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Presentation Overview (part 1)

¢ Purpose off Analysis
¢ Overview of information need

» Analysis Method
—Watershed delineation

— Hydroelogic analysis of sediment and
pollution using N-SPECT

— Circulation modeling
— Calibration of Results

¢ Limitations of the Analysis



Presentation off Results (Part 2)

¢ Increase In sediment and Pollution
due to human activities

¢ ldentification ofi most Impacted areas

¢ Future development paths and
IMpPacts

+» Monthly patterns

¢ Circulation Modeling and Calibration



Purpose of Analysis

¢ Modellpresent andifuture Impact ofi land
COVEr change and agricultural activities on
colral reefs

¢ Identify land most vulnerable to erosion
¢ guide stewarndship of vulnerable areas

¢ ldentify teols and a methodology that can
easily be transferred to analysts and land
stewards in the MAR region for mare
detailed local application



Threats to Coral Reefs from
| and-based Sources

¢ Sediment

¢ Nutrients

¢ ToXiIC
Substances

Photo: WWF, Sylvia Marin



Infermation Isineeded at many Junctures:

a) What 1s, ceaming offi the land (plot)?




Infermation Is needed at many junctures:

) What Is making It into rivers and streams?




Infermation Is needed at many junctures:

¢) What makes It to the river mouth?

Photo: WRI, Lauretta Burke



Infermation Is needed at many junctures:

d)What makes, it te the coral reefs?




1.\Watershed Delineation for MAR

¢ Basins delineated from 90m
reselution NASA SRTM data
(resampled to 250m corrected
with mapped river locations)

¢ 300 basins (of 5 sg km min.
size) Identified along MAR

¢ Mapping in Yucatan
complicated by underground
FIVers

¢ Basins available for review — on
wall and on CD




Delineation Is a long (and
subjective) process

1) Elevation data at
250m resolution




Delineation Is a long (and
subjective) process

2) Many rivers and lakes
superimposed for
“hydrological
correction.”



Delineation Is a long (and
subjectlve) pProcess

3) Basins (watersheds)
are then derived
through an
automated process.




Delineation Is a long (and
subjectlve) pProcess

4) Post-processing:

a) Basins below a
minimum size
excluded (5km?2)

b) “Pour Points”
iIdentified.




Results are better iIn some areas
than In others

Yucatan complicated by
arid climate and
underground rivers




atershed Delineation Results

Watersheds of the Mesoamerican Reef Region

Viatarshads (also know as basing) were derved from a
250 m resoiution hydrologically comected digital elevation
model (DEM). Thesa dala were davaloped under the
ICRAN Mescamercan Reef (MAR) project. The DEM ks
based on S0m resolution NASA Shuttle Radar Topography
Mission (SRTM) data, which were projected and resampled
to 250m resolution for use in land cover and hydrologic
modeling under the ICRAN MAR project. This delineation
Includes all watersheds with & minimum size of 5 5q. km
which flow onie the Caribbean or Gull along the MAR

Basins
B Coral Reefs
Rivars
I Lakes

Ciata Source

Waisrsheds were deiineated at he World Resources
Irwlilule (WRI) undes tha -ORAN MAR propecl. 2005

Covral Foeels are from Uiniversaty of South Flofda, nstiie Tor
Marine Remoles Sansing (IMaRS), "Millermium Coral Resd
Mapping Project,” 2004
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2. IHydrolegic Modeling of Eresion,
Runefif, Sediment and Pollutant
Delivery



Key Eactors fior Evaluation of
Land-based Threats

» Slope ¢ Land
Management
¢ Soll type /
characteristics —Crop types
— Tillage

¢ Precipitation

— Pesticide and
¢ Land Cover fertilizer

application



Key Eactors fior Evaluation of
Land-based Threats

» Slope &

¢ Soll type /
characteristics

¢ Precipitation

v



2. Hydrelogic Viedeling along| the MAR

¢ N-SPECT model
— Developed by NOAA
— Runs int ArcMAP

¢ Outputs:
— Runoft
— Erosion
— Nutrient runoff

— Sediment and nutrient (N
and P) concentration,
accumulation, and delivery




Why N-Spect?
¢ Public Domain Software (U.S. NOAA)
¢ Runs in ArcMap GIS interface

¢ Reasonably easy to run and use

¢ Collaboration with MBRS



N-SPECT Eunctions

¢ Rainfall-runoff model

— Soil Conservation Service
(SCS) curve number R, S
technigue S S W

¢ Pollutant model "%
— Event mean concentration

coefficients gy s -l

¢ Sediment yield model
— Universal Soil Loss Equation | ANNUAL. '
(USLE)
¢ Modified (MUSLE) EROSION MODEL '

