“benchmark.”   

Data available now clearly demonstrate that 
the Silver River flows are not “unaltered,” and, 
consequently, cannot be used as a benchmark.  
Based on work by Kelly and Gore (2008) linking 
the Atlantic Multidecadal Oscillation (AMO) to 
Florida rainfall and river flow patterns, Wycoff’s 
re-evaluation (Final Draft, 2010) determined that 
Silver River discharges suggest a “weaker” 
climatic signal than the signal found in the upper 
ORB when comparing two 30-year periods prior 
to and following 1970.  The AMO will be defined 
and discussed in a later section.  

Wycoff (Final Draft, 2010) analyzed flow 
data from October 1932 through September 2007 
for the Silver River, although flow data through 

2009 were available.  Performing a single mass curve 
analysis (cumulative Silver River discharge versus 
time), Wycoff made the following statement.  “Visu-
ally, there is little evidence of a break point in slope of 
the Silver River cumulative discharge curve at or near 
1970. However, there is an apparent mild break 
occurring at about the year 2000 which is concurrent 
with the observed minimum discharge.”   Wycoff 
concluded that an 8.5 percent decline in discharge 
existed between the 1940 – 1969 period and the 1970 
– 1999 period.  No analysis was conducted to quantify 
the “apparent mild break occurring at about the year 
2000”. 

Rao (2008) conducted an analysis of annual low 
flows in the Wekiva River and, assuming that 
groundwater discharges comprise most of the annual 
low flows, concluded that groundwater discharges 
increased approximately 27.5 cubic feet per second 
(cfs) for the 1960 – 2004 period as compared to the 
1936 – 1959/1960 period.  Rao’s conclusion sup-
ported the suggestion by Tibbals, et al (2004) that 
maintenance of high lake water levels may have 

Figure 2.   Hydrologic Data Stations of Interest. 
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caused a transfer of water from the Ocklawaha Basin 
to the Wekiva River.  It is interesting to note that 
Kelly and Gore (2008) considered the Moss Bluff 
discharge record to reflect “altered” flow and they did 
not include it in their analyses relating stream flow to 
AMO variations.  

Wycoff (Final Draft, 2010) concluded, “…that 
much, if not most, of the overall observed decline in 
Moss Bluff discharge, since 1970, could be due to the 
AMO natural climatic cycles.  However, it is also 
considered likely, that some portion of the observed 
stream flow reduction is due to regulation of the 
Harris Chain of Lakes and potentiometric declines in 
the Floridan aquifer, as suggested by Tibbals and 
others (2004).” 

Wycoff (Final Draft, 2010) observed that the dif-
ference between gaged inflows and outflows of the 
lower reach of the Ocklawaha River between Orange 
Springs and Riverside Landing seemed larger than 
expected.  Wycoff used a single average unit rate of 
surface water runoff, despite variable hydrologic and 
geologic conditions within upstream watersheds, and 
multiplied this rate by the estimated ungaged area to 
estimate the potential quantity of ungaged surface 
water inflow to the Rodman Reservoir.  Even after 
including estimates of potential ungaged spring 
inflows, Wycoff concluded a potential gage flow 
overestimate of approximately 12 to 14 percent 
existed for the discharge measurements at Riverside 
Landing.  Another study (Burns & MacDonnell, 2004) 
found that a similar estimation technique resulted in 
excessive water budget error and that it appeared to 
significantly underestimate inflows from the ungaged 
area. 

Wycoff (Final Draft, 2010) concludes that long-
term trends in rainfall and discharge do exist, with one 
break occurring in 1970, which is consistent with the 
reported AMO climatic regimes reported by Kelly and 
Gore (2008).  Wycoff (Final Draft, 2010) also con-
cludes that it is important to understand the influence 
of the AMO on water resource investigations and in 
making sound decisions.  

>%%*'()&*+!8)I21!
In 1994, the Florida Legislature directed the 

SJRWMD to conduct and submit by June 1995 an 
Ocklawaha River Water Allocation Study, with the 
purpose of the study being to recommend water use 
allocations between human consumptive needs and 
natural systems needs.  In a 2005 SJRWMD report,  
Hall (2005 stated that“The water allocation study was 
originally prepared for submittal to the Florida 
Legislature in 1995, but was not published.  Subse-
quent interest in the possible development of the lower 

Ocklawaha River as a source of water supply to meet 
projected future water demands prompted the publica-
tion of this document [i.e., Hall, ed., 2005].  Due to 
editorial changes, this document differs somewhat 
from the original, but the data and analysis presented 
here remain unaltered.”   

Hall (2005) did not cite the 1995 report as a refer-
ence, but a copy was acquired and reviewed (Hall, ed., 
1995).  As indicated, the data and analyses were 
essentially unchanged.  The reported editorial changes 
dealt primarily with the conclusions regarding the safe 
yield estimate.  The 1995 report states:  “More water 
may be available from the ORB for human consump-
tive uses without negative environmental impacts if 
the Ocklawaha River is restored, that is, the dam is 
removed and Rodman Reservoir no longer exists.”  
The 2005 report contains the following statement:  
“The reservoir could likely be operated differently to 
optimize environmental and water supply benefits.” 
However, the 2005 report provided no indication how 
this might be possible.  

The boundary between the upper and lower sub-
basins of the Ocklawaha River as defined by Hall 
(2005) was at SR 40 near Conner, which is down-
stream of the confluence of the Ocklawaha River and 
the Silver River (see Figure 1).  Recall that Wycoff 
(Final Draft, 2010) used Moss Bluff as the demarca-
tion between upper and lower Ocklawaha River.  In 
the redefinition of subbasins for this study, the lower 
Ocklawaha River subbasin lies below the gaging 
station at Eureka, which is downstream of Conner.  In 
any case, the lower Ocklawaha River subbasin ulti-
mately includes the flow from Silver River.  There-
fore, the analyses and interpretations of downstream 
flows from the lower Ocklawaha River in this and 
other reports are, for the most part, comparable when 
appropriate areas are utilized in the analyses.  

Hall (2005) reported that the 1995 study was con-
ducted in two Phases.  Groundwater flow models were 
used in Phase 1 to determine the impact of groundwa-
ter withdrawals on spring flows (which, in many 
cases, contribute flow to either the Ocklawaha River 
or the Silver River).  Phase 2 used surface water 
hydrologic models to simulate the Phase 1 effects on 
stream flows and lake levels in order to evaluate the 
potential impact on specific natural systems.  Human 
water use needs were inventoried for 1990 and pro-
jected for 2010.  Existing floodplain elevation tran-
sects within the major water bodies/water courses 
were used to define the range and mean elevations of 
the floodplain vegetation communities.  Interpreta-
tions were then made by comparisons of existing and 
predicted stage-duration analyses, range of water level 
fluctuations, and mean period-of-record high and low 
stage frequency analyses. 
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A quantitative hydrologic evaluation was con-
ducted to determine the quantity of surface water that 
could be removed from the lower Ocklawaha River 
(i.e., Rodman Dam area) without causing unaccept-
able environmental impacts as determined by the 
following methodology.  “The range and mean 
elevations of the floodplain vegetation communities 
were compared to the existing and predicted stage 
duration analyses, range of water level fluctuation 
(the difference between the minimum and maximum 
water levels), and mean period of record high and low 
stage frequency analyses for selected durations 
(number of consecutive days a water level was 
equaled or exceeded) for each major water body.”  
Four surface water withdrawals were simulated (0, 
165, 250, and 330 cfs) under 3 different surface water 
management alternatives, with the potential environ-
mental impacts discussed for each.   

For one management scenario comparing existing 
conditions (defined as 1990 groundwater use condi-
tions) to projected 2010 groundwater use conditions, 
Hall (2005) concluded negligible hydrologic and 
natural system impacts throughout the lower ORB.  
The next management scenario evaluated the with-
drawal of surface water for human consumptive uses 
from the lower Ocklawaha River at the rates presented 
above (0, 165, 250, and 330 cfs).  The results of these 
analyses were summed up in the following statement 
in the Summary and Recommendations section (Hall, 
ed., 2005, p. 108). 

“Based on the ecological and hydrologic 
evaluations in this report, a safe yield of !165 cfs 
(106.6 million gallons/day) could be withdrawn 
from either the Rodman Reservoir or the river 
channel (under Full Restoration-2010) without 
causing unacceptable environmental harm.” 
Hall (2005) further states in the Summary and 

Recommendations section “A more accurate assess-
ment of water availability can be completed only after 
minimum flows and levels are established for the 
major water bodies of the basin, implemented, and 
incorporated into a basinwide surface water manage-
ment plan, which addresses the water supply potential 
of the LOR [Lower Ocklawaha River] under different 
reservoir management options and river restoration 
strategies.” 

