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This  Execut ive Summary inc ludes  a  condensat ion of t he  purpose and 

r e s u l t s  o f  t he  major t echn i ca l  tasks  and t he  Long-Range Planning task  

o f  the  F l o r i d a  Water Resources P r o j e c t .  The d e t a i l e d  t echn i ca l  informa- 

t i o n  i s  descr ibed i n  the  F l o r i d a  Yater Resources F i n a l  Report, 

Apr- i l  , 1950. 



The Sta te  o f  F l o r i d a  has a  very  d i f f e r e n t  s e t  o f  hyd ro log i ca l  c y c l e  sys-  

tems which make It unique among the  southeastern s ta tes .  These unique water  

supply and s torage fac to rs  w i t h i n  t h i s  system c o n t r i b u t e  t o  problems w i t h i n  

the S ta te  concerning the a v a i l a b i l i  ty  o f  water t o  meet the  expanding competi- 

t i v e  needs o f  the  S t a t e ' s  urban, i n d u s t r i a l ,  and a g r i c u l t u r a l  communities. 

i There i s  a  d i r e c t  c o n f l i c t  c rea ted  w i t h i n  t h e  S ta te  on t h e  demand of 

1 water by the var ious users. I n  t he  pas t  the  l a r g e  a g r i c u l t u r a l  demand has n o t  

created any problem; however, w i t h  t he  r a p i d  popu la t ion  increases i n  t he  S ta te  

and the  new i n d u s t r i a l  expansion, t h e  user c o n f l i c t  grows d a i l y .  Th is  growing 

c o n f l i c t  between users, coupled w i t h  the  uniaue F l o r ? d a  hyd ra log i ca l  supply 

problem, creates a  d e l i c a t e  balance between supply and demand which requ i res  

s p e c i f i c  extens ive data bases acd models t o  he lp  water  resources managers make 

L r e a l  i s  t i c  dec is ions concerning t h e i r  water resources. 

I 
The U n i v e r s i t y  o f  F l o r i da ,  I n s t i t u t e  o f  Food and Ag r i cu l  t u r a l  Sciences 

(IF.1S) had p : - e ~  i ous l y  :;GI-Led ;vi t h  sev2.-J' :f t h e  F l o r i d a  islatar ' lanage~znt  

D i s t r i c t s ,  and there fo re  was f a m i l i a r  w i t h  many o f  t h e i r  problems. IFAS had 

a1 so been working w i t h  t he  Nat i cna l  Aeronaut ics and Space Admin i s t r a t i on  ( N A S A )  

Kennedy Space Center Appl i ca+ ions  Prc j e c t s  Branch ( K S C )  on remote sensing 

research p r o j e c t s  d i r e c t e d  toward app ly in9  YASA technoiogy t o  a g r i c u l t u r a l  

pr6blems. With t h i s  background IF4S and KSC recognized t h a t  many developments 

i n  space technology had p o t e n t i a l  f o r  a p p l i c a t i o n  t o  the  c r i t i c a l  problem of 

F l o r i d a ' s  water resources. Since the  South F l o r i d a  Water Managevent D i s t r i c t  

(SFWMD) had been i n  opera t ion  f o r  many years and had worked w i t h  I F A S  on water  

management data needs i n  the past,  i t  was decided t o  develop a  j o i n t  Water 

Qesources p r o j e c t  amon? IFAS, X P S A ,  and SFtJMn. This r e s u l t e d  i n  the  submission 

of a NASA funded F lo r i da  Water Resources Yanaaement, Research and Technoloqy 

Object ives and Plans (RTOP) (UPN 177-55-91) i n  June o f  1977. This p r o j e c t  pro-  

posal n o t  on l y  inc luded a beginn ing e f f o r t  o f  t he  development of remote sensing 



data techniques f o r  the SFWMD, o f  more s ign i f i cance  i t  requ i red  the  development 

o f  a Long Range Plan, This  Long Range Plan would inc lude the cooperat ion o f  

a l l  f i v e  F lo r i da  Water Management D i s t r i c t s  and culminate i n  the development 

of a statewide Water Resources ~ a n a ~ e m e n t  Informat ion Sys tern, based on s ta te-  

of- the-art  remote sensing and Automatic Data Processing (ADP) technology. This 

! system would provide an adequate data base t o  help a l l  of the Water Management 

D i s t r i c t s  solve t h e i r  c r i t i c a l  water supply and water use a1 l o c a t i o n  problems. 