¢ Revised (RUSLE) NONPOINT-SOURCE : EVENT MEAN
CONCENTRATION

~ MODEL CONCENTRATION




Physical Processes - Erosion

, Evapo-
(‘ Transpiration
N

((
l---r

y \Erosion
Overland flow
Nonpoint-source pollution

Infiltration

Runoff, tepography, soil characteristics,
and land cover determine sediment loads




Revised Universal Soll Loss
Equation (RUSLE)

Annual Soil Loss =
R*K*L*S*C*P

¢ R - rainfall erosivity factor

¢ K — Soll erodibility factor

¢ L*S — Slope steepness and length

¢ C — LLand Cover factor

¢ P — Supporting (Management) Practices




Revised Universal Soll Loss
Equation (RUSLE)

Annual Soil Loss =
R* K*L*S*C*P

¢ R - rainfall’ erosivity factor

& K — Soll erodibility factor

¢ L*S — Slope steepness and length
¢ C — Land Cover factor

.




Hydrolegic Medel Inputs

¢ Elevation — NASA SRTM data
resampled to 250m

¢ Current Land Cover —
Ecosystem Maps (2003/4) for
MX, BZ, GT, HN

¢ Precipitation — monthly
averages from WorldClim

¢ Solls — from FAO / SOTERLAC
world soils database




N-SPECT RUSLE application

— Slope and! slope length are
derived from elevation

— Land cover types linked to
erosion coefficients

— Precipitation linked to R-factor
(rainfall erosivity factor)

— Soll types link with K-factor
(erodibility factor)




Lanad Coever Eresivity: Factor (C-factor)

Land Cover Category C-Factor

Water 0.000
Forested Wetland / Mangrove 0.003
Evergreen Forest 0.004
Scrub/Shrub 0.014
Low Intensity Developed 0.030
Grassland 0.050
Cultivated Land 0.240
Bare Land 0.700

Land Cover Erosion factors fromm N-SPECT



Rainfall Eresivity Factor (R-factor)

Rainfall Erosivity (R-factor)

o Empirically derived

¢ Function of annual
precipitation and
elevation

¢ Collaborate with
Texas A&M on
calibration of
model Inputs




Eresion Calculated (RUSLE)

Annual Soil Loss =
R*K*L*S*C*P

Annual Sediment Delivery



Pollutants

¢ Pollutant

C O effi C i e n tS Pnicients Help @
— Land cover specificiisss | -
Coeffici “Water Quality Standards |
¢ Default
— Nitregen
— Phosphorus
— T3

¢ User—definable

— Pollutants
— Coefficients



NSPECT Model Outputs: Sediment and
Nutrient delivery at the rnver mouth

¢ Accumulated
Runoff

¢ Sediment delivery
and concentration

¢ Pollutant (N and
P) delivery and
concentration




N-SPECIT Model Runs

¢ Annual (long-term annual rainfall)

¢ Outputs:
— River discharge
— Sediment delivery
— Nutrient and TSS delivery

¢ Land Cover (varied)
— Current land Cover (2003/04)
— Three GEO Scenarios
— Hypothetical “natural” land cover




ent Land C Markets First

Sustainability First




o Evaluate Human Impact — what
might the “natural” landscape have looked like?

’"Current" land
cover (2003/4)

[ ] Basins
CURRENT Land Cover (2002/4)
I Developed

[ ] Cultivated

| Grassland
I Forest - Evergreen
[~ Scrub/ shrub
| Forested Wetland

' Bare Land

B Water
No Data

B Coral Reefs

Current Land Cover (2003/704)

Hypothetical “Natural”

Land Cover

Hypothetical "Natural"
land cover

[ ] Basins

"Matural"Land Cover

| Grassland

I Forest - Evergreen

| Serub / shrub

| Forested Wetland
 Bare Land

B Water
' No Data

B Coral Reefs




4, Estimating| sediment and nutrient
transport

¢ High resolution 4D (time
and space) circulation \
transport modeling

¢ Includes bathymetry and &
lagoons @

¢ University of Miami
(RSMAS) with TNC and
WRI

¢ Calibration using SeaWifs




Circulation Medeling — U of Miami

¢ Regional Ocean Circulation
Modeling (ROMS)

— 4 D (space and time)

— Ocean Circulation

— Passive Sediment Transport
— Includes reefs and lagoons
— Nested Scale (5km / 2km)
— Tides included

— Mean Monthly Outputs

zeta - 30 Aug of model year 1




¢

¢

¢

*

3.Model Calibration

Eield Plets

River discharge \ river mouths

— USGS and other survey data
Sediment reaching reefs

— WWE sediment samples

— AGRRA surveys on reef condition
— SeaWifis

Other sources???