This latter recommendation differs somewhat 
from statements in the same report regarding the 
accuracy of water assessments for ORB, which are 
dependent upon the hydrologic requirements of the 
natural systems (Hall, ed., 2005, p. 38). 

“The accuracy of these assessments is de-
pendent upon (1) the knowledge of the hydrologic 
requirements of aquatic and wetland species and 
communities, (2) the types and quantity of field 

data from the area being assessed, and (3) the 
quality of predictive modeling tools.  The knowl-
edge base of hydrologic requirements of aquatic 
and wetland species is considered limited at this 
time.  Improved understanding of the water re-
quirements of Florida’s ecosystems, coupled with 
improved predictive computer models (including 
data required to calibrate and verify these mod-
els), and better understanding of surface and 
groundwater interactions will result in more ac-
curate estimates of water availability in the fu-
ture.” 
All of the analyses were reportedly conducted us-

ing a hydrologic (surface water) simulation model of 
the ORB for the period from 1933 to 1992.  Because 
the physical characteristics of the ORB have changed 
significantly over the past 100 years, the model was 
reportedly developed to simulate then present day 
(i.e., 1995) basin conditions and existing and proposed 
2010 conditions, with a modified surface water level 
regulation schedule for the 2010 simulations aimed at 
maintaining water levels at 18 feet, National Geodetic 
Vertical Datum of 1929 (ft. NGVD), to the degree 
possible, in Rodman Reservoir while maintaining 
reservoir discharge at or above minimum desirable 
levels for downstream conditions.  However, the 
simulated stage-duration graph for existing conditions 
in the Ocklawaha River Above Rodman Dam shows 
the minimum simulated stage of 17.90 ft NGVD, 
which is inconsistent with observed stage data for the 
Ocklawaha River Above Rodman Dam from 1968 to 
1992 that will be discussed later in this report.  This 
indicates that the surface water regulation schedule 
used in the simulation was different from what had 
actually occurred. 

Citations are made to two other applications of 
hydrologic simulation models, but one was completed 
for the upper Ocklawaha River subbasin and the other 
for the Orange Creek subbasin.  No information was 
provided, nor were there any references cited, con-
cerning the development, calibration, limitations and 
appropriate use for the basin-wide simulation model 
used to determine the safe yield for the Ocklawaha 
River.  

A review of historical Ocklawaha River reports 
found a description of a hydrologic model in Volume 
10 of the Environmental Studies Concerning Four 
Alternatives for Rodman Reservoir and the Lower 
Ocklawaha River, which is entitled “Hydraulic and 
Hydrologic Evaluations of Various Alternatives for 
Rodman Reservoir” dated December 15, 1994 (Rao, 
Karama and Freeman, 1994).  Based on the text and 
selected graphs, the hydrologic model described in 
Volume 10 does appear to be the simulation model 
referred to by Hall (ed. 2005).  The model, known as 
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the SJRWMD hydrologic simulation model 2 
(HSM2), was developed by SJRWMD.  Only a draft 
version of an in-house user’s manual was available in 
1994.  A search of the current SJRWMD website for 
additional model information and use was unsuccess-
ful. 

Two calibration periods were reported.  Existing 
conditions (with the Rodman Reservoir) were cali-
brated to flow and stage conditions from January 1988 
through September 1992.  The 3-year period from 
1944-1946 was used to calibrate full restoration 
conditions.  The simulated 1988-1992 flows at Rod-
man Dam were compared to flow estimates reported 
both by the USGS and the US Army Corps of Engi-
neers (USACOE).  It was noted in the report that the 
USGS flow estimates are about 9 percent higher than 
the USACOE flow estimates for the 1988-1992 
period.  A preliminary comparison of simulated and 
observed average monthly flows suggests the model 
might under predict flows for above-average rainfall 
conditions and over predict flows for below-average 
rainfall conditions.   

Further evaluation of the hydrologic model and 
the results from that model used in the determination 
of safe yield as reported by Hall (ed., 2005) is beyond 
the scope of this study.  However, the potential simu-
lation bias that may be present in the model results 
presents concerns regarding the accurate determina-
tion of safe yield for the Ocklawaha River. 

Hall (2005, p. 101) also stated that because flows 
from Silver Springs is a significant contribution to the 
Ocklawaha River base flow, further reductions of 
spring discharges below the 2010 predicted level, 
given as 761.5 cfs in Hall’s Table 1, “may signifi-
cantly impact downstream reaches”.  Presumably, 
Hall’s safe yield of !165 cfs in the lower Ocklawaha 
River assumes the Silver Springs flow is equal to or 
greater than the 2010 predicted level of 761.5 cfs. 

!
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This section summarizes the work completed to 

update information regarding the hydrology of the 
ORB.  The primary focus here is surface water, but 
how climate, rainfall, spring flow, and groundwater 
flows and levels influence surface water flows and 
stages are also investigated.  The primary data sources 
are the USGS, SJRWMD, and the National Climatic 
Data Center (NCDC).  Some stations have been 
known by more than one name, but preferences for 
station names are given to those currently being used 
by the agency collecting the data. 

6';%(<(7(!.&=/3!?(,&+!?*I+2(3&/,!
Figure 1 presented earlier herein shows the sur-

face watershed boundary delineation of the ORB and 
the four subbasins identified for purposes of this 
study.  Recall that Silver Springs is located in the 
middle Ocklawaha River subbasin.  Silver River 
collects the flow from the Silver Springs group.  The 
surface water watershed for the Silver River is small; 
therefore, Silver River is predominately groundwater 
base flow maintained by spring flow.  

Various investigators have delineated springsheds 
for Silver Springs.  The basis for springshed delinea-
tion is typically a groundwater level contour map, 
which, in part, is dependent upon the number and 
locations of monitor wells used to prepare the map.  
Groundwater level contour maps are also developed 
assuming porous media flow; whereas spring flow is 
characteristic of karst flow as well as porous media 
flow.  Because of this, there is uncertainty in delineat-
ing springsheds. 

A review of the available information indicates 
that the springshed delineation originally developed 
by Faulkner (1973) and modified by Rosenau, et al 
(1977) may be the most accurate.  That study utilized 
the largest number of groundwater monitor wells in 
the development of a 1968 groundwater level contour 
map prepared as part of the hydrologic studies for the 
Cross Florida Barge Canal.  Comparing Faulkner’s 
1968 groundwater level contour map for the Upper 
Floridan aquifer system (UFAS) to more recent maps 
prepared by the USGS and others clearly indicates that 
Faulkner utilized significantly more monitor wells in 
the area surrounding Silver Springs.  Therefore, 
Faulkner’s delineation is used in this study. 

Figure 3 adds the Silver Springs springshed 
(Rosenau, et al, 1977) to Figure 1.  Note that ap-
proximately 30 percent of the springshed for Silver 
Springs is located outside of the ORB.  For those 
portions of the ORB west of the Silver Springs spring-
shed, groundwater flow is westward away from the 
basin and does not contribute to Ocklawaha River 
flow.  The area west of the Silver Springs springshed 
includes the internally drained portion of Orange 
Creek and approximately one third of the Orange 
Creek subbasin.  Also added to Figure 3 are a number 
of springs located east of the ORB that may receive a  
portion of their flow from groundwater originating in  
the ORB. 

As can be seen from Figure 3, the delineation of 
the ORB is not straightforward, and depending upon 
the type of hydrologic analysis being conducted, the 
“area of interest” may vary.  Developers and users of 
“unit” statistics, such as discharge per square mile, 
must exercise caution in applying unit statistics in this 
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basin because of springsheds located 
outside of the ORB.  Any groundwater 
base flow that would typically be 
expected to discharge to Orange Creek 
actually exits at Silver Springs, thus 
distorting unit statistics for several 
subbasins of the Ocklawaha River.  

Table 1 lists the area of the de-
lineated surface watersheds for the 
four designated subbasins for this 
study.  Also provided in Table 1 is the 
area of the surface water non-
contributing portion of the Orange 
Creek subbasin and the area represent-

ing the Silver Springs springshed located outside 
of the ORB. No delineated springsheds could be 
located for many of the springs east of the ORB, 
although many of those springs appear to have 
source areas originating in the ORB. 

Several watershed areas included in Table 1 
can be compared to previous values estimated by 
SJRWMD and the USGS as reported by Wycoff 
(Final Draft, 2010).  SJRWMD listed the subbasin 
area upstream of Moss Bluff as 820.9 square miles 
(mi2), with the USGS indicating 879 mi2, the latter 
comparing favorably with Table 1.  For Orange 
Creek, the USGS listed the watershed area as 469 
mi2, with SJRWMD indicating an area of 407.1 
mi2, the latter comparing favorable with Table 1.  
For the ORB at Rodman Dam, the USGS has a 
total watershed area of 2,097 mi2, with SJRWMD 
indicating a total area of 1,968 mi2, the latter 
comparing favorably with Table 1. 
!
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It has now become generally accepted that 
climate variations influence rainfall patterns in 
Florida.  Foremost among these climate variations 
is an effect related to long-term fluctuations in sea 
surface temperatures in the Atlantic Ocean, a 
phenomenon that has been labeled the Atlantic 
Multidecadal Oscillation (AMO).  Numerous 
studies have assessed trends in Florida rainfall and 
stream flow, but it was not until about 2002 that 
the AMO began to emerge as a significant con-
tributing factor in the observed variations in 
rainfall and stream flow.  