The p?oject  was proposed as a f ive-year  research program, however due t o  NASA 

funding problems, on l y  one year o f  the research program was funded. Therefore, 

the r e s u l t s  o f  the research program can on ly  be considered i n t e r i m  and fu r the r  

research would be requ i red  t o  develop f i n a l  conclusions. 

This one-year research p r o j e c t  consisted o f  seven technical  tasks and the 

development o f  a Long Range Plan requ i red  t o  implement the e n t i r e  f i ve-year  

research program. This Executive Summary Includes a condensation of the 

ourpose and r e s u l t s  o f  these technical  tasks and thz  Long Range Planning task. 

A method was developed whereby t + e  water balance budger model r e s u l t s  f o r  

Lake Okeechobee could be improved by using LANDSAT data t o  map the  complex 

1 i t t o r a l  zone vegetat ion by combining these p l a n t  comuni  t y  data w i t h  t h e i r  

respect ive t r a n s p i r a t i o n  rates. Since t t ie .p lan t  species are l i n k e d  t o  eleva- 

t i o n  through the hydroperiad, a vegetat ion c l a s s i f i c a t i o n  can a lso  prov ide an 

approximate map of ground e levat ions.  I n  order t o  c l a s s i f y  the vegetat ion of the 

1 i t t o r a l  zone, d i g i t a l  data from the LANDSAT ear th-orb i  t i n g  sate1 1 i t e  was 

analyzed on General E l e c t r i c ' s  mu l t i spec t ra l  image analyzer, the Imaqe 100. A 

t yp i ca l  LANDSAT Image 100 c l a s s i f i e d  l i t t o r a l  ton+> vegetat ion map i s  shown i n  

Figure 1. E iqh t  major marsh vegetat ion comuni  t i e s  i nc lud ing  sp i  kerush, water- 

1 i l y ,  c a t t a i l ,  cordgrass and sawgrass, beakrush, wi l low,  grasses, and guava, 

are depicted i n  Figure 1. The area occupied by each vegetat ion community and 

f o r  each stage e levat ion  range were used i n  the Lake Okeechobee water balance 



t i  gure 1 LA'IDSAT Classification %D o f  L i t t o r a l  Zone Veaeta t ion.  
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budget model t o  develop irnprovea est imates o f  l a ke  volume. These est imates 

were then conpared t o  est imates made by convent iona l  methods. The model 

r esu l  t s  based on t h i s  LAilDSAT i n fo rma t i on  denonstrdted a 94 percent  r educ t i on  

i n  cumulat ive 1 ake stage e r r o r  and a 70 percent  r educ t i on  i n  t5e  max i~um 

dev ia t i on  04 the  l a k e  stage. To v e r i f y  t h e i r  general  appi  i c a b i l  i t y ,  these 

techniques should be t es ted  i n  o the r  l a k e  2nd marshland comm~~ni t i e s .  

I n  south F l o r i d a  (SFWMD), t h ree  l a r g e  t r a c t s  o f  grassy marshland have 

tsen se t  as ide t o  a c t  as n a t u r a l  water  conservat ion areas. The volume of  

water s to red  i n  these conservat ion areas a re  quest ionable  because these areas 

a re  l a roe ,  remote, f l a t ,  and h e a v i l y  vegetated. LANDSAT Band 5 and Band 7 

radiance values were s t a t i s t i c a l  l y  c o r r e l a t e d  t o  e i g h t  known water  depth 