— MBRS survey data?

— National Agencies?



Sediment Plume Calibration

¢ U

* S
O

*S

of Miami —

¢ New algorithm for
CDM (color
detritus matter)

nectral
otimization

nould have good

correlation with
sediment plumes



Limitations of Analysis

¢ Scale — Implemented at 250m resolution (90 m
available en CD)

¢ Management Factor - (P-factor) not included

— |Lack off data on Agricultural crops and practices

¢ Coefficients - Locally-derived pollution coefficients would
refine modeling

¢ Annual model runs (rather than event-based)
¢ Climate change not considered

¢ Limited Data for Calibration



Data Access

¢ All' data and model eutputs will be
made available
—on CD

— On SERVIR web site
Attp://servir.nasa.cathalac.org

¢ I TMEMS
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Questions / Discussion



Analysis Results



Analysis Results

» Which areas have highest sediment and
nutrient delivery?

¢ IHow much has sediment and nutrient
delivery increased due to humans?

¢ What influence might future land cover
have on sediment and nutrient delivery?

¢ Which areas are the most vulnerable to
erosion?

¢ Which parts of the MAR are affected by
sediment and nutrients?



Sediment Delivery by Basin

Annual Sediment Delivery from Watersheds (current land cover)

Ercsion, sediment transport, and sediment delivery at river
mouths was modeled using the Mon-paint Source Pollution
and Erosion Comparigon Tool (N-SPECT), The tool uses the
Revised Universal Soil Loss Equation (RUSLE) to evaluate
erasion basad on slope (derived from 250m resalution
elevation data), and eroswon factors denved from land cover
=oil type and annual precipitation. These estimates reflect
average annual sediment delivery by watershed based on
average annual precipitation and current land cover (2003/04.)

B Coral Reefs

[ | Basins

B Lakes
Rivers

Sedment defrvery by basm (kg) (Current land vse)
0 - 12000000
12000000 - 1000000000
1000000000 - 35000000000
5000000000 - SO000000000
SDO0DO00000 - TS000000000
TSOOOOO0M00 - 200000000000

Retative Sediment Dalivery at Pour Fosm [kg)

* Sraled to discharge at nver mouth
[ ]

Diata Sowrce

Sedment dalivery by watarshad was estimated ot WRI under
e ICRAN MAR project, 008

Wlersheds were delineaded al the WRI undar the ITRAN MAR
projecl, based on NASA Shultle Radar Topography

Mission (SRTM) data

Coral Rests are from University of Souh Flonds, instiuls for
Marina Remote Sensing (IMaRS), “Millannium Coral Reaf
Mapping Progect.” 2004

bk ¢ b B R Al T AR (VSO0 Al P 1L RAN WA piaeT Saghoal 28




1N

by Bas

Phosphorous Delivery

Nutrent Delivery.

Nitrogen Delivery




How much has sediment and
Autrent delivery increased due to
Aumans?



“Current™ vs, “Natural” Land Cover

¥ Current’ land
cover (2003/4)
Basins
CURRENT Land Cover (2003/4)
Developed
| Cultivated
[ Grassland
I Forest - Evergreen
| Scrub / shrub
| Forested Wetland
|| Bare Land
B \Water
| Mo Data
B Coral Reefe

| Water
@ Bare

O Wetland
@ Scrub
B Forest

O Grassland
CAg
B Urban

NATURAL CURRENT

Hypothetical "Natural"
land cover

Fhvatandcover Legend NATURAL CURRENT

| | Grassland
Bl Forest - Evergreen

e Urban 0.0% 0.3%

B Water
No Data

-5 Ag 0.0% 32.4%
; Forest 82.4% 50.6%
Wetland 6.0% 3.2%




“Current” vs. “Natural”

12000000 - 1000000000
| 1000000000 - 35000000000
B 35000000000 - S0000000000
B 50000000000 - 75000000000
- 75000000000 - 200000000000
Relative Sedimeant Delivery at Pour Paint (kg)

Sediment delivery by basin (kg) (Current land u
(- 12000000

* Scaled to discharge at river mouth
L

Sediment

Modeled Sediment
Delivery from hypothetical
"natural” land cover

) Under the scenario of

hypothetical "natural” land
cover, sediment delivery at
river mouths is only 20
millien metric tonnes.

