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Weights of Evidence Model 
 
U se o f the Weights o f Eviden c e (Wo fE) m o delin g tec hn ique in vo lves the c o m b in atio n  o f diverse spatial data that are used 
to describ e an d an alyze in teractio n s an d gen erate predictive m o dels (for a detailed discussed o f this statistic al m o delin g 
tec hn ique see Bo n ham -Carter, 1994; Rain es et al., 2000).  Wo fE is a data-driven  pro c ess that utilizes kn o wn  o c c urren c es as 
m o del train in g sites to create m aps fro m  weighted c o n tin uo us in put data layers.  T hese input data layers, kn o wn  as 
eviden tial them es, are then c o m b in ed to yield an  o utput data layer (or result o f the m o del), kn o wn  as a respo n se them e 
(Rain es, 1999).  Wo fE was adapted to m in eral potential m appin g in  a GIS an d is b ased o n  the applic atio n  o f Bayes’ Rule o f 
Pro b a b ility, with an  assum ptio n  o f c o n ditio n al in depen den c e (Rain es et al., 2000).  Altho ugh Bayesian  theo ry has b een  
applied to gro un d- water related issues in rec en t years (e.g., So ulsb y et al., 2003; M eyer et al., 2003; an d Feyen  et al., 
2004), the spec ific applic atio n  o f Wo fE to gro un d- water issues is very lim ited to date (Chen g, 2004).  
 
Training Points Theme and Prior Probability 
 
T rain in g po in ts are lo c atio n s o f kn o wn  o c c urren c es.  In m in in g applic atio n s for exam ple, ore deposits are kn o wn  
o c c urren c es.  In an  aquifer vuln erab ility assessm en t, wells with water quality in dic ative o f high rec harge are poten tial 
kn o wn  o c c urren c es. T rain in g po in ts are used in  Wo fE to c alc ulate the fo llo win g param eters: prior probability (or, density 
o f train in g po in ts), weights for eac h evidential theme, an d posterior pro b a b ility o f the response theme.   
 
Evidential Themes 
 
An eviden tial them e is defin ed as a set o f c o n tin uo us spatial data that is asso c iated with the lo c atio n  an d distrib utio n  o f 
kn o wn  o c c urren c es, i.e., train in g po in ts. In GIS term s, an  eviden tial them e is an alo go us to a data layer or c o verage.  
Eviden tial them es in the m in in g exam ple m ight in c lude an  area’s pro xim ity to faults.  In the FAV A pro ject, so il 
perm ea b ility an d thic kn ess o f c o n fin em en t are exam ples o f eviden tial them es. Weights c alc ulated in Wo fE estab lish spatial 
asso c iatio n s b etween  train in g po in ts an d eviden tial them es. T he three eviden tial them es used fo r the SAS FAV A m o del are 
displayed to the right an d in c lude c lo sed topo graphic depressio n s, so il perm ea b ility, an d depth-to-water. 
 
Gen eralizatio n  o f eviden tial them es fo llo ws c alc ulatio n  o f weights in the Wo fE m o delin g pro c ess. T hem es are gen eralized 
in  an  effo rt to estab lish whic h areas o f the eviden c e share a greater asso c iatio n  with lo c atio n s o f train in g po in ts. Durin g 
c alculatio n  o f weights for eac h eviden tial them e, a c o n trast value is c alc ulated, whic h is a c o m b in atio n  o f the positive an d 
n egative weights (positive weight – n egative weight) as describ ed in  Introduction – Approach – Models Considered – 
Weights of Evidence. Co n trast is a m easure o f a them e’s sign ific a n c e in predictin g the lo c atio n  o f train in g po in ts an d helps 
to determ in e the thresho ld or thresho lds that m axim ize the spatial asso c iatio n  b etween  the eviden tial them e m ap pattern an d 
the train in g po in t them e pattern (Bo n ham -Carter, 1994).  
 