 
Table 1.  Areas of Subbasins and Other Areas of Interest in Ockla-

waha River Basin. 
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Upper  

Ocklawaha River 
Surface Watershed Area Upstream of  

Moss Bluff Gaging Station 877.61 

Middle  
Ocklawaha River 

Surface Watershed Area Between  
Moss Bluff and Eureka Gaging Stations 354.7 

Orange Creek Contributing Watershed Area Upstream of 
Orange Springs Gaging Station 406.5 

Lower  
Ocklawaha River 

Surface Watershed Area Between  
Eureka and Rodman Dam Gaging Stations 323.5 

Ocklawaha River 
Basin 

Total Contributing Surface Watershed 
Area Upstream of Rodman Dam 1,962.3 

   
Silver Springs Springshed Area Outside of  

Ocklawaha River Basin Surface Watershed 217.5 

Upper  
Orange Creek 

Internally Drained Area Not Contributing 
Surface Water Flow to Ocklawaha River 116.6 

1 – Areas are in square miles 

Figure 3.   Silver Springs Springshed Relative to Ockla-
waha River Basin. 
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However, climatic variations are more complex 
than just the AMO.  As indicated in Appendix A, 
several other climatic factors should also be consid-
ered.  What this means for hydrologic studies is that 
the selection of appropriate time periods for data 
analyses must include consideration of climatic 
variations, and data evaluation periods need to be 
based on observed data trends and not on arbitrary 
periods that resemble certain climatic variables. 

Based on information regarding the AMO pat-
terns contained in Appendix A, and on the previous 
work by Kelly and Gore (2008), Wycoff (Final Draft, 
2010) and on work conducted for this study, the time 
periods listed in Table 2 have been chosen to assess 
potential changes and trends in hydrologic  
 data collected in the ORB. 

Rainfall data were updated for three stations (see 
Figure 2); Palatka, Ocala and Lisbon.  Several investi-
gators have identified a break in rainfall trends occur-
ring about 1970.  Kelly and Gore (2008) compared 
two 30-year periods pre- and post-1970.  Wycoff 
(Final Draft, 2010) analyzed two different pre-1970 
periods, the 30-year period used by Kelly and Gore 
(2008) and a 40-year period beginning in 1930, to 
compare to the 30-year post-1970 period.  Wycoff 
found little difference in the comparative results.  The 
40-year pre-1970 period is more consistent with the 
length of the warmer AMO phase and will be used 
within this report given available data.  

Another period, from 1930 to 1999, will also be 
evaluated for selected data.  This 70-year period 
includes both a warm and a cool AMO period, and is 
considered to best represent a long-term average.  
Recent analyses have also exhibited another break in 
rainfall and discharge data occurring in approximately 
2000.  Previous investigators may not have observed 
this latter break due to shorter data sets.  Given that 
there is a decade of data since the end of 1999, the 
break in the trend in 2000 cannot be ignored. 

Figure 4 compares the 
average annual rainfall for 
the 3 stations of interest for 
the period from 1930 to 
2009.  Also shown on Figure 
4 is the average rainfall for 
each period of interest.  
Table 3 presents the average 
rainfall for the 3 stations for 
the periods of interest.  Both 
the Ocala and the Palatka 
stations recorded an ap-
proximate 8 percent decline 
in rainfall between the warm 
and cool phases of the 

AMO, but not Lisbon.  When comparing the average 
rainfall for the last 10 years to the long-term average 
estimate, Lisbon and Ocala both experienced an 
approximate 5 percent decline in rainfall, but Palatka 
showed a small increase.  

Although sea surface temperatures since 1995 in-
dicate a warm phase of the AMO, two of the three 
stations of interest show a relatively significant 
decline in average rainfall for the 2000 – 2009 decade.   
The evaluation of rainfall trends over a wider geo-

Table 2.  Time Periods Selected for Hydrologic Analysis. 
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1930 – 1969 Warm AMO phase Generally above average rainfall and 
stream flow 

1970 – 1999 Cool AMO phase Generally below average rainfall and 
stream flow 

1930 – 1999 1 Complete AMO 
cycle 

Considered best estimate for long-
term averages 

2000 – 2009 Warm AMO phase 
Rainfall and stream flow are highly 

variable, but below Cool AMO 
averages 

 

Figure 4.   Annual Rainfall at Selected Stations in 
Ocklawaha River Basin. 
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graphical area of Florida needs to be completed before 
definitive patterns can be identified for rainfall since 
2000. 
!
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Records of surface water stage and flow at the 
gaging stations exiting the four major Ocklawaha 
River subbasins, and for Silver Springs, and hence, the 
Silver River, were updated and analyzed.  In addition, 
a short-term record for a gaging station located on 
Deep Creek near Kenwood was analyzed to assess the 
potential contribution of the ungaged tributaries of the 
lower Ocklawaha River subbasin.  Flow from this 
ungaged area and its effect on Ocklawaha River 
discharge have been estimated by several investiga-
tors.  The entire Deep Creek subbasin lies north of the 
Ocklawaha River at Rodman Dam and encompasses 
approximately 55 square miles.  Deep Creek has 
several tributaries, including Sweetwater Creek, 
Alligator Creek, Gum Creek and Poley Branch.  Some 
flow from Camp Branch now enters the Ocklawaha 
River above Rodman Dam due to construction of a 
portion of the Barge Canal. 

!8)3/(#!8)(4/!@/=/%,!
Stage hydrographs were prepared for the gaging 

stations of interest to illustrate the variations and 
trends in surface water levels.  Several inquiries were 
made to the USGS to acquire and verify data received.  
Some issues with reported datum of several gages 
were resolved, but some questions remain, as dis-
cussed later. 

The upper panel of Figure 5 is the period-of-
record (POR) data for the Ocklawaha River above 
Moss Bluff.  The stage is usually around 58 – 59 ft 
NGVD, with several instances of water levels more 
than 5 ft lower than general.  Tibbals, et al (2004) 
presented a mean annual water level hydrograph 
beginning around 1920 for Lake Griffin, which is 
upstream of Moss Bluff.  The Lake Griffin mean 
annual water levels generally ranged between 56 and 
60 ft NGVD prior to 1940, but water levels after 1970 

were consistent with the upper panel of 
Figure 5.  The average stage above 
Moss Bluff was 57.83 ft NGVD for the 
1970 – 1999 period and 57.40 ft NGVD 
for the 2000 – 2009 period. 

There is also a stage record for 
Ocklawaha River at Moss Bluff water 
levels downstream of the Moss Bluff 
structure as shown in the lower panel of 
Figure 5.  There is an 8 or 9 ft disconti-
nuity in the stage data that occurs in the 
early 1970s.  No explanation could be 

found in on-line USGS records.  A further discussion 
of this record occurs below. 

The Silver River joins the Ocklawaha River 
above the gaging station at Conner, which is at SR 40.  
Flow in the Silver River is mostly comprised of 
groundwater discharge from the Silver Springs group 
as Silver River has a small surface watershed.  Figure 
6 shows the POR stage data for the main pool of 
Silver Springs.  The average stage for the 1947 – 1969 
period is 40.11 ft NGVD; it declines to an average of 
39.54 ft NGVD for the 1970 – 1999 period.  For the 
complete AMO cycle, the average stage of the Silver 
Springs was 39.79 ft NGVD.  Since 2000, the Silver 
Springs stage has averaged 39.93 ft NGVD, which is 
slightly higher than the Cool AMO average. This 

Table 3.  Average Annual Rainfall in Inches for the Ocklawaha 
River Basin. 

 
5"N:!D:."6E!
OB(%/+2(3!
9/(3,P!

>N6!
D0>8:!

@"8?6C! 6B>@>! D>@>5Q>!

1930 – 1969 Warm 49.15 54.66 54.16 
1970 – 1999 Cool 48.83 50.68 49.31 
1930 – 1999 1 Cycle 49.02 52.95 52.08 
2000 – 2009 Warm 46.33 50.31 52.35 

 

Figure 5.   Stage Hydrographs for Ocklawaha River 
Above Moss Bluff (top panel) and At Moss 
Bluff (bottom panel). 
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increase might be due to channel conditions in the 
Silver River or shifts in gage locations.  Since 2000, 
combination of lower groundwater levels in the Silver 
Springs springshed (to be discussed later) and the 
slightly higher Silver River stage would be consistent 
with having less discharge from Silver Springs.   

