
                                                                                                                

 

 
 

Protecting the Belize Barrier Reef System Biodiversity  
 
 

The Belize Barrier Reef System is a fragile environment where 

water health is highly important, and it is threatened by 

upstream human activities. The project team focuses on 

evaluating the water quality of Belize’s watersheds and the 

Belize Barrier Reef Lagoon in relation to human activity over 

time. This project addresses Sustainable Development Goals 

(SDGs) 14 (Life Below Water) and 15 (Life on Land) by utilizing 

Earth Observation data and in-situ data to support 

governmental decisions concerning human impact on water and 

coral reef health as well as official SDG reporting. 

  

 

OUTPUTS & IMPACT 

Development of  a  Google Earth Engine  app to model hi storical  
and future  land cover  chan ge as w ell  as  hyd rologic  modelin g 
(SDGs 14.2,  14.5,  14.a,  15.1,  15. 2,  15.5,  & 15.9)  

MODI S land cover  data  i s  ut i l i zed  to  pr oduc e b oth  his to r ica l  and 
fut ur e  la nd c over  models  for  Be l i ze  (Figur e  1) .  A base l ine  land co ver  
change  transformatio n w as estab l i sh ed  by  examining  Bel i ze ’s  
watershed  a nd lag oo n ch ang e fr om 2008 t o  2018.  Pro ject i on m odels  
wer e  crea te d for  th e  year s 2 030,  2 050,  207 0,  a nd 209 0.  

FIGURE 1. HISTORICAL LAND COVER CHANGE MODELING GOOGLE EARTH ENGINE APP. CREDIT: CLIMATE-
INFLUENCED NUTRIENT FLOWS AND THREATS TO THE BIODIVERSITY OF THE BELIZE BARRIER REEF RESERVE 

SYSTEM, SEPTEMBER 2020. 

SDG TARGETS 
 
 14.2 – sustainable 

management and protection 
of marine ecosystems 

 14.5 – conserve at least 10% 
of marine and coastal areas 

 14.a – develop technology & 
research capacities to 
enhance ocean health 

 15.1 – conservation, 
restoration, and sustainable 
use of ecosystem services 

 15.2 – sustainable forest 
management, restoration, 
and reforestation 

 15.5 – reduce habitat 
degradation, halt biodiversity 
loss, & prevent extinction 

 15.9 – integrate ecosystem 
biodiversity values into 
planning & development  
 

EARTH 
OBSERVATION DATA  

 
 Sentinel-2 
 MODIS 
 Landsat 
 DESIS-30 (International 

Space Station) 
 CHIRPS (Climate Hazards 

Group InfraRed Precipitation 
with Station) 
 

PROJECT TEAM  
 
 Principal Investigator: 

Robert Griffin, University of 
Alabama Huntsville (UAH) 

 Co-Principal Investigators: 
Emil Cherrington, UAH 
Alex Tewfik, Wildlife 
Conservation Society (WCS) 
Deepak Mishra, University of 
Georgia (UGA) 
Christine Lee, NASA JPL 

 
 

 



                                                                                                                

 

 

These mo dels operat e  under  the  assumption  that  conser vat io n e ffort s  
and c ondit ions wi l l  r ema in the  sa me,  bu t  th ere  ar e  mo dels being  
deve l oped that  pro ject  land  cov er  cha ng e in  ‘Co nser vatio n- focu sed ’  
sc enarios  a nd ‘D ev e lopm ent - focu sed’  scenar io s .  These mo dels hav e 
many  applicat ions,  one of  which  b ei ng  to  a ssess  and pr oject  futur e  
reef  and lag o on h ea lth.  Hydr ol ogi c  models  ha ve al so  been develop ed 
fr om ca lcul at i ons  o f  r ainfa l l  er osi vi t y  fac tor s ,  f low direct i on,  a nd f low 
accumulat i on .  The  pr oj ect  t eam is  using these  models  to  examine the  
relat io nship  bet ween r unof f ,  c l imate  change ,  and land cov er  ch ange .  
The  ar ea  of  focu s  has  been ex panded by a  NASA DEV ELOP  pr oj ect  
team to incl ude data  fr om part s  of  H ondura s,  M exic o,  a nd Guatemala ,  
which  g o es  t o sh ow  th e scop e of  th is  wor k.  I n  addi t io n t o  using  the  
mode ls in  SDG  rep ort ing ,  B e l i ze  ha s i nc l uded them in  th e c ountry ’s  
Coa sta l  Zo ne  Mana g ement  P lan ,  a n i mporta nt  d ocument  abo ut  
su sta ina ble  deve lop ment .  