(s tage)  values. From t h ' ?  c o r r e l a t i o n  a  complete water  depth map o f  Conser- 

v a t i c n  Area 3 was nade by e x t r a p o l a t i n g  t h e  c o r r e l a t e d  values t o  r j d i a n c e  
I 

values throuqhout t he  area. A mao o f  t h i s  wa te r  depth/ rad ia?ce c o r r o l a t i o v  f o r  

Cons?rt~at;on +yea 3 (upper and lower)  i s  shown i n  F ics res  2 3 n ~  3.  Corre;3tfon 

c o ~ ~ ~ i c i e ? t s  as h iah  as 0.75 vere  ob ta ined  from the  Octcber I - .  19'5 LA??SAc 

scene. The water surface area occupied by each water  depth was used t o  

compute the  s torage capac i t y  i n  Conservat ion Area 3a. The volune o f  the s toraae 

area was ca l cu l a ted  f o r  var ious stages and compared to  convent iona l  data. The 

~ P S I J ~ ~ S  oC t h i s  comparison showed e r r o r s  f rom 9 t o  30 ~ e r c w t  l:!ith t h e  :arnrls: 

e r r o r  e x i s t i n a  between 5.17 and 8.17 ft MSL. Fu r t he r  research i s  needed t o  

I r e f i n e  t h i s  techniaue f o r  a l l  staqe l e v e l s  and t o  t e s t  i t  i n  o t h e r  conservat ion 

I areas. 

T" r n a ~ ~ i n c  o f  the vast  F l o r i d a  wet land areas i s  a  d i f f i c u l t  task due t o  

the  d i c f i c u l ^ v  o f  obtainin11 7 c c ~ s s  t o  the areas. 41so w r y  l i t t l e  r e s ~ a r r h  has 

Seen done on the  f low r e s i  t tance c h a r a c t e r i s t i c s  g f  t hpse  n a t u r a l  vpae ta t ion  

c o m u n i t i r s .  i h e r e i o r ~  one value o f  v a n n i ~ a ' s  '1 r ~uohneqs  c o e f c i c i s n t  has C re -  

cluent,?~ been I J ~ P ~ .  3 t a s k  was ~ ~ n d e r t a k e n  wher~;n LJ'I?SAT d a t ?  : v e v  I S P ~  '.n 



F i a u r e  2 ! . l o~e r  S e c t i o n  gf C o n s ~ r v a t i o n  4rsa ?a '.later ??nth  fa^ 
( ~ , J r l f l s A T  9ands 5 and '!. 



7:our. 3 L 3 n ~ r  Sect ion i f  'omer'ratin? + l roa  ?a ' l a t e*  Ce9t i  '"ar 
,' L.lBrDSJT 5 a r . l ~  5 anrl 7 ) .  
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t k e m a l  scanner da?a over  a 22-hour p e r i o d  was aathered f o r  the l a k e  a long  

l b v i t b  cons iderab le  su r face  and sub7urface data us inq  an ins t rumented boat .  

Sounding i n f o m s t i o n  used t o  c a l c u l a t e  t he  ac tua l  l a k e  volume was aathered 

Sy t b e  SFWW. Calcu la t ions  fmm These data d i d  o o t  adeauately p r c d i c t  the  

average l a k e  depth due t o  t h e m a l  s t r a t i f i c a t i o n  o f  t he  lake.  Therefore,  a 

s t r a t i f i e d  l a k e  model ( a  FORTAPPI program c a l l e d  LKVOL) was develooed t o  p r e d i c t  

1 ake depth and volume from measurement o f  i n t e r n a l  energy change and energy 

f l u x  exchanges. These c a l c u l a t e d  l a k e  areas and volumes when compared t o  ac tua l  

values, were a t  bes t  o n l y  w i t h f n  105 o f  each o ther .  I t  does n o t  apnest t h a t  t he  

prgcedure as  now developed woul d c o n s i s t e n t l y  p rov ide  s u f f i c i e n t l y  accurate  

r e s u l t s  f o r  opera t iona l  use. More ac tua l  t e s t  data need t o  be gathered t o  

f u r t h e r  r e f i n e  and develop t he  l ake  volume model. 