Response Theme 
 
Fo llo win g the gen eralizatio n  o f eviden tial them es, Wo fE o utput results are gen erated an d are kn o wn  as respo n se them es. A 
respo n se them e is an  o utput data layer sho win g the pro b a b ility (posterio r pro b a b ility) that a un it area c o n tain s a train in g 
po in t b ased o n  the eviden c e (eviden tial them e) pro vided.  Areas o f higher posterio r pro b a b ility in dic ate that an  area is m o re 
likely to c o n tain  a train in g po in t, whereas areas o f lo wer posterio r pro b a b ility in dic ate that an area is less likely to c o n tain  a 
train in g po in t.  For the FAV A pro ject, a respo nse them e c a n  b e a pro b a b ility m ap that is displayed in  c lasses o f relative 
vuln erab ility b ased o n  selected water- quality an alytes in  train in g po in t wells.  

Disclaimer 
 
T he FAV A m aps were developed b y the FDEP/FGS to c arry o ut agen c y respo n sib ilities related to m an agem en t, protectio n , an d respo n sib le developm en t o f Florida's 
n atural reso urc es. Altho ugh efforts have b een  m ade to m ake the in fo rm atio n  in  these m a ps ac curate an d useful, the FDEP/FGS assum es n o respo n sib ility for errors in 
the in fo rm atio n  an d do es n ot guarantee that the data are free fro m  errors or in a c curac ies. Sim ilarly FDEP/FGS assum es n o respo n sib ility fo r the c o n sequen c es o f 
in appropriate uses or in terpretatio n s o f the data o n  these m aps. As suc h, these m aps are distrib uted o n  an  "as is" b asis an d the user assum es all risk as to their quality, 
the results o b tain ed fro m  their use, an d the perform an c e o f the data. FDEP/FGS further m akes n o warran ties, either expressed or im plied as to an y other m atter 
whatso ever, in c ludin g, witho ut lim itatio n , the c o n ditio n  o f the pro duct, or its suitab ility for an y particular purpose. T he b urden  for determ in in g suitab ility for use lies 
en tirely with the user. In n o even t shall the FDEP/FGS or its em plo yees have an y lia b ility whatso ever fo r paym en t o f an y c o n sequen tial, in c iden tal, in direct, spec ial, 
or tort dam ages o f an y kin d, in c ludin g, b ut n ot lim ited to, an y loss o f pro fits arisin g o ut o f use o f or relia n c e o n  the m aps or support b y FDEP/FGS. FDEP/FGS b ears 
n o respo n sib ility to in fo rm  users o f an y c ha n ges m ade to this data. An yo n e usin g this data is advised that reso lutio n  im plied b y the data m ay far exc eed actual 
ac curac y an d prec isio n .   
 
Co m m en ts o n this data are in vited an d FDEP/FGS wo uld apprec iate that do cum en ted errors b e b ro ught to the attentio n  o f o ur staff.  Bec ause part o f this data was 
developed an d c o llected with U .S. Go vern m en t an d/or State o f Florida fun din g, n o proprietary rights m ay b e attac hed to it in  who le or in  part, n or m ay it b e so ld to 
the U .S. Go vern m en t or the Florida State Go vern m en t as part o f an y pro curem en t o f pro ducts or servic es. 
 

Training Points 
 
T here were a total o f 916 wells in  the FDEP Bac kgro un d Water Quality 
M o n ito rin g Netwo rk that were c o m pleted in  the SAS.  O f these wells, 442 
were m easured durin g the sam e sam plin g even t fo r b o th am m o n ia an d 
disso lved n itro gen  c o n c en tratio ns.  T his was a criterio n  fo r selectin g SAS 
train in g po in t wells. T he m easured values were then  c o m b in ed (disso lved 
n itro gen  plus am m o n ia; hereafter referred to as “total disso lved n itro gen ”) to 
pro vide a sin gle an alyte value per well o n  whic h statistic al an alyses c o uld b e 
c o m pleted.  
 
Am m o n ia c o n c en tratio n s were in c o rporated in to  the SAS train in g po in t data 
set to ac c o un t fo r areas o f the State with a high water tab le, prim arily in  the 
so uthern pen in sula.  In these areas, n itro gen  in  the fo rm  o f am m o n ia c a n b e 
m o re prevalen t where the high water tab le an d o rgan ic so ils create a reduc in g 
en viro n m en t.  If am m o n ia is n o t used in  c o n jun ctio n  with disso lved n itro gen , 
the SAS m o del results are b iased to ward areas with a thic k vado se zo n e (i.e., 
San d an d Gravel Aquifer).   
 