 

 

 

Collection and  proce ssing of  in-situ  data in  relation  to Earth 
Observation data in  a  Google  Ear th Engin e app (SDGs 14.2,  
14.5,  14.a,  15.1,  15.2,  15.5,  &  15.9)  

Water  q ua l i ty  m ea sur ement s  of  n i tr og en,  ni trate ,  ammonia ,  a nd  
phosphates  wer e  obtai ned d uring  both the  w et  and dr y  sea so n t o 
ensur e  a  th or ough and a ccura te  analys is  (Fig ur e  2) .  An in-s i tu stu dy 
wa s c ond uct ed  on  mac roalg ae ,  wher e sa mples  were  ta k en  fr o m t en  
di f ferent  s i t es  a nd var i ous  rat io s o f  mo lar  car bo n nitr ogen,  and 
phosphate  exa mined (Figur e 3) .  Thi s study fou nd that  n itr og en t o 
phosphate  ra t i os  have  i ncreased by a t  leas t  2 00 % o ver  th e past  thr ee  
decades  in the Bel i ze  B a rr ier  Reef  System.  Ano th er  st udy  lo oks  at  TSS 
(tota l  su sp ende d sol ids)  es t ima ti ons  in  th e Bel i ze  Bar r ier  R eef  
Lag oon.  Th e go al  of  this  study  i s  t o create  a  mach ine lea rning TSS 
mode l which wi l l  a na lyze  f luc tuat i ons in  TSS  a s wel l  a s  nutr ients  in  
the la goo n.  Fi na l ly ,  a  ba thymetry  mod el  was  cr ea ted  t o h elp  th e 
go vernment  end-u ser s  understand the  ro le  wat er  c olumn depth  p la ys  
in  wat er  qua li ty .  Al though this  wor k focu ses  on  Be li ze ,  th e  
meth odo logy  ca n be  app l ied  t o oth er  imp orta nt  water she d ar ea s.  
These ap ps  wi l l  soo n be used  in  SD G r ep ort i ng ,  but  i s  a lso in  Be l i ze ’ s  
Int egrat ed C oa sta l  Zone Manag ement P la n,  a n importa nt  document 
abo ut  guidi ng deve lopment  in  Be l i ze .  

 

KEY PARTNERS 
 
 Graduate Students:  

Christine Evans, UAH 
Vanessa Martin, UAH 
Megha Rudresh, UGA 
Ileana Callejas, UCLA 
Mariam Ayad, UCSC 

 Percival Cho: Ministry of 
Agriculture, Fisheries, 
Forestry, Environment, 
Sustainable Development, 
Immigration 

 Coastal Zone Management 
Authority & Institute: 
Chantalle Clarke, Arlene 
Young, Andria Rosado, & 
Samir Rosado 

 Martin Alegria: 
Department of the 
Environment 

 Wilbert Estrada: Bowen & 
Bowen, Ltd. 

 Jorge Cabrera Hidalgo: 
Central American 
Integration System 

 Mario Arturo Escobedo 
Lopez: Integrated Ridge to 
Reef Management of the 
Mesoamerican Reef 
Ecoregion Project 
 

GOOGLE EARTH 
ENGINE  APPS 

 Historical Land Cover 
Change Analysis 

 Belize Barrier Reef System 
Analysis  

 

PUBLICATIONS  

 Macroalgae Reveal 
Nitrogen Enrichment and 
Elevated N:P Ratios on the 
Belize Barrier Reef 

 Use of Public Earth 
Observation Data for 
Tracking Progress in 
Sustainable Management of 
Coastal Forest Ecosystems 
in Belize, Central America 

 Effect of COVID-19 on 
Anthropause on Water 
Clarity in the Belize Coastal 
Lagoon 
 

FUTURE WORK  

 Project extended by 1 year 
due to COVID-19 setbacks 

 Additional in-situ data to 
be collected and integrated 

 Development of a 
forecasting system app 
 

FIGURE 2. LEFT: IN-SITU WATER SAMPLES BEING COLLECTED BY MYLES PHILLIPS; RIGHT: MACROALGAE 
STUDY IN-SITU SAMPLING SITES. CREDIT: LEFT: WILDLIFE CONSERVATION SOCIETY, BELIZE; RIGHT: 

CLIMATE-INFLUENCED NUTRIENT FLOWS AND THREATS TO THE BIODIVERSITY OF THE BELIZE BARRIER 
REEF RESERVE SYSTEM, SEPTEMBER 2020. 