Dresent methods o f  o b t a i n i n g  r a i n f a l l  a ~ o u n t s  over  l a r g e  areas a re  v n s ~ t i s -  

c ac:ory Secause r a i n  gauoes a re  p laced  f a r  q m r t  and t + e i r  p o i q t  records do n o t  

reclei: t r g e  amounts rece ived  on the who;p qrounC surz3ce.  I -eth- ,d  , - !eeve:;?ed 

by Sco f i ? l d  and O l i v e r  (1977). based on t ! ~ e  enp i r i c31  r ? l ~ t i c n s h i 9  :$at '0 :"I- 

vec t ion  cumulus c louds t he re  appears t o  be a c o r r e l a t i o n  b e t w e ~ n  the  c l oud  to3 

b r i  ahtness temperatures and t h e  temperature a rad ien t  t o  the amount o f  r a i n  fa1 1. 

Software was developed t o  use ha1 f - h o u r l y  Geostat iunary  qcerat iona; Envi roomenta l  

Sa:ell:te I~JoE:) imageries f.c Teasure these temperature r c l ~ t i o n c h i n s  bjl the 

Sca f ie ld  and 9 l i v ~ r  methods and c3eck t h e  developed r a i n f a l l  data aoa ins t  arqund 

based radar  d a t a  ( f r o m  t he  U n i v e r s i t y  o f  Yiami)  and r a i n  aauges. Howe-~er, due 

t o  the  lac4  of  c 9 o r i i n a t e d  TOES and radar  data, adcauat. correiation was no t  

obtained. Othpr s i m i l a r  researc? Sy G r i f f i t h  11979)  and Fgl ldnshee ! lo731 daes 

i n d i c 3 t o  t n a t  sgch methods cou ld  3rov ide verv usec:ll r a i n c a l l  data 'cr t h e  

F l o r i d a  ;dater "anaoement Si s t r ' c t s .  Fu r the r  t e s t i v ~  o f  'hsse cetbo6s wi t9Sv :be 

? n w ~ t t ; n r ' a ' .  
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2 t v n i c a l  F l o r i d a  d r a i w a e  Sas!n. Tay lo r  Creek i n  s o u t 9  F l o r i d a ,  was 

chosen t o  t e s t  ~ e t 5 o d s  oC develoo inq e ~ a o o t r a n s o i r a t i o v  ( E f ;  values :or ~ a r i o u s  

v e ~ e t a t i o n  tvoes and c l i ~ a t ~ l o a i c a l  cond i t i ons  usina a e ~ i a l  thema1 scsmnpr 

*31d;atSnn data ~ n d  around reasurvd c1ima:olnaiial data. Two . ' i s s ' ~ i l a r  arpas 

were chosen =or studv oC 7 i a n t  cover.  One are3 14as p r i ~ a r i i ~ f  ir*prov.d 9rass 

pastures and tbe  o the r  area was a c i t r u s  grove. Ffgures S and 5 arc t he rqa l  

i~raaes from an a i r c r a f t - m o u ~ t e d  thermal scanner (8-14 &rn) f lown a t  heights  o f  

1.36 km and 2.43 km, r e s p e c t i v e l y .  The thermal data o f  F i ou re  5 pas tu re  

were obta ined a t  1222-1225 EST on A o r i l  25, 1978. The t h e r ~ a l  data o f  F iaure  6 

f o r  c i t r u s  were obta ined a t  1432-1435 EST on A p r i l  26, 1?;F. fhese two t h e r r a l  

?a:ferq Scenes were analyzed for  t h e  percentage o f  l a n d  area in sevev 5Pr  :nm.r- 

a t x e  i n t e r v a l s .  The percentaqes o f  the scenes were used 'J compute !T f r o n  

each comonent. Also, t h e  c i t r u s  ornve sceqe was * ' l ~ r t b ? r  d iv idoc!  ~Q:CI ~ 3 1 :  ar ld 

s h 7 r f  vsqetat ions.  I n  areas o *  v e a e t a t i o ~ ,  :he p h v s i c a l  c c n c + t i o n  o f  a a i w n  

