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Weights of Evidence Model 
 
U se of the Weights of Eviden ce (WofE) m odelin g techn ique in volves the com b in a tion of diverse spa tia l 
da ta tha t are used to describ e a n d a n a lyze in tera ctions a n d gen era te predictive m odels (for a deta iled 
discussion of this sta tistica l m odelin g techn ique see Bon ha m -Carter, 1994; Ra in es et a l., 2000).  WofE is 
a da ta- driven process tha t utilizes known occurren ces as m odel tra in in g sites to crea te m aps from  
weighted con tin uous input da ta la yers.  T hese input da ta la yers, known as eviden tia l them es, are then  
com b in ed to yield a n output da ta la yer (or result of the m odel), known as a response them e (Ra in es, 
1999).  WofE was a dapted to m in era l poten tia l m appin g in a GIS  a n d is b ased on the applica tion of 
Ba yes’ Rule of Prob a b ility, with a n  assum ption of con dition a l in depen den ce (Ra in es et a l., 2000).  
Although Ba yesia n theory has b een applied to groun d-wa ter rela ted issues in recen t years (e.g., S oulsb y et 
a l., 2003; Meyer et a l., 2003; a n d Feyen et a l., 2004), the specific applica tion of WofE to groun d-wa ter 
issues is very lim ited to da te (Chen g, 2004).  
Training Points Theme and Prior Probability 
T ra in in g poin ts are loca tions of known occurren ces.  In m in in g applica tions for exa m ple, ore deposits are 
kn own occurren ces.  In a n a quifer vuln era b ility assessm en t, wells with wa ter qua lity in dica tive of high 
recharge are poten tia l kn own occurren ces. T ra in in g poin ts are used in WofE to ca lcula te the followin g 
para m eters: prior probability (or, density of tra in in g poin ts), weights for ea ch evidential theme, a n d 
posterior prob a b ility of the response theme.   
Evidential Themes 
An eviden tia l them e is defin ed as a set of con tin uous spa tia l da ta tha t is associa ted with the loca tion a n d 
distrib ution of known occurren ces, i.e., tra in in g poin ts. In GIS  term s, a n eviden tia l them e is a n a logous to 
a da ta la yer or covera ge.  Eviden tia l them es in the m in in g exa m ple m ight in clude a n  area ’s proxim ity to 
fa ults.  In the FAVA project, soil perm ea b ility a n d thickn ess of con fin em en t are exa m ples of eviden tia l 
them es. Weights ca lcula ted in WofE esta b lish spa tia l associa tions b etween tra in in g poin ts a n d eviden tia l 
them es. T he two eviden tia l them es used for the IAS  FAVA m odel are displa yed to the right a n d in clude 
soil perm ea b ility, a n d a them e crea ted b y com b in in g in form a tion from  b oth In term edia te Aquifer S ystem  
overb urden thickn ess a n d karst fea tures. 
 
Gen era liza tion of eviden tia l them es follows ca lcula tion of weights in the WofE m odelin g process. 
T hem es are gen era lized in a n effort to esta b lish which areas of the eviden ce share a grea ter associa tion 
with loca tions of tra in in g poin ts. Durin g ca lcula tion of weights for ea ch eviden tia l them e, a con trast va lue 
is ca lcula ted, which is a com b in a tion of the positive a n d n ega tive weights (positive weight – n ega tive 
weight) as describ ed in Introduction – Approach – Models Considered – Weights of Evidence. Contrast is 
a m easure of a them e’s sign ifica n ce in predictin g the loca tion of tra in in g poin ts a n d helps to determ in e the 
threshold or thresholds tha t m a xim ize the spa tia l associa tion b etween  the eviden tia l them e m ap pa ttern 
a n d the tra in in g poin t them e pa ttern (Bon ha m -Carter, 1994). 
Response Theme 
Followin g the gen era liza tion of eviden tia l them es, WofE output results are gen era ted a n d are kn own as 
response them es. A response them e is a n output da ta la yer showin g the prob a b ility (posterior prob a b ility) 
tha t a un it area con ta ins a tra in in g poin t b ased on the eviden ce (eviden tia l them e) provided.  Areas of 
higher posterior prob a b ility in dica te tha t a n area is m ore likely to con ta in  a tra in in g poin t, whereas areas 
of lower posterior prob a b ility in dica te tha t a n area is less likely to con ta in a tra in in g poin t.  For the FAVA 
project, a response them e ca n b e a prob a b ility m ap tha t is displa yed in  classes of rela tive vuln era b ility 
b ased on selected wa ter- qua lity a n a lytes in tra in in g poin t wells.  