U sin g statistic al m etho ds describ ed in  Results – Data Coverages –Training 
Points, 52 wells were iden tified as o utliers an d rem o ved fro m  the dataset 
leavin g 390 wells fo r additio n al an alysis.  Further statistic al an alysis return ed 
a 75th perc en tile c o m b in ed m edia n  value fo r a total disso lved n itro gen  
c o n c en tratio n  o f 0.619 m illigram s per liter (m g/L).  T here were 92 wells 
o c c urrin g in the dataset with a total disso lved n itro gen  value greater than  
0.619 m g/L. T hese 92 wells were used to create the train in g po in t them e fo r 
in put in to  the SAS FAV A m o del. T he resultin g prio r pro b a b ility was 
c alculated at 0.0014, whic h represen ts the c ha n c e that a train in g po in t will 
o c c upy an y given  un it area within  the study area, in depen den t o f an y 
eviden tial them e data. 

Closed Topographic Depressions 
 
In the FAV A pro ject, clo sed topo graphic depressio n s were typic ally pro m in en t in 
areas o f high karst feature den sity.  Water gen erally c o llects an d rec harges the 
un derlyin g aquifers b en eath c lo sed topo graphic depressio n s.  Bec ause areas n earer 
to a karst feature are c o n sidered m o re vuln erab le to c o n tam in atio n  than  areas 
further away, a pro xim ity an alysis was c o m pleted fo r the c lo sed topo graphic 
depressio n s them e b y creatin g a 2,700-m b uffer zo n e aro un d eac h topo graphic 
depressio n  within  whic h equally-spac ed 90-m  in tervals were delin eated.  T he 
o uterm o st in terval c o n tain ed all areas o f the SAS exten t whic h lie 2,700 m or 
further fro m  a topo graphic depressio n .  Based o n  spatial an alysis, all train in g 
po in ts o c c urred within  2,700 m fro m  a c lo sed topo graphic depressio n , thereb y 
len din g support to that radial distan c e as a lateral thresho ld fo r the delin eatio n  o f 
in tervals within  the b uffer zo n e. 
 
As stated ab o ve, areas c lo ser to  a c lo sed topo graphic depressio n  are n o rm ally 
asso c iated with higher aquifer vuln erab ility, an d, as a result, weights were 
c alculated fo r the c lo sed topo graphic depressio n s eviden tial them e usin g the 
cum ulative asc en din g m etho d.  T he highest c o n trast o f an y c lass was c alculated at 
a distan c e o f 2,340 m fro m  a depressio n .  T he c alculated weights did n o t justify 
the selectio n  o f a m ulti-c lass them e b ec ause n either c o n trast n o r c o n fiden c e 
c alculated fo r the other classes supported delin eatio n  o f m o re b reaks. As defin ed 
b y the an alysis o f this eviden tial them e, the m o st appropriate b reak in  the c lo sed 
topo graphic depressio n s eviden tial them e was at 2,340 m creatin g a b in ary 
gen eralized them e fo r in put in to the SAS FAV A m o del.  In other wo rds, this 
an alysis in dic ated that areas b eyo n d 2,340 m o f a c lo sed topo graphic depressio n 
were, b ased o n  the lo c atio n  o f train in g po in ts, asso c iated with areas o f lo wer 
vuln erab ility. Co n versely, the an alysis in dic ated that areas within  2,340 m o f a 
c lo sed topo graphic depressio n  were, b ased o n  the lo c atio n  o f train in g po in ts, 
asso c iated with areas o f higher vuln erab ility. 