. - 8  ,. . - ;=PC;P; q 3.3-pd Se <ic:erpnt: 3t.t iq t:> '*.--?' :-JC?F*;. . .11'5 - ,  

' h ~ r - d !  ; - 3 ~ ~ r y  0 4  - p m ~ l  ex v e g e ~ c ~ ~ p  ~ 2 * ~ 3 ; 3  >c,: -IC: ~ ' D C . ; :  y C :  'r>< b a r +  ~ ? q a e -  

: a n t  i s  shown. T h r ~ e  methods were i n v e s t i o a t e d  =or r~ 'c . , l a t inc l  E7 on a r-~,: iona' 

- basis.  A11 camouted sens ib l e  bea t  f l u x  densit:q C i r s t .  and ? k + n  com~uted  . 

C . n ~  tho weT.oy balance equat ion.  The f i r s t  Has t 3  c c ' r r i ~ ~ t e  (7 3u:k a e r i a l  r m -  

c :~+ancp  'r C j - ~ l s r  the a r ~ u n d  t r t ~ t h  ~ p n s i b l e  heat C l ~ ~  qe3sursmen?, 3 r d  Cpqm 5 - renote sensed sur6ace t e w ~ r ~ t g r e ,  and fram a i r  t a v e r a t u r p .  he second ~ e t h o d  

was t3 develoo a:~ospheric s*.abil i ' ;)r-correcf.ed heat  t rhn<o@r*.  c.befcicfents t o  I 

, - C?l~nd 17?1y in !he ' ,~rc lu lpnt ,~c: ic~av*:  ' , ; : r~r  ? S Q V P  the ~ r l r r  s u r c ? c a s .  ' *  
b 

+ i a t  t ? s  ?e~:~ra*,urc!  d :  c c s p ~ r - t c ~  i n  + ' l~  tlj+i~!~r)t 'e :~er  c q u l d  5c a ~ c ~ l r ~ t . 1  
I 

c 3 :  :tl1 d r ~ 8  Crnm t b p  surC?co :en*?qrac~lra t r~  a i r *.-per* t:lre " 7  ' C ~ ~ o r ) c ~  'do,' . 
- h i 5  AT, :$as thpr l j q ~ d  :n ~ ~ ' ~ ~ l q t i n q  f -  3~ C : r q :  : E ~ C ~ J ' ~ ~ ~ ~ ~ I  t q p  5 ~ n q i S l a  rpq: 

u - h e  t+:rrf qptqpn  J C , ~ ?  'p*_pqrqtpr j  ~ , - - ~ ' ' p  = * ? h i 1  : *  r7rr@r:;nrrt ,  

I 
'+ccnlr3*.e ?re.'i c : " ~ ~ I s  i r * ~  7rp*hn+ r o q t j i v p  t h p  > h i ' : L - /  c q  A ~ : p ) - m i n ~  ,hr 



F i a u r ~  5 in f ra red  I r r a u ~  of  P2s tu r~  S c ~ n e  i n  T a y l o r  Creek ',,latershed, 
4 p r i l  Z,?, 1978, a t  1222-1Z35 EST. P h o t o a r a ~ k e d  I r v m  
Irnaae 103. 





e f f e c t i v e  he igh t  o f  the  heat sotirce (:,,I t o  app lv  t o  t h e  e f f e c t i v e  source tem- 

pera tu re .  Once tClis value was determined, the req iona l  ET c a l c u l a t i o n s  were 

made f o r  t 5e  pas tu re  scene. The methodology was t es ted  on l y  over  s h c r t  urass 

surfaces. The techniques t es ted  i n  the  research proved t o  be more r e a l i s t i c  

i n  p r e d i c t i n g  ET f o r  sho r t  grass areas than the  use o f  t he  conlmon pan e v a p o r a t i ~ n  

technique. Fu tu re  work i s  needed on o the r  types o f  vegetated surfaces t o  b e t t e r  

def ine e f f e c t s  o f  wind speed, s t a b i l  i ty ,  su r f ace  roughness, p l a n t  h e i ~ h t ,  l e a f  

area index, and s o i l  mois ture cond i t i ons  on a e r i a l  res is tances .  Comparisons 

should  a l s o  be made between ET computed by r e l a t i v e l y  d e t a i l e d  surface tempera- 

t u r e  measurements and r e l a t i v e l y  l a rge -sca le  p i x e l  temperature measnrements. 