Training Points 
 
T here were a tota l of 295 wells in  the FDEP Ba ckgroun d Wa ter Qua lity 
Mon itorin g N etwork tha t were com pleted in  the IAS study area.  T hese wells 
were loca ted throughout the S ta te, b ut for this project, on ly those fa llin g within  
the IAS  study area displa yed in  the figure to the right were used.  Criteria for 
selectin g IAS  tra in in g poin t wells a lso in cluded tha t the wells b e sa m pled for 
both a m m on ia a n d dissolved n itrogen  durin g the sa m e sa m plin g even t. T here 
were 130 wells tha t m et these criteria.  T he m easured va lues were then  
com b in ed to provide a sin gle a n a lyte va lue per well, tota l dissolved n itrogen , 
on which sta tistica l a n a lyses could b e com pleted. 
 
Am m on ia con cen tra tion s were in corporated in to the IAS  tra in in g poin t da taset 
b eca use n itrogen  in  the form  of a m m on ia ca n  b e m ore preva len t tha n  dissolved 
n itrogen  in  deeper parts of the IAS  where la ck of dissolved oxygen  crea tes a 
reducin g en viron m en t.  If a m m on ia was not used in  con jun ction  with dissolved 
n itrogen , weights ca lcula ted for eviden tia l them es usin g WofE did n ot produce 
sign ifica n t con trast va lues for use in  gen era lizin g the them es.   
 
U sin g sta tistica l m ethods describ ed in  Results – Data Coverages –Training 
Points, 32 wells were iden tified as outliers a n d rem oved from  the da taset 
lea vin g 98 wells for further a n a lysis.  Further sta tistica l a n a lysis return ed a 75th 
percen tile com b in ed m edia n  va lue for a tota l dissolved n itrogen  con cen tra tion 
of 0.457 m g/L .  T here were 26 wells occurrin g in  the da taset with a tota l 
dissolved n itrogen  va lue grea ter tha n  0.457 m g/L . T hese 26 wells were used to 
crea te the tra in in g poin t them e for in put in to the IAS  FAVA m odel. T he 
resultin g prior prob a b ility was ca lcula ted a t 0.0009, which represen ts the 
cha n ce tha t a tra in in g poin t will occupy a n y given  un it area within  the study 
area, in depen den t of a n y eviden tia l them e da ta. 

Soil Permeability 
 
S oil perm ea b ility is a m easure of the ra te a t 
which water tra vels through the upper va dose 
zon e.  Areas with high soil perm ea b ility va lues 
are norm a lly associa ted with higher aquifer 
vuln era b ility.  Weights were ca lcula ted for soil 
perm ea b ility usin g the cum ula tive descen din g 
m ethod of the WofE m odel techn ique. T he 
highest con trast of a n y class was ca lcula ted a t 
7.3 in /hr.  As defin ed b y the a n a lysis of this 
eviden tia l them e, the m ost appropria te brea k in 
the soil perm ea b ility eviden tia l them e was a t 
7.3 in /hr creatin g a b in ary gen era lized them e for 
in put in to the IAS  FAVA m odel.  In other words, 
this a n a lysis in dica tes that areas un derla in b y 
soils with perm ea b ility va lues ra n gin g from  0.1 to 
7.3 in/hr were, b ased on the loca tion of tra inin g 
poin ts, associa ted with areas of lower 
vuln era b ility. Con versely, the a n a lysis in dica tes 
that areas un derla in  b y soils with perm ea b ility 
va lues ra n gin g from  7.3 to 20.0 in/hr, b ased on 
the loca tion of tra in in g poin ts, were associa ted 
with areas of higher vuln era b ility. 

Intermediate Aquifer System overburden 
 
Where the IAS  is a m a jor region a l a n d productive 
aquifer system  in  southwest Florida, overlyin g 
sedim en ts form  a n  im porta n t protective la yer. 
T he m a teria ls in clude un differen tia ted sa n ds a n d 
cla ys, shelly sedim en ts of Plio-Pleistocen e a ge, 
in cludin g the upperm ost perm ea b le sedim en ts of 
the T a m ia m i Form a tion .  T o ca lcula te the 
thickn ess of sedim en ts overlyin g the IAS , the 
surfa ce of the IAS  was sub tra cted from  the FDEP 
DEM.  T his grid was clipped to the exten t of the 
IAS  a n d used as in put in to the IAS  FAVA m odel. 
T he thickn ess of the overb urden  ra n ged from  a 
few feet in  the n orthwestern area of the IAS  
exten t to 429 feet a lon g the eastern edge in  
Highla n ds Coun ty. T his da ta covera ge was 
com b in ed with effective karst fea tures usin g 
fuzzy logic as describ ed b elow. 