MODELED

Ratio of Current /
Natural

River Discharge

1.7

Sediment Delivery

22.6

Nitrogen Delivery

2.9

Phosphorous Delivery

7.4

TSS Delivery

5.1




“Current” vs. “Natural” Sediment

Map shows percent of
current sediment
delivery that is “natural.”

Results for individual
Basins are available on
Data CD.

® Natural

@ Increase
From natu




Summany. of Increase In sediment
due te humans

Human Impact on Annual Sediment Delivery from Watersheds
(comparison of current verses hypothetical "natural” land cover)

Modueled Sedimen
Delivery for “Curram”
inmd cower (200004)

Uinder the “Clarent”
lard cover scenan,
an aglimatad 430
million mairic tormes
of gedimant are dis-
changed ot var mouths
pedoEn e region.
This s 20 limes the
sediment delivery
peeddiciod from
hypothatical “nalural”

Modeted Badiment
Dedvary fram Rypothatical
"RBIUrAT LA Cover

Under ihe scenanio of
hypothatcal "natural™ bnd
cover, gadimen! delvery at
river mauathas is only 20
milkon metnc ionnes.

n. sediment ranspor, and sedimenl
ry @l fiver mouths was modeled using

the Mon-point Source Foliution and Erosion
Comparison Tool (M-SPECT). The tool uses
the Revised Universal Soil Loss Equation
(RUSLE) 1o evaluale erdsion based on alope
(derived from 250m resolution ebevalion
dala), and erosion faciors denved from land

ar, a0l type and annual precipitation
These estimates reflect average anmual
sedimen delivery by waberahed for “curment”
and "natural” land Sover SCenanas

fw
imand dmiveery by banan jmiy

Sermuprd Dlwbvery al
sty hsechaign

Da#tn Sewnee
Sedimeni delvery
U nder the GRS

Buall: weie delinoated ol r\'ﬂl-l.lbau'lml HATA
Shuitis Hz:lur Topography Mission (SRTM) dain

Iulllluh Iu Marine Remobs .:unlmq T afS)
“Wiltnnrim Cornl Reaf Mapping Profc,® 2004
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What infillence might future land
cover have on sediment and
Autrent delivery?



® O Present and Simulated Land Use for three Scenarios in 2025, ICRA
UNER WOMC Mescamerican Reef (MAR) Catchment Area

=== Land Cover
. Scenarios

B Water
Bare
@ Wetland
Wl Scrub
i W Forest
" Susiairatlty Firet Scaneri, 2008 O Grassland
I _ ik ' B Ag
| B Urban




IHydrolegic Modeling Results -
Changes firom Current” by 2025 (%)

..

Policy First
Sustainability
First -2% -5% -3% -4% -4%




Annual Sediment Delivery from Watersheds (comparison of four scenarios)

Erosion, sediment transport, and sediment
delivery at river mouths was modeled using

5 » Modeled Sediment
the Non-point Source Pollution and Erosion

* Delivery for the GEO

Modeled Sediment
Delivery for "Current”

land cover (2003/4)

Under this baseline
scenario, an estimated
430 million metric
tonnes of sediment
are discharged at river

mouths across the region.

Modeled Sediment

"Policy First"

: ( & Delivery for the GEO

scenario (2025)

An estimated

448 million metric
tonnes of sediment
are discharged, a

4% increase over

the baseline scenario.

"Markets First"
scenario (2025)

An estimated

480 million metric
tonnes of sediment
are discharged, a
12% increase over

the baseline scenario.

o ;r"/ Modeled Sediment

. ¥ & Delivery for the GEO
"Sustainabilty First"
scenario (2025)

An estimated

408 million metric
tonnes of sediment
are discharged, a
5% decrease from

the baseline scenario.

@ I_CRJ_l‘_I‘ % R AT g’; ¢

Comparison Tool (N-SPECT). The tool uses
the Revised Universal Soil Loss Equation
(RUSLE) to evaluate erosion based on
slope (derived from 250m resolution
elevation data), and erosion factors derived
from land cover, soil type and annual
precipitation. These estimates reflect
average annual sediment delivery by
watershed.