The POR stage graph for the Ocklawaha River at 
the Conner gaging station is shown in Figure 7.  There 
is a gap in the stage record from 1946 to 1963. The 
average stage for the 1930 – 1969 period is 37.01 ft 
NGVD; it declines to an average of 36.05 ft NGVD 
for the 1970 – 1999 period.  For the complete AMO 
cycle, the average stage of the Ocklawaha River at 
Conner was 36.47 ft NGVD.  Since 2000, the Ockla-
waha River stage at Conner has averaged 35.87 ft 
NGVD.  The stage levels for the Ocklawaha River at 
Conner are consistent with variations in discharges. 

A comparison was made of the Ocklawaha River 
stages at Conner to the Ocklawaha River at Moss  
Bluff to assess consistency of records.  Figure 8 is a 
graph of the difference in stage elevations.  Given that 
the Moss Bluff station is approximately 13 river miles 
upstream of the Conner gage, one would assume that 

the difference in stages would be positive by several 
feet.  However, the difference has been negative for 
approximately 60 percent of the time since 1975.  The 
USGS website indicates that the rating curves are 
being revised for the Moss Bluff gage.  It would also 
appear that there might be an issue with gage datum at 
the Moss Bluff gage in the reported data.  

The next Ocklawaha River gage of interest is at 
Eureka, which has two gaps in the stage data as shown 
in Figure 9. The average stage for the 1930 – 1969 
period is 21.04 ft NGVD; it declines to an average of 
20.32 ft NGVD for the 1970 – 1999 period.  For the 
complete AMO cycle, the average stage of the Ockla-
waha River at Eureka was 20.63 ft NGVD.  Since 
2000, the Ocklawaha River stage at Eureka has 
averaged 20.17 ft NGVD. The stage levels for the 
Ocklawaha River at Eureka are consistent with varia-
tions in discharges. 

Orange Creek flows into the Ocklawaha River 
approximately 13.6 river miles downstream of Eureka, 
and its stage and flow are monitored at the gaging 

    Figure 6.  Stage Hydrograph for Silver Springs Near 
Ocala. 

    Figure 7.  Stage Hydrograph for Ocklawaha River 
Near Conner. 

   Figure 8.   Difference in Stage for Ocklawaha River 
At Moss Bluff Minus Ocklawaha River 
Near Conner.   

 

    Figure 9.   Stage Hydrograph for Ocklawaha River 
At Eureka. 
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station at Orange Springs.  The stage record shown in 
Figure 10 is fairly continuous since 1955, with only a 
couple of small data gaps. The average stage for the 
1955 – 1969 period is 24.20 ft NGVD; it declines to 
an average of 22.47 ft NGVD for the 1970 – 1999 
period. For the 1955 – 1999 period, which is assumed 
to representative of the average for the complete AMO 
cycle, the average stage of the Orange Creek at 
Orange Springs was 23.02 ft NGVD.  Since 2000, the 
Orange Creek stage at Orange Springs has averaged 
21.75 ft NGVD.  The stage levels for Orange Creek at 
Orange Springs are consistent with variations in 
discharges. 

The next downstream station of interest on the 
Ocklawaha River records the stage of the Ocklawaha 

River Above Rodman Dam.  Prior records were 
reported under the station name Lake Ocklawaha Near 
Orange Springs.  Figure 11 shows the combined POR 
stage record that began in 1968.  The stage generally 
averages approximately 18 ft NGVD until 1995, but 
the average stage has increased to approximately 19.5 
ft NGVD today.  There are numerous periods of lake 
drawdown evident in the stage record.  Although 
somewhat sporadic in the early years, a pattern of a 
major drawdown occurring every three years is 
evident since approximately 1986.  Since 1995, a 
minor drawdown has occurred in each of the 2 inter-
vening years. 

 Average stages for periods of interest are not cal-
culated because the operation schedule for the Ockla-

waha River Above 
Rodman Dam has 
changed and the stages do 
not have any relevance to 
natural patterns that 
influence the rest of the 
ORB.  However, the 
higher average stage since 
2000 is not consistent 
with the observed decline 
in discharges, indicating 
anthropogenic influences 
due to water level ma-
nipulations for Rodman 
Reservoir.   

An evaluation was 
made of the timing and 
durations of the various 
drawdown events in the 
stage record.  Table 4 
summarizes the 3 major 
drawdown events and the 
7 minor drawdown events 
that have occurred since 
1999.  The events occur 

 
Table 4.  Summary of the Duration and Magnitude of Drawdown Events in Ocla-

waha River At Rodman Dam Since 1999. 
 

9/(3!

5&#/!)*!
E3(<2*<+!
EI3()&*+!
O2(1,P!

N(R&#I#!
E3(<2*<+!
EI3()&*+!
O2(1,P!

5&#/!)*!
./'*=/3!
EI3()&*+!
O2(1,P!

5*)(%!
:=/+)!

EI3()&*+!
O2(1,P!

N(R&#I#!
E3(<2*<+!

O-)P!

Major Drawdown Events (~ 3 years) 
2001-2002 42 69 106 217 9.8 
2004-2005 41 66 43 150 9.5 
2007-2008 63 58 58 179 9.3 
Average 49 64 69 182 9.5 

Minor Drawdown Events (Intervening 2 years) 
1999-2000 34 40 77 151 2.1 
2000-2001 63 23 39 125 3.0 
2002-2003 59 20 35 114 2.9 
2003-2004 45 44 12 101 2.8 
2005-2006 14 77 51 142 2.7 
2006-2007 27 35 80 142 2.8 
2008-2009 33 70 80 183 2.7 
Average 39 44 53 137 2.7 

 

 Figure 11.  Stage Hydrograph for Ocklawaha River 
Above Rodman Dam. 

Figure 10.  Stage Hydrograph for Orange Creek At 
Orange Springs. 
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during the winter and last between four and seven 
months in duration.  The occurrences of large rainfall 
and runoff events during the drawdown events have a 
significant influence on the durations of the different 
phases of the drawdown events.  A review of the 
minimum daily average discharges at Rodman Dam 
during the recovery phase of each of 14 annual draw-
down events from 1996 to 2009 indicated minimum 
daily average discharges less than 500 cfs at Rodman 
Dam occurred during 9 of the 14 years, with the 
lowest discharge of 128 cfs occurring in 1999.  

Electronic records of stage are available for the 
Ocklawaha River at Rodman Dam as shown in Figure 
12 beginning in 1968.  Located downstream of the 
dam, these stages represent stages in the Ocklawaha 
River upstream of the undisturbed section of the 
Ocklawaha River before it enters the St. Johns River. 
The average stage for the 1970 – 1999 period is 4.53 ft 
NGVD.  Since 2000, the Ocklawaha River at Rodman 

Dam has averaged 3.84 ft NGVD. The stage levels for 
the Ocklawaha River at Rodman Dam are consistent 
with variations in discharges. 

As stated earlier, no electronic data set is avail-
able for the discontinued gaging station for the Ock-
lawaha River at Riverside Landing, which was located 
downstream of the Rodman Dam. 
!!
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 Average discharges for the stations of interest for 
each of the periods of interest are summarized in 
Table 5.  Data periods for discharge generally coin-
cide with stage graphs presented in the previous 
section.  For some stations, electronic files of dis-
charge data exist without corresponding electronic 
files of stage.  Although more complete composite 
discharge records have been or can be developed for 
selected stations, the length of the available data in 
each period of interest is assumed to be adequate to 
represent that period. 

As can seen from Table 5, each station experi-
enced a decline in flows during the Cool AMO phase 
from 1970 – 1999 as compared to the previous Warm 
AMO phase from 1930 – 1969.  The declines ranged 
from 8 percent at Silver River to approximately 51 
percent for Orange Creek.  The percent decline was 
least in the Silver River, which is a groundwater 
discharge system that is not influenced by direct 
surface water runoff.  The approximate eight percent 
decline in average Silver River flow is consistent with 
a similar percentage decline in average rainfall at the 
Ocala station between those two periods, which likely 
translates to a similar decline in groundwater recharge 
within the Silver Springs springshed.  The large 
decline in Ocklawaha River flow at Moss Bluff does 

not correlate 
well with rainfall 
at Lisbon, which 
declined less 
than one percent 
between those 
two periods.  
Several re-
searchers, 
including Tib-
bals, et al., 
(2004), found 
that the decline 
in flows began 
about 1960 in 
this area and 
have postulated 
other reasons 
(e.g., drought, 

 
Table 5.  Summary of Average Stream Discharges At Stations of Interest for the Ockla-

waha River Basin.  
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Ocklawaha River 
at Moss Bluff 3781 197 256 177 

Silver River 
Near Ocala 823 758 794 533 

Ocklawaha River 
at Eureka 1,416 1,069 1,215 881 

Orange Creek 
at Orange Springs 181 89 134 46 

Ocklawaha River 
at Rodman Dam2 2,029 1,313 1,647 1,049 

1 – All units in cfs 
2 – Ocklawaha River at Riverside Landing Prior to 10/1/1968 

 Figure 12.  Stage Hydrograph for Ocklawaha River 
At Rodman Dam. 
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lake management, pumping) for the decline in flows 
from the upper ORB.  Further evaluation of plausible 
reasons is beyond the scope of this study. 