IAS Overburden and Effective Karst Feature Interdependence – Fuzzy Logic 
 
In the IAS  m odel, IAS  overb urden  a n d effective karst features were sta tistica lly related b eca use the IAS  overb urden  da ta covera ge was used to 
develop the effective karst la yer (see the two figures b elow for m ore in form a tion on these two da ta covera ges). S pecifica lly, karst features were 
rem oved b ased on the presen ce of m ore tha n 100 feet of IAS  overb urden  thickn ess. When  both covera ges were used as them es in the IAS  m odel 
separately, con dition a l in depen den ce prob lem s arose for the m odel output. As a result, fuzzy logic was utilized to com b in e the effective karst 
a n d IAS  overb urden  in to a sin gle eviden tia l them e displa yed in  the figure to the right.  As discussed in Introduction – Approach – Models 
Considered, fuzzy logic ha n dles the con cept of partia l truths a n d ca n  b e describ ed as the process of assign in g va lues to even ts usin g a 
gra da tion a l or con tin uous sca le b etween 0 a n d 1, where 1 represen ts full m em b ership a n d 0 is full non -m em b ership.  
 
In the effective karst feature eviden tia l them e, a fuzzy m em b ership va lue of 1 was assign ed to a ll areas that were within  60 m eters of a n  
effective karst feature. T hese areas represen t full m em b ership. A fuzzy m em b ership va lue of 0 was assign ed to the class represen tin g areas 
6,000 m  from  karst features, represen tin g full non -m em b ership. In term edia te va lues were then  in terpola ted in  a lin ear m a n n er.  
 
For the IAS  overb urden  eviden tia l them e, areas where the overb urden was ca lcula ted a t zero were assign ed a fuzzy m em b ership va lue of 1 
represen tin g full m em b ership a n d areas where the overb urden  was thickest (429 feet) were assign ed a va lue of 0, or full non -m em b ership. 
In term edia te va lues were then in terpola ted in a lin ear m a n n er as well.  
 
U sin g these fuzzy m em b ership va lues the two eviden tia l them es were com b in ed usin g the fuzzy logic Boolea n  opera tor OR.  T his operator was 
chosen b eca use it in volves the un ion of a set of va lues where the m a xim um  in put con trols the output.  T he result is a n  output m a p, used as 
eviden ce, where the va lues are the “b est” of both pieces of eviden ce. T he fuzzy logic output was con verted to a GIS  in teger grid to b e consisten t 
with other eviden tia l them es; a n d, to preserve da ta resolution, a ll va lues were m ultiplied b y 100. T he fin a l fuzzy logic output va lues therefore 
ra n ge from  0-100.  
 
Areas of the IAS  overb urden/effective karst features eviden tia l them e with higher va lues correspon d to dense karst feature distrib ution a n d thin 
IAS  overb urden  sedim en ts a n d were therefore a ssocia ted with higher aquifer vuln era b ility.  For these reasons, weights were ca lcula ted for this 
eviden tia l them e usin g the cum ula tive descen din g m ethod of the WofE a n a lytica l techn ique. T he highest con trast of a n y class was ca lcula ted at 
a fuzzy logic va lue of 87.  As defin ed b y the a n a lysis of this eviden tia l them e, the m ost appropria te brea k in  the IAS  overb urden/effective karst 
fea tures eviden tia l them e was at 87 crea tin g a b in ary gen era lized them e for input in to the IAS  FAVA m odel.  In other words, th is a n a lysis 
in dica tes that areas where the fuzzy logic va lue exceeds 87 (i.e., thin overb urden  a n d den se effective karst) were, b ased on the loca tion of 
tra in in g poin ts, associa ted with areas of higher vuln era b ility.  Con versely, the a n a lysis in dica tes tha t areas where the fuzzy logic va lue is less 
tha n 87 (i.e., thicker overb urden a n d sparse effective karst) were, b ased on the loca tion of tra in in g poin ts, associa ted with areas of lower 
vuln era b ility.  
 