Bl Coral Reefs
CURRENT - Sediment delivery by basin (mt)
| 0-12000
12000 - 1000000
[ 1000000 - 35000000
35000000 - 50000000
50000000 - 75000000
I 75000000 - 200000000
- 200000000 - 250000000

CURRENT Sediment Delivery at Pour Point
(scaled proportional to discharge) (mt)

0-12000
12000 - 1000000
1000000 - 35000000

35000000 - 75000000
75000000 - 200000000
. 200000000 - 250000000

MNote: Discs are scaled to sediment discharge
and do not reflect actual sediment plumes.

Data Source:

Sediment delivery by watershed was estimated at
WRI under the ICRAN MAR project, 2006,

Scenarios of land cover change were developed

at UNEP-WCMC for the ICRAN MAR project.
Watersheds were delineated at WRI| based on NASA
Shuttle Radar Topography Mission (SRTM) data.
Coral Reefs are from University of South Florida,
Institute for Marine Remote Sensing (IMaRS5),
"Millennium Coral Reef Mapping Project,”" 2004.

Map produced at Workd Resocurces Institute (WR ) under the ICRAN MAR
project, August 2006
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Which areas are the most
vulnerable to erosion?



Vulnerability

Wulnerabilty of land to
B Very Low
Low
Medium
I High
* Il Very High

il
v B 3

¢ Inherent Relative
Vulnerability

¢ Based on slope,
soll and
precipitation

¢ Does not

consider land
cover



Vulnerability of Land to Erosion in the MAR Region

Physical factors, such as the slope of the land, soil
characteristics, and the precipitation regime influence

soil erosion. Vulnerability of an area to soil erosion

was evaluated based on slope, annual precipitation

and soil characteristics for all land draining above

the Mesoamerican reef. In particular, vulnerability is a
function of slope of the land (in degrees), combined

with the rainfall erosivity factor (R-factor) and soil erodibility
factor (K-factor) for each 1 km resolution grid cell. This
indictor does not consider the current land cover or land use.
Rather, it provides an overall indicator of erosion-prone
areas, and therefore, a guide to areas where restrictions on
development or land conversion might be considered.

[ | Basins
Il Lakes

Rivers
Vulnerabilty of land to erosion
B Very Low

. Low
| Medium

[ High
B Very High

Data Source:

Watersheds were delineated at the WRI under the ICRAN MAR
project, based on NASA Shuttle Radar Topography

Mission (SRTM) data.

Vulnerability to erosion was estimated at WRI| based on

slope derived from NASA SRTM Data, soil erosivity

(K-factor from Soil and Terrain Database for Latin America

and the Caribbean (SOTERLAC)), and a rainfall erosivity

factor developed from annual precipitation from the
WORLDCLIM database.

Map preduced at Waorld Resaurces institute (WRI| under the ICRAN MAR project, August 2006
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Monthly' Runs — River Discharge
and Sediment Delivery

Discharge (mill m3)

River Discharge
Million m3

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Sediment (mt '000)

Sediment Delivery
‘O00 mt

0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec




Circulation Model

¢ Nested Circulation Model



Model

10)f

lat

Circu

8

jus

Results — model run

Iminary
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Sea\Wifs Calibration

December April

adg_soa: 51997346175118.L2A_5B adg_soa: 51998076175744.L2A_5B

¢ Search for
cloud! firee
Image

¢ New S.O.A
algoerithm for
CDM

mapping

Spectral Optimization Algonithm - e, (443); units = m-

Copyright (C) 2003-2006, C.P. Kuchinke and H.R. Gordon, University of Miami Department of Physics

lefl SeaWiFS image. 12 Dec 1997

right SaaWiFs image: 17 April 1908

left area = "Gulf of Honduras”™

right area = "Morthern coast of Honduras™

black = land

white = cloud; land straylight reflactance (coast); 8:qu(443) = 0.4 m-1 (Bays)




Euture Plans

» Completion ofi Circulation Modeling
¢ Voedel Calibration

¢ Final Data CD at ITMEMS




TThank you

¢ ICRAN MAR
WWW.IcCranmar.org

¢ World Resources Institute
reefsatrisk.wri.org

SUNITE



http://www.icranmar.org/
http://www.reefsatrisk.wri.org/
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