The single most significant trend evident in the 
data is the magnitude of flow declines at all stations in 
Table 5 since 2000.  Flow declines range from 27 to 
66 percent when the average for the period 2000 – 
2009 is compared to the full AMO cycle average.  The 
percentage decline in Silver River flow and Ockla-
waha River at Rodman Dam flow was 33 and 36 
percent, respectively.  Rainfall at Ocala for the last 
decade was five percent less that the average rainfall 
at Ocala for the full AMO cycle period, which does 
not correlate well with the decline in flows.  This 
suggests other possible factors must be influencing 
flow, which will be discussed later in this report. 

E//$!B3//;!+/(3!Q/+<**2!E&,'7(34/!
Wycoff (Final Draft, 2010) addressed a larger 

than expected increase in flow in the lower Ocklawaha 
River subbasin prior to the construction of Rodman 
Dam by evaluating incremental flows between se-
lected gaging stations for the 1943 – 1952 period of 
concurrent data.  Three possible reasons were postu-
lated:  

• increased surface water runoff;  
• increased local spring discharge and/or 

groundwater inflow; and/or 
• possible gaged flow overestimate.  

Surface water runoff from the ungaged area was 
estimated by Wycoff (Final Draft, 2010) using yield 
ratios of upstream watersheds, which likely underes-
timates ungaged runoff because of hydrologic and 
geologic differences.  Local spring flow was esti-
mated, but couldn’t reasonably explain the differ-
ences.  Groundwater base flow was not addressed.  
Wycoff (Final Draft, 2010) estimated the increase in 
surface water runoff from the ungaged area to be 39 to 
64 cfs, leaving a potential gaged flow overestimate of 

approximately 350 cfs at Riverside Landing. Wycoff 
stated that any such gaged flow overestimate termi-
nated with the discontinuance of the Riverside Land-
ing gage and has no effect on flows measured since 
1968. 

In searching for electronic flow data, a short re-
cord was acquired for a small subwatershed of Deep 
Creek.  Figure 13 is a discharge hydrograph showing 
measured flows from May 1995 to October 1998 for 
Deep Creek near Kenwood.  Average daily flows 
reached a maximum of nearly 100 cfs during the 
period, and the base flow did not drop below 13 cfs 
during the monitoring period.  The area upstream of 
the gage is approximately seven square miles and the 
small subwatershed contains a large swampy area.  
The large base flow suggests the presence of signifi-
cant seeps and/or springs in the swampy area of the 
subwatershed.   

The total discharge for the small subwatershed of 
Deep Creek is calculated to be approximately 150 
inches during the measurement period.  The Palatka 
rainfall station measured a total of approximately 200 
inches of rainfall during the same period, which 
included 4 rainy seasons. The characteristics of the 
Deep Creek subbasin, i.e., high slopes, sandy soils and 
the presence of the underlying Hawthorn Group semi-
confining layer, would suggest that higher than normal 
discharge from the entire Deep Creek subbasin is 
hydrologically plausible.  It is interesting to note that 
the estimated 20 cfs average flow observed in Figure 
13 for the small 7-square mile subwatershed is one-
half to one-third of the total ungaged flow estimated 
by Wycoff (Final Draft, 2010) for the total ungaged 
area between the Ocklawaha River gaging stations at 
Orange Springs and Riverside Landing, a 132 mi2 area 
as estimated by SJRWMD or a 90 mi2 area as esti-
mated by the USGS. 

Some records indicate a gaging station may have 
been located further down Deep Creek where it 
crosses County Road 310, but no electronic records 
were located.  The Rodman Reservoir would have 
influenced a gage at that location after 1968.  If those 
records do exist, review and analysis would provide 
improved insight into the quantity of ungaged inflow 
that might be occurring from the entire Deep Creek 
subbasin that encompasses approximately 55 square 
miles.  Such analysis is beyond the scope of this study. 

Wycoff (Final Draft, 2010) had assumed that any 
potential gage flow overestimate at the Ocklawaha 
River at Riverside Landing gaging station would have 
terminated when flow measurements were transferred 
to Rodman Dam in 1968.  An analysis of average 
measured inflows and outflows to Rodman Reservoir 
during those portions of time that reservoir levels are 
essentially unchanged, and hence there is no change in 

Figure 13.  Discharge for Deep Creek Near Kenwood. 



 

 
 
Implications of Recent Hydrologic Trends 
On the Safe Yield Estimate for the Ocklawaha River  Page 15   

reservoir storage, for the 2001 – 2009 period indicates 
an average ungaged inflow into Rodman Reservoir of 
approximately 250 cfs.   

This estimate of ungaged flows is expected to be 
comparable to Wycoff’s estimate of ungaged inflows 
plus potential gage flow overestimate when differ-
ences in rainfall between the two periods of times are 
taken into consideration.  It is likely that there is no 
significant gaged flow overestimate.  The differences 
in measured flows are likely due to the contributions 
from the ungaged Deep Creek subbasin and the 
ungaged Little Orange Creek subbasin. 
!
0123*4/*%*41!

The effect of groundwater on flows in the ORB 
depends significantly on location.  Obviously, the 
most dominant influence is Silver Springs.  Numerous 
other springs exist throughout the basin, and even 
adjacent to the basin, influencing surface water flows.  
Two aquifer systems of interest exist in the study 
area—a sandy surficial aquifer and the underlying 
carbonate rocks of the UFAS.  A lower permeability 

unit known as the intermediate confining unit 
(ICU) exists throughout most of the ORB, the 
exception being a portion of the springshed for 
Silver Springs that is coincident with the ORB.  
The differences in water levels between these 
two aquifers indicate whether recharge to or 
discharge from the UFAS is occurring.  
Sepúlveda (2002, Fig. 20), who mapped the 
recharge and discharge areas for the 1993-1994 
period, indicated that most of the ORB re-
charges the UFAS, with discharge areas near 
the lakes in the upper Ocklawaha River sub-
basin and along the Ocklawaha River generally 
downstream of Moss Bluff. 

Groundwater level contour maps for the 
UFAS have typically been prepared by the 
USGS for May and September of each year 
beginning about 1976.  A map representing 
predevelopment (pre-anthropogenic) conditions 
has also been prepared and refined by various 
investigators.  Figure 14 shows a comparison of 
the portion of the SJRWMD predevelopment 
UFAS groundwater level contour map and the 
September 2008 USGS groundwater level map 
for the ORB.   

In general, the groundwater flow patterns 
have not changed significantly.  Several unusual 
characteristics are apparent.  Large groundwater 
elevation highs occur at both the southern and 
northern boundaries of the ORB, which in itself 
is unusual.  These highs represent areas where 
the UFAS is overlain by low permeability 
sediments of the ICU that retard recharge to the 

underlying groundwater system.  The underlying 
rocks of the UFAS in these areas also exhibit lower 
hydraulic conductivity, as represented in the large 
regional groundwater flow model developed by the 
USGS (Sepúlveda, 2002). 

The lowest groundwater level elevations are 
found along the eastern boundary of the ORB.  Note 
that there is a groundwater “saddle” located in the 
middle Ocklawaha River sub basin east of Ocala 
where the Silver River joins the Ocklawaha River.  
Saddles represent groundwater divides between two 
potentiometric highs.  Both of the maps in Figure 14 
show a large area surrounding Ocala where the 
groundwater levels are typically between 40 and 50 ft, 
NGVD.  The 10-ft contour interval used on most maps 
cannot be used to accurately delineate groundwater 
flow patterns in this area.  Both Silver Springs and 
Rainbow Springs, another large spring group located 
west of Ocala, have a portion of their respective 
springsheds in this groundwater saddle area. 