Effective Karst Features 
 
Effective karst is defin ed herein  as those closed topographic depressions tha t 
are b elieved to in crease hydrologic com m un ica tion  b etween  la n d surfa ce a n d 
the un derlyin g aquifer system . T o develop a n  appropria te represen ta tion  of 
karst fea tures in  the IAS  m odel, a n  effective karst GIS  grid was crea ted b ased 
on closed topographic depressions a n d thickn ess of IAS  overb urden . T his was 
a ccom plished b y filterin g out those depressions un derla in  b y m ore tha n  100 
feet of IAS  overb urden. T he 100-ft threshold of overb urden  thickn ess has b een  
used to iden tify karst-pron e areas b y Cichon  et a l. (2004) a n d Wright (1974). 
T hough the loca tion  of tra in in g poin ts was not used to select this filter 
threshold, the la ck of their occurren ce in  areas un derla in  b y m ore tha n  100 feet 
of overb urden  thickn ess len ds support to the use of this filter.  T his ca lcula tion 
provided a n  effective karst eviden tia l them e for use in the IAS  FAVA m odel.  
Moreover, this filterin g procedure rem oved severa l karst “sa gs” form ed b y the 
dissolution of shell m a teria l in  sha llow sedim en ts.  Rem ova l of sa gs from  this 
eviden tia l them e was appropria te b eca use the fea tures do not provide deep 
vertica l preferen tia l pa thwa ys to a llow surfa ce wa ter to m ore rapidly rea ch the 
IAS . 
 
Beca use areas n earer to a karst fea ture are considered m ore vuln era b le to 
con ta m in a tion  tha n  areas further awa y, a proxim ity a n a lysis was com pleted for 
the effective karst eviden tia l them e b y crea tin g a 6,000-m  b uffer zon e aroun d 
ea ch karst fea ture within  which equa lly-spa ced 60-m  in terva ls were delin ea ted.  
T he outerm ost in terva l con ta in ed a ll areas of the IAS  exten t which lie 6,000 m  
or further from  a karst fea ture.  Based on spatia l a n a lysis, a ll tra in in g poin ts 
occurred within  6,000 m  from  a n  effective karst fea ture, thereb y len din g 
support to tha t ra dia l dista n ce as a la tera l threshold for the delin ea tion of 
in terva ls within  the b uffer zon e.  T his da ta covera ge was com b in ed with 
proxim ity to karst fea tures usin g Fuzzy L ogic as describ ed b elow. 
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Study Area and Extent 
 
T he In term edia te Aquifer S ystem  (IAS ) in cludes a ll rocks a n d sedim en ts tha t lie b etween  a n d collectively 
restrict the excha n ge of wa ter b etween  the overlyin g S urficia l Aquifer S ystem  (S AS ) a n d un derlyin g 
Florida n  Aquifer S ystem  (FAS ; S outheastern Geologica l S ociety, 1986). T his un it gen era lly a cts as a 
con fin in g un it for the FAS  where it is presen t, b ut a lso con ta in s loca lized m odera te-yieldin g aquifers 
throughout the S ta te.  It is a lso a m a jor source of groun d wa ter on ly in  the southwestern part of Florida, 
a n d as discussed in  Results – Data Coverages – Intermediate Aq uifer System/Intermediate Confining Unit 
Thickness and Extent is the on ly region tha t in cludes the IAS  FAVA study area.   
 
T he IAS  in  southwestern Florida com prises a m a jor region a l aquifer system  providin g groun d wa ter to 
m un icipa lities, in dustries a n d a griculture. Various researchers ha ve iden tified severa l production zon es 
within  this aquifer system  (e.g., Metz, 1993, T orres et a l., 2001). Due to the com plex a n d discontin uous 
n a ture of these zon es, it is not feasib le to m ap them  or m odel their in dividua l vuln era b ility within  the 
scope of this project.   
 
T he exten t of the IAS  was b ased on the com b in a tion of the distrib ution of FDEP pub lic wa ter supply 
wells a n d a n  exten t proposed b y Miller (1986). FDEP wells were plotted in  a GIS  with a 20-km  b uffer. 
T his m ethod a ccoun ted for m a jor production zon es of the IAS  in  the southern part of the region, b ut did 
not a dequa tely represen t areas where the IAS  is a prin cipa l aquifer system  for dom estic supply in  Polk, 
S arasota, Ma n a tee, a n d Hardee Coun ties. For this region, Miller’s (1986) exten t was applied.  By 
com b in in g the polygons for these two areas, a com prehen sive exten t of the IAS  where it is predom in a n tly 
used for pub lic supply was developed for input in to the FAVA m odel.  
 