Depth-to-Water 
 
T he depth-to-water eviden tial them e used in  the SAS FAV A m o del was c alc ulated 
b y sub tractin g the water-tab le elevatio n  eviden tial them e values fro m  the FDEP 
DEM  values.  Areas where the depth-to-water was equal to zero  o c c urred o ver a 
large part o f the SAS study area an d, fo r the m o st part, c o in c ided with wetlan ds 
an d water b o dies.  T hese areas were c o n sidered surfac e water an d fo r the purpose 
o f m o delin g were c o n verted in to  “m issin g data” values.  T he FAV A appro ac h was 
n o t design ed to address vuln erab ility o f surfac e water b o dies, all o f whic h are 
vuln erab le to c o n tam in atio n .  T he depth-to-water eviden tial them e ran ged fro m  
o n e to 220 ft b elo w lan d surfac e, an d, fo r o ver 50% o f the study area was less than  
eight feet deep. 
 
Aquifer vuln erab ility fo r the SAS is n o rm ally asso c iated with areas o f high- water 
tab le (i.e., shallo w depth-to-water). A pattern iden tifyin g where the water tab le is 
c lo sest to lan d surfac e wo uld therefo re b e expected to b e a go o d predicto r o f 
train in g po in ts.  As a result, weights were c alc ulated fo r depth-to-water usin g the 
cum ulative asc en din g m etho d o f the Wo fE an alytic al tec hn ique. T he highest 
c o n trast c alc ulated fo r an y c lass was c alc ulated at a depth-to-water value o f 48 
feet.  As defin ed b y the an alysis, the m o st appropriate b reak in  the depth-to-water 
eviden tial them e equals 48 feet, thus creatin g a b in ary gen eralized them e fo r in put 
in to the SAS FAV A m o del.  In o ther wo rds, this an alysis in dic ates that areas in 
whic h the depth-to-water exc eed 48 ft were, b ased o n the lo c atio n  o f train in g 
po in ts, asso c iated with areas o f lo wer vuln erab ility. Co n versely, the an alysis 
in dic ates that areas in  whic h the depth-to-water is less than  48 ft were, b ased o n  
the lo c atio n  o f train in g po in ts, asso c iated with areas o f higher vuln erab ility. 

Soil Permeability 
 
So il perm ea b ility is a m easure o f the rate at whic h water travels thro ugh 
the upper vadose zo n e.  Areas with high so il perm eab ility values are 
n orm ally asso c iated with higher aquifer vuln erab ility.  Weights were 
therefore c alculated for so il perm ea b ility usin g the cum ulative 
descen din g m etho d.    T he highest c o n trast o f an y class was c alculated at 
6.3 in/hr.  
 
As defin ed b y the an alysis o f this eviden tial them e, the m ost appropriate 
b reak in  the so il perm ea b ility eviden tial them e was at 6.3 in/hr creatin g a 
b in ary gen eralized them e for in put in to the SAS FAV A m o del. In other 
words, this an alysis in dic ates that areas un derlain  b y so ils with 
perm ea b ility values ran gin g fro m  0.1 to 6.3 in/hr were, b ased o n  the 
lo c atio n  o f train in g po in ts, asso c iated with areas o f lo wer vuln erab ility. 
Co n versely, the an alysis in dic ates that areas un derlain  b y so ils with 
perm ea b ility values ran gin g fro m  6.3 to 20.0 in/hr were, b ased o n  the 
lo c atio n  o f train in g po in ts, asso c iated with areas o f higher vuln era b ility.  
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Study Area and Extent 
 
T he Surfic ial Aquifer System  (SAS) is the perm ea b le hydrostratigraphic un it in Flo rida c o n tiguo us with lan d surfac e that 
c o m prises prin c ipally un c o n so lidated silic ic lastic deposits, an d to a lesser exten t, c arb o n ate ro c ks.  T he lo wer lim it o f the 
SAS c o in c ides with less perm ea b le sedim en ts o f the top o f the Interm ediate Aquifer System/Interm ediate Co n fin in g U n it 
(IAS/ICU ; So utheastern Geo lo gic al So c iety, 1986).  T he SAS o c c urs thro ugho ut m uc h o f the State an d is used 
extensively in the western pan ha n dle (San d an d Gravel Aquifer) an d the so utheastern pen in sula (Bisc ayn e Aquifer) as a 
prin c ipal so urc e o f drin kin g water.   
 