To better understand the groundwater flow pat-
terns in the vicinity of Silver Springs, the May 1968 

Figure 14.  Comparison of 1936 and September 2008 UFAS 
Potentiometric Contours. 
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UFAS groundwater level contour developed by 
Faulkner (1973) was scanned and is shown in Figure 
15.  Faulkner had sufficient monitor wells to draw 1-ft 
contours, which allow significantly better delineation 
of the springshed for Silver Springs.  Of special note 
is the 40 ft NGVD contour that encompasses Silver 
Springs, extending approximately 3 miles to the south-
southwest and approximately 7 miles to the northwest 
of the actual main spring.  This detail has not been 
shown on any other groundwater level contour map 
reviewed.  Further review indicated that Faulkner used 
a greater number of monitor wells than are being used 
today.  Faulkner’s map shows groundwater flow under 
most of the Silver River actually flows back toward 
Silver Springs, whereas surface water flow is eastward 
away from the spring. 

Tibbals, et al (2004) documented that changes in 
the interaction between surface water and groundwater 
have occurred in the upper Ocklawaha River subbasin 
after the lake levels were regulated by control struc-
tures.  Higher lake levels would have reduced spring 
and groundwater inflow to the lakes, and lower 
groundwater levels caused by drought and pumping 

may have increased groundwater outflow from 
the lakes.  Additional studies were recom-
mended to determine the causes of the reduced 
stream flow from the upper Ocklawaha River 
subbasin. 

Downstream from Moss Bluff, a compari-
son of surface water levels in the Ocklawaha 
River compared to UFAS groundwater levels 
indicates that the UFAS groundwater levels are 
usually higher than river levels, indicating the 
potential for upward leakage (i.e., base flow) to 
the Ocklawaha River.  However, as shown by 
Sepúlveda (2002), the existence of the Haw-
thorn Group semi-confining layer and lower 
permeability rocks in the UFAS underlying 
most of the Ocklawaha River limit the quantity 
of groundwater base flow contributions to the 
Ocklawaha River downstream of Moss Bluff.  
Even in areas downstream of Eureka where 
approximately 20 springs in the river were 
documented (Abbott, 1971), the observed spring 
discharges were small, which is supported by 
the low hydraulic conductivity of the UFAS 
indicated by Sepúlveda (2002). 

Continuous UFAS groundwater level re-
cords were acquired and reviewed for three 
monitor wells (see Figure 2 for locations) to 
illustrate groundwater levels throughout the 
ORB.  Monitor well OR-0047 is located in the 
upper Ocklawaha River subbasin south of Lake 
Apopka.  Monitor well M-0048 (aka Sharpes 
Ferry) is located in the middle Ocklawaha River 
subbasin upstream of the confluence of the 

Silver River with the Ocklawaha River.  Monitor well 
M-0052 (aka Ft. McCoy Tower) is located in the 
lower Ocklawaha River sub basin, but is in the north-
ern portion of the Silver Springs springshed.  A 
groundwater level hydrograph for each of these 
monitor wells is shown in Figure 16.  

Tibbals, et al (2004) discussed the observed de-
cline in groundwater levels at OR-0047, but could not 
specifically identify the cause for the relatively sudden 
drops in groundwater levels beginning about 1961 and 
how it may have affected reduced Ocklawaha River 
flow at Moss Bluff.  Tibbals, et al (2004) calculated 
the groundwater level decline pre- and post-1961 to be 
approximately 8 ft.  The calculated average groundwa-
ter level decline between the warm and cool phases of 
the AMO was approximately 7.0 ft as shown on 
Figure 16.  Recall that the Lisbon rainfall station did 
not experience any significant decline in rainfall 
between the warm and cool AMO phases. Tibbals, et 
al (2004) also reported that the rainfall at nearby 
Clermont was consistent with Lisbon.  Since 2000, 
groundwater levels in OR-0047 have declined an 

Figure 15.  May 1968 UFAS Potentiometric Contours Near 
Silver Springs. 
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additional 1.65 ft.  Recall that average rainfall at 
Lisbon since 2000 has also declined. Further analyses 
relative to the factors reducing stream flow from the 
upper Ocklawaha River subbasin is beyond the scope 
of this study. 

At Sharpes Ferry (see Figure 16), the average 
UFAS groundwater level decline between the warm 
and cool phases of the AMO is approximately 2.0 ft.  
This decline is consistent with reduced rainfall at the 
Ocala station between the warm and cool AMO 

phases.  Average UFAS groundwater levels at the Ft. 
McCoy Tower (see Figure 16) have declined by 
approximately 1.0 ft for the 2000 – 2009 period as 
compared to the available data for the 1985 – 1999 
period.   
!
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As noted in Table 5, the flow in Silver River has 
declined significantly over the past decade.  A com-
parison of the POR synoptic daily average discharges 
from Silver River and Rainbow River Near Dunellon 
shown in Figure 17 illustrates the shift that has oc-
curred since 2000.  From the mid-1960s to 2000, 
Silver River flow generally exceeded that in Rainbow 
River by an average of 64.7 cfs.  Since 2000, the 
average Rainbow River flow has exceeded the average 
flow from the Silver River by approximately 69.4 cfs, 
a reversal of approximately 134 cfs.  

Increased groundwater production can contribute  
to lower spring discharges.  A review of estimated 
annual water use in Marion County by the SJRWMD 
from 1997 through 2008 indicates that water use 
appears to have increased approximately 15 million 
gallons per day (mgd) during this period (SJRWMD, 
2000 – 2009 Technical Fact Sheets, Annual Water 
Use Summary).  The western portion of Marion 
County’s water use is not estimated by SJRWMD, but 
that area generally lies west and outside of the Silver 
Springs springshed.  Assuming that most of the 15 
mgd increase is used consumptively, this quantity 
would potentially represent a reduction in spring flow 
of approximately 20 cfs, which is less than 10 percent 
of the observed decline in the average discharge from 
Silver River since 2000 as compared to the 1970 – 
1999 average discharge. 

The 1995 estimate of safe yield for the Ockla-
waha River as reported by Hall (2005) appears to be 
predicated on discharge from the Silver Springs group, 
i.e., discharge from the Silver River, exceeding an 
average of 761.5 cfs to protect the main-stem of the 
Ocklawaha River from significant potential environ-
mental impacts. Figure 18 shows the period-of-record 
average annual Silver River discharges as compared to 
the 761.5 cfs level.  Of the 21 years since 1988, only 2 
years (1996 and 1998) have had average annual 
discharges greater than the discharge that Hall (2005) 
believed would prevent significant environmental 
impacts to the Ocklawaha River.  

Figure 16.  Selected UFAS Groundwater Hydro-
graphs. 

    Figure 17.  Difference in Daily Discharge in Silver 
River Minus Rainbow River. 
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Hydrologic records for the major surface water 
gaging stations in the Ocklawaha River were updated 
through 2009, as were selected rainfall stations and 
groundwater monitor well records.  Building from 
previous studies, adjustments were made to subbasin 
delineations and periods of interest for summarizing 
hydrologic changes.  The primary objective of this 
study was to discern what, if any, influences the 
current hydrologic conditions of the ORB might have 
on the possibility of developing future water supplies 
and determining natural system needs. 

A study conducted by SJRWMD at the request 
of the Florida Legislature in 1995 (published in Hall, 
ed., 2005) determined that a “safe yield” of 165 cfs 
(106.6 mgd) could be withdrawn from the lower 
Ocklawaha River without causing unacceptable 
adverse harm.  SJRWMD has conducted several more 
recent studies, but no published study has attempted to 
modify the “safe yield” as determined by Hall (2005). 
!
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Using surface topography, the Ocklawaha River 
Basin has been subdivided into four major subbasins 
that were listed in Table 1 and shown in Figure 1.  

• Upper Ocklawaha River subbasin 
• Middle Ocklawaha River subbasin 
• Orange Creek subbasin 

• Lower Ocklawaha River subbasin 
The delineations of groundwater basins using 

UFAS potentiometric maps indicate considerable 
differences from the surface watersheds.  Groundwa-
ter flow is generally away from the ORB along much 
of the basin perimeter.  The influence of the Ockla-
waha River on UFAS groundwater levels appears to 
be minor, suggesting that diffuse groundwater base 
flow contributions to the river may be small.  In the 
Orange Creek subbasin, groundwater flow in the 
northern portion is to the west and does not contribute 
groundwater flow to the ORB, while the groundwater 
flow in the remainder of the subbasin generally lies 
within the springshed of Silver Springs, exiting there 
instead of Orange Creek.  The assignment of the 
Silver Springs springshed to a particular subbasin is 
problematic, making it difficult to apply standard 
hydrologic techniques based on unit-area concepts.  

Four primary periods of interest listed in Table 2 
have been defined based on a combination of climatic 
and hydrologic trends.  If data records were not 
complete for a given period, then an average was 
computed from the available record and was assumed 
to be representative for the period of interest. 

• 1/1/1930 – 12/31/1969 Warm AMO phase  
• 1/1/1979 – 12/31/1999 Cool AMO phase  
• 1/1/1930 – 12/31/1999 1 Complete AMO

 cycle 
• 1/1/2000 – 12/31/2009 Warm AMO phase  
Three rainfall stations of interest were selected as 

being representative of rainfall in the Ocklawaha 
River Basin. 