An eva lua t i on  was made o f  the  5FWMD three- dimension^? d o u i f ? ~  rode:  t3  

determine the f e a s i b i l i t y  o f  us i ng  remote sensina techniques t o  supoly a data 

base ' 3 ) -  :he m d e l .  It rvas found t h a t  rerrote sensinq i s  rest . ~ p r ? l i c d b i e  t o  

the model i n  d e f i n i n g  parameters which f o l  lorv the  mover~ient o r  wa tet- on t ' ie  

$* .11-~3co .  ir! desc r i b i nq  the  a rea l  e u t e v t  n f  sr : r f .~c? c ~ n , l i t 1 1 ~ ? ~  s ~ .  7 . .  c ~ ? l ~ - c \ ~ ,  

i r , ~   in,^:^. veae ta t inn )  which miqht  a fFect  brrt'l surc;lcr Clcr.! .Inc f'x hetxe tv  

s u r f ~ c e  :nd qroundwater, and i n  l o c a t i n p  d i r e c t  r v i d e r l c ~  o f  V n t s  5etrveer-t rlt-pun!- 

water  3r. .! s u ~ + ~ a c e  water (e.?.  . f ree- f low inq  we l l s ,  area? o f  qond d ra inaae \ .  

R,ldar sensors c u r r e n t l y  under development may soon extend t h i s  ranoe b e l n r ~  the I 
sub-fac~. Fur ther  develooment o f  t h i s  model by the SFWMD s h ~ ~ l l i  d be f luided t n  

a l l o w  the S e t t e r  m e  of r ~ m o t e  sensina as a data base. 

The f i n a l  qoal o f  the p r o j e c t  was t o  de\!eloo a r e n i ~ l e t e  !dater Resources 

Y,~t iac~rrcnt  11iform;itien C v s t ~ m  bilsed 011 t h ~  1 3 t ~ ~ t  s t ~ t r - o f - t 9 ~ - n r t  v-nrnore 

spns i r~r l  2nd ila t a  ~rocess;no tecClncrlorlv dnrl t o  demonqtrdtr art4 thetl itncrlt7m~nt 

.. 
I 

t h i s  FV~:PII: on tht. v ~ r i o u s  W a t ~ r  Y,~naqen-erit Clistricts '  :or,puter. h,?r$.v;lrc. o 
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warch 1975 through June 1979, when the FY '50 research prooosal  was due i n t o  

' IASA Headquarters. From these meetings twe lvo  d e t a i l e d  research tasks were 

def ined. F ive  major areas o f  concern t h a t  tended t o  be common t o  a l l  Water 

Vana?ement D i s t r i c t s  were unccve r~d .  These were: Mydrology, !dater Use. 

Environmental, C l imato logy,  and Data Base Yanagement. These major areas of  

concern were the  areas wherein t h e  Long-Range Plan would concen t ra te  i r  

developing means f o r  meet ing a l l  o f  t h e  c o m n  needs o f  t h e  Na te r  %naqement 

D i s t r i c t s  which would cu lminate i n  a complete Water Resources Management I n f o r -  

mat ion System. I n  August o f  1978 n o t i c e  was rece ived  from NASA Headquarters 

t h a t  t he  f ive-year  research and development program, proposed i n  June 1P i3 ,  

cou ld  no t  be fanded due t o  l i m i t e d  NASA funds. Therefore f u r t h e r  develoorent  

o f  the  Lonu-Ranae Plan ended and e f f o r t  was concent ra ted on documenting t he  

r e s u l t s  o f  the f i r s t  y e a r ' s  s tudy.  
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