T he prelim in ary exten t o f the SAS for the FAV A pro ject was b ased o n  the extent o f the IAS/ICU .  M o dific atio n s o f this 
prelim in ary extent were b ased o n  the distrib utio n  o f M io c en e-Plio c en e c lay-ric h sedim en ts as m apped b y Sc ott et al. 
(2001). In areas where sedim en ts o f the IAS/ICU  were n o t m apped o n  a regio n al sc ale, the SAS was n o t m apped fo r this 
pro ject (see Results – Data Coverages – Intermediate Aq uifer System/Intermediate Confining Unit Thickness for 
additio n al in fo rm atio n ).  Further refin em en t o f the SAS exten t was ac c o m plished b y o m ittin g areas where laterally 
c o n tin uo us SAS sedim en ts were c alc ulated at less than ten  feet thic k an d where IAS/ICU  sedim en ts were at or n ear lan d 
surfac e. In so m e in stan c es, SAS sedim en ts greater than  ten  feet in  thic kn ess were o m itted fro m  the exten t b ec ause they 
represen ted iso lated, disc o n tin uo us, lo c al pac kages o f sedim en t whic h do n o t fo rm  part o f a m ajo r regio n al aquifer 
system .  In so m e o f these areas, hydraulic heads in  the Florida n  Aquifer System  (FAS) an d surfic ial sedim en ts differ, 
justifyin g a lo c al water-tab le aquifer in  the areas; ho wever, these lo c al o c curren c es are gen erally disc o n tin uo us. Given  the 
statewide sc ale o f the FAV A pro ject, attem ptin g to m ap an d m o del these iso lated areas was b eyo n d the sc o pe o f this 
pro ject.  M aps sho win g the SAS exten t in  this report reflect o n ly areas where the SAS is presen t in  a laterally c o n tin uo us 
an d regio n al exten t. 
 
For m o delin g purposes, the extent o f the SAS was further revised to exc lude all areas c o vered b y b o th perm an en t an d 
seaso n al wetlan ds.  T hese wetlan ds were iden tified usin g the Natio n al Wetlan ds In ven tory (NWI) datab ase (U S Fish an d 
Wildlife Servic e, 1988-1993).  Wetlan ds were o m itted fro m  the SAS exten t b ec ause they were po o rly represen ted b y 
train in g po in ts, i.e., few wells existed in  wetlan d areas.  Durin g sen sitivity an alyses, m o del o utputs for the SAS that 
in c luded wetlan ds yielded m isleadin g eviden tial them e weights an d po o rly predicted vuln erab ility o f the SAS in wetlan d 
areas.  
 

Vulnerability Zones 
 
Z o n es o f relative vuln erab ility o f the SAS c alc ulated usin g Weights o f Eviden c e are displayed in  the large m ap to the far 
right.  As n oted in  the report, all aquifers are vuln erab le to c o n tam in atio n . As a result, this gen eralized SAS FAV A m ap 
reflects three levels o f vuln erab ility. Eac h zo n e represents a ran ge o f pro b a b ility values that an  area is vuln erab le to 
c o n tam in atio n  fro m  lan d surfac e. Eviden tial them es (data c o verages) used for in put into this m o del in c lude: so il 
perm ea b ility, an  area’s pro xim ity to c lo sed topo graphic depressio n s, an d depth-to-water.  
 
More Vulnerable  
 
Areas o f the vuln erab ility m ap design ated in  red represen t the more vulnerable zo n e b ased o n  o utput pro b a b ilities 
c alculated usin g Wo fE. T he more vulnerable zo n e en c o m passes appro xim ately 42,620 km 2, whic h is appro xim ately 66% 
o f the total study area. 
 
Vulnerable  
 
Areas o f the vuln erab ility m ap design ated in  green  represen t the vulnerable zo n e b ased o n  o utput pro b a b ilities c alc ulated 
usin g Wo fE. T he vulnerable zo n e en c o m passes appro xim ately 19,353 km 2, whic h is appro xim ately 30% o f the total 
study area.  
 
Less Vulnerable  
 
Areas o f the vuln erab ility m ap design ated in  b lue represent the less vulnerable zo n e b ased o n  o utput pro b a b ilities 
c alculated usin g Wo fE. T he less vulnerable zo n e en c o m passes appro xim ately 2,737 km 2, whic h is appro xim ately 4% o f 
the total study area. 
 
 