• Lisbon  upper Ocklawaha River subbasin  
• Ocala  middle Ocklawaha River and          

 Orange Creek subbasins 
• Palatka  lower Ocklawaha River subbasin 
Average rainfall declines of eight to nine percent 

were observed between the warm and cool phases of 
the AMO cycle at the Ocala and Palatka rainfall 
stations.  The Lisbon station in the upper Ocklawaha 
River subbasin experienced less than a one percent 
decline.  Comparing average rainfall for the past 
decade (2000 – 2009) to the average rainfall for the 
70-year period representing 1 AMO cycle, both the 
Lisbon and Ocala stations experienced an approxi-
mate rainfall decline of 5 percent.  The Palatka station 
showed approximately "-inch more of average 
rainfall between those 2 periods. 

Surface water stage records were analyzed to de-
termine average change in river or spring stage for 
selected stations between periods of interest.  Average 
stages at Moss Bluff were not included in Table 6 
because of the discontinuity observed in the stage 
data.  Table 6 summarizes selected stage changes. 

    Figure 18.  Average Annual Silver River Discharge 
Compared to “Protective” Discharge Esti-
mate. 
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Surface water flow records were analyzed to de-
termine average change in river or spring flows for 
selected stations between periods of interest (see 
Table 5).  Some trends in stages and flows are appar-
ent in comparing Tables 5 and 6.  Each of the stations 
experienced average declines in stage and flow be-
tween the 1930 – 1969 period and the 1970 – 1999 
period.  This is consistent with the observed decline in 
rainfall at two of the three rainfall stations for the 
same time periods.   

Each of the stations listed in Table 5 also experi-
enced average declines in flow from the 1970 – 1999 

period to the 2000 – 2009 period.  The average stages 
at two stations, Silver Springs and the Ocklawaha 
River Above Rodman Dam, experienced increases in 
stage between those two periods.  A higher average 
stage in the Ocklawaha River Above Rodman Dam 
appears to represent a change in water level manage-
ment operations.  An increase in the stage at Silver 
Springs could plausibly result from a change in 
downstream conditions impeding flow in Silver River. 

Table 7 presents the percent declines in dis-
charges at the stations listed in Table 5 for the last 
decade, 2000 – 2009, as compared to both the com-

plete AMO cycle and the 1970 – 1999 Cool 
AMO phase.  In general, average discharges 
since 2000 have declined an average of ap-
proximately 38 percent when compared to the 
complete AMO cycle, and an average of ap-
proximately 25 percent when compared to the 
Cool AMO phase from 1970 – 1999. 

The preliminary review of groundwater 
conditions throughout the ORB indicates subtle 
changes have occurred.  The effects of these 
changes are likely manifested in the following 
components of the hydrologic system. 
1. Groundwater levels do respond to variations 

in rainfall and groundwater production, and 
it can be difficult to separate the combined 
effects. 

2. Groundwater levels affect the discharge of 
springs contributing flow to the Ocklawaha 
River. 

 a. Primarily, the Silver Springs group. 

 
Table 6.  Average Stages in Selected Stream and Spring Gaging Stations. 

!

8I3-('/!L()/3!
G(4&+4!8)()&*+!

L(3#!>N6!
STUV!W!STXT!

B**%!>N6!
STYV!W!STTT!

>N6!
B1'%/!

L(3#!>N6!
ZVVV!W!ZVVT!

B*##/+),!

Silver Springs 
Main Pool 40.111 39.54 39.79 39.93 Stage increase consistent 

with flow decline 
Ocklawaha River  

at Conner 37.01 36.05 36.47 35.87 Stage and flow declines 
consistent 

Ocklawaha River  
at Eureka 21.04 20.32 20.63 20.17 Stage and flow declines 

consistent 
Orange Creek  

at Orange Springs 24.20 22.47 23.02 21.75 Stage and flow declines 
consistent 

Ocklawaha River 
Above Rodman 

Dam 
NA2 17.71 NA 18.45 

Stage increase not 
consistent with flow 

decline3 
Ocklawaha River 
At Rodman Dam NA 4.53 NA 3.84 Stage and flow declines 

consistent 
1 – All units in ft NGVD 
2 – Not Applicable 
3 – Likely due to water level manipulations  

 

Table 7. Percent Declines of Average Stream Discharges 
At Stations of Interest for the Ocklawaha River 
Basin.!
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Ocklawaha River 

at Moss Bluff -30.8 -10.2 

Silver River 
Near Ocala -32.9 -29.7 

Ocklawaha River 
at Eureka -27.5 -17.6 

Orange Creek 
at Orange Springs -65.7 -48.3 

Ocklawaha River 
at Rodman Dam -36.3 -20.1 
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 b. Secondarily, spring flow in lakes in   
  the upper Ocklawaha River subbasin   
  could be reduced due to higher,    
  managed lake levels in the upper    
  Ocklawaha River subbasin.  
3. Higher, managed lake levels in the upper Ockla-

waha River subbasin could increase groundwater 
flow leaving the ORB. 
a. This could result in higher groundwater gra-

dients that would increase discharge in 
springs and rivers that may receive a portion 
of their flow from groundwater emanating 
from the ORB. 

b. Increased groundwater production in and 
near the ORB and springsheds could decrease 
groundwater base flow to Ocklawaha River, 
but is difficult to quantify using observed 
data. 
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Based on a SJRWMD study conducted in 1995 
and published in 2005 (Hall, ed., 2005), the “safe 
yield” of the lower Ocklawaha River Basin was 
determined to be ! 165 cfs (106.6 mgd).  The follow-
ing items summarize the relevant facts and findings of 
that report relative to the determination of safe yield. 
1. The determination was made using hydrologic 

model simulations reportedly for the period from 
1933 through 1992.  Various management and 
withdrawal scenarios were simulated. 

2. Hall (ed., 2005) did not provide a reference 
source for the specific hydrologic model utilized 
in the estimation of safe yield.  A review of his-
torical Ocklawaha River reports identified what is 
believed to the hydrologic model used.  After 
conducting a preliminary review of the calibration 
periods, there are some concerns about the ade-
quacy of the model’s calibration. 

3. The bases for the “safe yield” determination were 
ecologic and hydrologic evaluations of the simu-
lated stages and flows that were interpreted as not 
causing unacceptable environmental harm.   

4. Removal of surface water from Silver River or a 
further reduction of spring discharge below the 
predicted 2010 level of 761.5 cfs in Silver Springs 
may significantly impact downstream reaches of 
the Ocklawaha River. 

5. Allocating withdrawals from the downstream 
areas of the basin instead of the Silver River area 
would minimize the potential environmental im-
pacts to the main stem of the Ocklawaha River. 

6. An analysis of water levels in the reservoir during 
the summer months of “low-water years” indi-

cated average monthly water levels would be sig-
nificantly reduced for withdrawals of 250 cfs and 
330 cfs, which could stimulate hydrilla growth 
and lead to higher fish kills.  “A low-water year 
for a particular month is defined as any year dur-
ing the 1933 – 1992-year modeling period when 
the average water level in the reservoir for that 
month fell below 17.0 feet National Geodetic Ver-
tical Datum for any of the four CUP alterna-
tives.”  

7. Under the Full Restoration scenario (i.e., removal 
of Rodman Dam), the study concluded that the 21 
percent reduction from 86 percent to 65 percent in 
floodplain inundation frequency (between 0 cfs 
and 330 cfs withdrawal) “would not alter the 
structure and ecological functions of the flood-
plain mixed hardwood swamp community” in the 
area of Riverside Landing based on results of 
other researchers. 

8. It was also concluded that “A more accurate 
assessment of water availability can be completed 
only after minimum flows and levels are estab-
lished for the major water bodies of the basin, 
implemented, and incorporated into a basinwide 
surface water management plan, which addresses 
the water supply potential of the LOR [Lower 
Ocklawaha River] under different reservoir man-
agement options and river restoration strate-
gies.” 
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The following preliminary conclusions result 
from the review and analysis of recent hydrologic data 
for the Ocklawaha River Basin. 
1. The analysis and interpretation of hydrologic 

trends on data sets lengthened by 17 years of ad-
ditional record provides significant insights not 
afforded previous investigators in the determina-
tion of “safe yield” for the ORB. 

2. Significant declines in flows and water levels, 
both surface water and groundwater, have gener-
ally occurred since 1970, due to both climatic and 
non-climatic influences.   

3. Hall (2005) did not provide adequate details about 
the development and calibration of the model 
making it difficult to confidently state what was 
done and whether or not the model and its results 
are reliable.  Review of historical Ocklawaha 
River reports identified what is believed to be the 
hydrologic model used. 