L arge wa ter bodies (those coverin g grea ter tha n  approxim a tely 50 a cres) were om itted from  IAS  FAVA 
m odel b eca use a well would n ever b e drilled in these areas – therefore, they would n ever con ta in  a 
tra in in g poin t. If the la kes were left in  the m odel, the surfa ce area was in creased with no cha n ce of 
in creasin g the n um b er of tra in in g poin ts. T his would un n ecessarily b ias the m odel. Further, large wa ter 
bodies typica lly ha ve no soils or other in put da ta associated with them , thus the m odel output om its these 
areas due to la ck of da ta or poten tia l b ias in  the ca lcula ted prob a b ilities.  
 

Vulnerability Zones 
 
Z on es of rela tive vuln era b ility of the IAS  ca lcula ted usin g Weights of Eviden ce are displa yed in  the large m ap a b ove.  As noted in 
the report, a ll groun d wa ter is vuln era b le to con ta m in a tion. As a result, this gen era lized IAS  FAVA m ap reflects three levels of 
vuln era b ility. Ea ch zon e represen ts a ra n ge of prob a b ility va lues tha t a n  area is vuln era b le to con ta m in a tion from  la n d surfa ce. 
Eviden tia l them es (da ta covera ges) used for input in to this m odel in clude: soil perm ea b ility a n d a them e crea ted b y com b in in g 
in form a tion from  both In term edia te Aquifer S ystem  overb urden  thickn ess, a n d effective karst fea tures. 
 
 
More Vulnerable  
Areas of the vuln era b ility m ap design a ted in  red represen t the more vulnerable zon e b ased on output prob a b ilities ca lcula ted usin g 
WofE. T he more vulnerable zon e en com passes approxim a tely 952 km 2, which is approxim a tely 53% of the tota l study area. 
 
Vulnerable  
Areas of the vuln era b ility m ap design a ted in  green  represen t the vulnerable zon e b ased on output prob a b ilities ca lcula ted usin g 
WofE. T he vulnerable zon e en com passes approxim a tely 12,012 km 2, which is approxim a tely 44% of the tota l study area.  
 
Less Vulnerable  
Areas of the vuln era b ility m ap design a ted in  b lue represen t the less vulnerable zon e b ased on output prob a b ilities ca lcula ted usin g 
WofE. T he less vulnerable zon e en com passes approxim a tely 14,494 km 2, which is approxim a tely 3% of the tota l study area.  
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Disclaimer 
 
T he FAVA m aps were developed b y the FDEP/FGS  to carry out a gen cy responsib ilities rela ted to m a n a gem en t, protection, a n d responsib le 
developm en t of Florida's n a tura l resources. Although efforts ha ve b een  m a de to m a ke the in form a tion  in  these m aps a ccura te a n d useful, the 
FDEP/FGS  assum es no responsib ility for errors in  the in form a tion  a n d does not guara n tee tha t the da ta are free from  errors or in a ccura cies. 
S im ilarly FDEP/FGS  assum es no responsib ility for the consequen ces of in appropria te uses or in terpreta tion s of the da ta on these m aps. As such, 
these m aps are distrib uted on a n  "as is" b asis a n d the user assum es a ll risk as to their qua lity, the results ob ta in ed from  their use, a n d the 
perform a n ce of the da ta. FDEP/FGS  further m a kes no warra n ties, either expressed or im plied as to a n y other m a tter wha tsoever, in cludin g, 
without lim ita tion, the con dition of the product, or its suita b ility for a n y particular purpose. T he b urden  for determ in in g suita b ility for use lies 
en tirely with the user. In no even t sha ll the FDEP/FGS  or its em ployees ha ve a n y lia b ility wha tsoever for pa ym en t of a n y consequen tia l, 
in ciden ta l, in direct, specia l, or tort da m a ges of a n y kin d, in cludin g, b ut not lim ited to, a n y loss of profits arisin g out of use of or relia n ce on the 
m aps or support b y FDEP/FGS . FDEP/FGS  b ears no responsib ility to in form  users of a n y cha n ges m a de to this da ta. An yon e usin g this da ta is 
a dvised tha t resolution im plied b y the da ta m a y far exceed a ctua l a ccura cy a n d precision.   
 
Com m en ts on this da ta are in vited a n d FDEP/FGS  would apprecia te tha t docum en ted errors b e b rought to the a tten tion  of our sta ff.  Beca use part 
of this da ta was developed a n d collected with U .S . Govern m en t a n d/or S ta te of Florida fun din g, no proprietary rights m a y b e atta ched to it in 
whole or in  part, nor m a y it b e sold to the U .S . Govern m en t or the Florida S ta te Govern m en t as part of a n y procurem en t of products or services. 
 