4. The hydrologic model used to determine the “safe 
yield” may not have been adequately calibrated 
and does not appear to have adequately repre-
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sented the surface water flow regime in the lower 
Ocklawaha River.   

5. The observed flow from Silver Springs as meas-
ured in Silver River since 2000 has averaged 533 
cfs, which is approximately 228 cfs below the 
761.5 cfs discharge in Silver Springs determined 
by Hall (2005) as being protective of significant 
potential environmental impacts to the main stem 
of the Ocklawaha River. 

6. Because this reduction in flow at Silver Springs 
since 2000 also translates into a comparable re-
duction of approximately 250 cfs in stream flow 
in the lower Ocklawaha River as compared to the 
average stream flow in the 1970 – 1999 period, 
the average flow reduction in the lower Ockla-
waha River is of a magnitude that already exceeds 
the allowable “safe yield” as determined by Hall 
(2005).  

7. Based on current hydrologic trends, particularly 
since 2000, and based on a preliminary review of 
the hydrologic model used to estimate safe yield, 
there is too much uncertainty in the 1995 safe 
yield estimate reported by Hall (2005) to justify 
using the 165 cfs safe yield estimate for current 
water supply planning purposes by SJRWMD. 
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Two sets of preliminary recommendations for 
future SJRWMD studies are proposed.  One set 
addresses issues related to the hydrology of the ORB.  
The second category focuses on improving the under-
standing and bases for the “safe yield” determination 
made by the SJRWMD in the 1995 study reported in 
Hall (2005).  These preliminary lists are intended to 
illustrate the type of data and information that would 
be helpful, but are not intended to be exhaustive. 
Hydrologic Issues 
1. Identify and resolve any remaining issues with 

historic hydrologic data relevant to the setting of 
MFLs and/or determining “safe yield” for the 
Ocklawaha River Basin.  Possible examples in-
clude the following:  re-evaluation of uncertain 
flows and stages; evaluation and correction of 
gaging station datum inconsistencies; delineation 
of contributing subbasins, both surface water and 
groundwater; and expansion and/or refinement of 
water use estimates. 

2. Select and evaluate water quality constituents of 
interest, assess historical water quality trends, 
particularly as they may be influenced by flow 
quantity.   Historical and projected nutrient budg-

ets under various hydrologic regimes using best 
available water budget information ought to be 
developed. 

3. Identify and resolve major hydrologic data 
deficiencies, if any, relative to resolving the ques-
tion of retaining or removing Rodman Dam to al-
low full restoration of the lower Ocklawaha 
River.  A comprehensive evaluation of the man-
agement/operation plan for the reservoir above 
Rodman Dam and its effect on water quantity and 
quality need to be conducted. 

4. Identify major hydrologic data deficiencies that 
are necessary to be resolved prior to the accurate 
setting of MFLs and/or determining “safe yield” 
for the Ocklawaha River Basin. 

“Safe Yield” Issues 
1. Resolve the issue of safe yield before advancing 

the Lower Ocklawaha River as a water supply 
source.  A few MFLs have been set on lakes 
within the Ocklawaha River Basin, but none yet 
on rivers or springs.  The SJRWMD MFL Priority 
Schedule lists the Ocklawaha River at SR 40 (i.e., 
at Conner), the Silver River and Silver Springs in 
2011, and a number of lakes within the upper 
Ocklawaha River Basin for 2013.   

2. Assuming that hydrologic modeling will likely 
need to be conducted to determine the magnitude 
and the temporal pattern of “safe yield”, 
SJRWMD needs to outline a study to define the 
appropriate model, define development and cali-
bration procedures necessary to attain defensible 
results, and specify various alternatives that need 
considered. 
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The world’s oceans drive atmospheric circulation 

and are the primary source of rainfall.  Florida’s 
climate varies with short and long periods of higher or 
lower than average rainfall.  Studies over the past 10 
or 15 years have found that Florida’s climate can be 
linked to variations in ocean sea surface temperatures 
(SSTs).  Several historic and periodic SST changes 
over wide areas of the oceans have been identified and 
named.   The primary indices that affect Florida’s 
weather patterns are the Pacific’s El Niño-Southern 
Oscillation (ENSO) and Pacific Decadal Oscillation 
(PDO) and the Atlantic Multidecadal Oscillation 
(AMO)2.   

The Pacific ENSO and its climatic impacts 
around the world constitute the strongest, most glob-
ally coherent climate signal that exists in both the 
ocean and the atmosphere3.  El Niño is characterized 
by warmer ocean temperatures and La Niña is charac-
terized by cooler ocean temperatures in the Southern 
Pacific.  The impacts of El Niño upon Florida’s 
climate show up most clearly during wintertime, with 
Florida having colder, wetter than normal conditions.  
Conversely, a La Niña gives Florida a drier, warmer 
winter.  The duration of El Nino and La Niña episodes 
are typically less 
than one year.   
While their periodic-
ity (recurrence) can 
be quite irregular, El 
Niño and La Niña 
tend to occur in 
cycles ranging from 
2 to 7 years4. 

The PDO is an 
El Niño-like pattern 
of Pacific climate 
variability in the 
Northern Pacific.  
Unlike the much 
shorter ENSO cycles, 
PDO cycles persist 

                                                
2 McCabe, G.J., Palecki, M.A., and Betancourt, J.L., 2004, 
Pacific and Atlantic Ocean Influences on Multidecadal 
Drought Frequency in the United States, Proceedings of the 
National Academy of Science, vol. 101,  no. 12, p. 4136-
4141. 
3 Enfield, D.B. and Mestas-Nuñez, A.M., 1999, Multiscale 
Variabilities in Global Sea Surface Temperatures and Their 
Relationships with Tropospheric Climate Patterns, Journal 
of Climate, vol. 12, pp. 2719-2733. 

for 20 to 30 years.  Cool PDO regimes prevailed from 
1890-1924 and again from 1947-1976, while warm 
PDO regimes dominated from 1925-1944 and from 
1977 through 19991,4.  

Modeling studies indicate that much of the North 
American climate is influenced by multidecadal 
variations in North Atlantic SSTs1,2,4.  The AMO is 
generally characterized using the AMO index, which 
is the 10-year running mean of the North Atlantic SST 
anomaly.  Figure A-1 presents the AMO Index for 
1860 to 20092,3.  The red portions of the graph indicate 
warm periods with SSTs above average and the blue 
portions of the graph indicate cold periods with SSTs 
below average.  Higher rainfall in Florida is usually 
associated with the warmer AMO periods. 

In addition to oceanic cycles, atmospheric cycles 
also affect Florida’s climate.  One such cycle is the 
North Atlantic Oscillation (NAO).  The NAO is 
associated with atmospheric oscillation between 
Iceland and the Azores and its behavior is also gener-
ally referred to as decadal5, but subdecadal periods 
have been observed.  Similar to the ENSO, the NAO 
has cold and warm temperature fluctuations. 

These incongruous climatic drivers all have dif-

                                                
4 Enfield, D.B., Mestas-Nuñez, A.M., and Trimble, P.J., 
2001,  The Atlantic Multidecadal Oscillation and its Rela-
tionship to Rainfall and river Flows in the Continental U.S., 
Geophysical Research Letters, vol. 28, no. 10, pp. 2077-
2080. 
5 Tootle, G.A., Piechota, T.C., and Singh, A., 2005, Coupled 
Oceanic-Atmospheric Variability and U.S. Streamflow, 
Water Resources Research, Vol. 41, W12408. 

Figure A-1.  AMO Index, 1860 – 2009 
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ferent oscillation periods and a warm cycle for one 
may overlap with a cold cycle from another.  Figure 
A-2 is a comparison of the AMO and the PDO annual  
average SST departure illustrating how the cycles 
overlap, resulting in +PDO/+AMO, -PDO/+AMO, -
PDO/-AMO, and +PDO/-AMO time periods.  Figure 
A-3 is a composite graph of the 1950 to 2001 ENSO, 
PDO, and AMO SST patterns along with the NAO 
atmospheric pattern.  This figure clearly illustrates 
how these warm and cold cycles are irregular in their 
periodicity and that there is a multitude of combina-
tions.   
!
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Florida climate is affected by several climatic 

drivers that have different, and variable, cyclical 
periods.  Given the complex nature of the incongruous 
drivers, it is overly simplistic to ascribe climatic 
effects (precipitation) to only one or two of the driv-
ers.  Selection of appropriate time periods for hydro-
logic analyses requires cognizance of these climatic 
drivers, but actual selections need to be based on the 
data and not on arbitrary periods. 

 

Figures A-2.  AMO and PDO Annual Time Series, 1900 – 2009 

Figure A-3.  Years Identified as Warm or Cold for PDO, AMO, NAO, and ENSO (1950 – 2001) 
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