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EXECUTIVE SUMMARY

1.0 Executive Summary
1.1 Background

The Nature Conservancy (TNC) under the USAIO Environmental Protection Program is

implementing two Water Funds for the Nizao, Haimad Ozama basins and the Yaque del Norte basin

The Water Fund is a financial mechanisnsupport theimplementation of conservation practices in the
basirsto provide on a longerm basisfresh, clean water to the endsers in thavatershedsin

prepartion for the establishmenand developmenbf the Water Funds in the Dominican Republic, TNC
requested assistance froRiverside Technology, in®iversidejo evaluate the impact of climate and

land use changes in the water and sediment production in the Nizao, Haina, Ozama and Yaque del Norte
basins The results of this study will be used as guidance to propose changes in land use land cover that
will improve the current hydrologic conditions of the basins angport adaptatiorfor potential future

climate changes.

1.2 Objective

The primary objective of this study was to analyze the changes in water and sediment produiction
potential future climate projectios and land use land cover scenaribse Soil and Water Assessment
Tool (SWAT) was used to simulate the hydrologic and sediment response of the basins to different
climate projections and land use land cover scenarios.

1.3 Approach
The approach taken to assdb®e impact of future climate and land use land cover changes was to:

1 Select five climate change projections representative of the range of outputs from different
climate models.

1 Develop five future land use land cover maps representative of potentied euld conservation
practices in the Dominican Republic.

9 Calibrate the SWAT modadinghistorical climate data and the most recent land use land cover
map. The results from these models represent the baseline condition.

9 Simulate the hydrologic and sediment response of each study basin using the calibrated SWAT
model with the future land use land covecenariosand the selected future climate projections.

1 Compare the results of water yield, sediment yield, basefeovd peakflow across all climate
change projections and land use land cover scenarios including the basmtidigon

This approach led to the following four major tasks:

Task 1: Land Use Land Cover Modelifigis task was performed in collaboration with ttakeholders

of the Dominican RepubliRiverside and TNC facilitated two-site workshops to identify current
concerns in the basins and propose rules to develop five future land use land cover scé&tiaeissde
used the data gathered at the stakeheldvorkshops to simulate the spatial expansion of urban and
agricultural lands over timeédditional rules were superimposed over the land use modeling results to
reflect different management practice$he land use land cover scenarios modeled includesinBes
AsUsual, Best Management Practice, Conservatimyelopmentand CombinationTheCombination
scenario assumed conservation practices in the headwateibssins and development in the lower
part of the basins.

Task Z; Selection of climate modplojections- Available climate model outputs for two emission
scenarios (A2 and B1) and two future time peri¢2i3462065 and 2082100)were assessed in this
study. The assessment of the climate projections were perforigdroupingall the available datanto
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a single populatiomegardless of the emission scenarand future time periodThe main objective was
to characterize the future climate over the next centunderstanding thateme projections might
occur sooner with greategreenhouse gas emissions or be more delayed with fewer emisgiaset
of FIVEclimate change projectionsut of a population of 36 projectionsas used in this study to
characterize the future climat@he selected projectionizelong tothree climat zonegepresentative of
the change of climate conditions between the historical and the future peridlde climate zones are:
Dry and Hot, Median, and Wet and Warfihe Dry and Hot zone represents a reduction of precipitation
and increasén temperatureon an amual basis while the Wet and Warm represents an increase in
precipitation and a slightly lower increase in temperature/o projections were selected in the Dry and
Hot climate zone, one projection in the Mediaoneand two more in the Wet and Wa zone The
reduction of precipitation is expected to reduce the water yield, peak flow and sediment yield in the
basins while the opposite effect is expected to occur with projections in the Wet and Warm Zomees
Median zone represents an intermediatbmate condition between the other two zones.

Task X SWAT Model CalibraticrHistorical hydroclimatologic data available within and around the
study basins were first qualigontrolled. The SWAT model was configured for each study basin using
the mostrecent land use land cover and soil magrsd the quality controlled climate datdhe models
were calibrated to match the longgrm water volumes observed at the streamflow gagEse

calibrated model parameters were used to project water and sedirpemduction in the basins using
the modeled land use land cover scenarios and the selected climate change projestiexygained in
Task 4

Task 4 Hydrologic Simulation Using Future Land Use Land Cover Scenarios and Climate Prdjaations
different SWAT models were setup for each study basin to simulate the impact of climate change and
land use in the water and sediment yielBach model used a different land use land cover scerfaoio

the 2003 land use land cover, a total of five climate changgeptions were inputFor the other land

use land cover scenaripthe impact of climate change was evaluated with three climate projections.
Each projection is representative of a climate zone (Dry and Hot, Median, Wet and \WWaeinpacts

of the futureland use land cover scenarios and climate projections were evaluatedghiie analysis

of the annual change in water yield, sediment yield, pak, and baseflow.

1.4 Findings

The land use land cover modeling results reflect the land use rules propgdbe stakeholders in the
Dominican Republid@hese rules do not represent current policies and regulatibasthey do reflect
hypothetical conditions that might occur under each of the scenailibe conservation and
development scenarios representeghmost extreme conditiong-or conservation, the maicriterion was
to impose conservation practices regardless of pogential urban growth and development in the
basins The opposite was assumed with the development scenariwere development was the ajor
driver to buit the scenario

The pool of 36 climate change projections from wHigh projections were selected showed a broad
variability in projected future precipitation and temperature in the study bagMigprojections showed

an increase imean annual temperature from just ovef tb 3.5’ Celsius with respect to the historical
mean. Meanwhile, the average annual percent change in precipitation with respect to the historical
varies from about40% to +20%T he monthly percent changes in precipitation do not show a consistent
seasonality among all the projections.

The calibration of the hydrologic modatas limited to some exterlty the availability and quality of the
data The lack of correlation betweehe streamflow andhe precipitation data seems to b part,
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the result of the sparse precipitatn station network Assumptions were made to account for irrigation
in the basinsReservoir modeling was out of the scope of the project

The hylrologic response of the basins the combinel change of land use land cover and climistéhe
result ofcomplex processed.he hydrologic responses are noireehr result of the inputsEach basin

has particular storage characteristics that are the resuthefsoil drainage properties and land cover
type. The sequence and frequency of precipitation eveaigmificantlyimpact the resultsThe
antecedencenoisture conditions of the soil will affect the amount of water that will runoff in the basin
due to a gien precipitation eventAdditionally, he timing of the events in relation to the stage of the
vegetationcanopy afécts the erosion of the soil and the simulated sediment yield

The land use land cover scenarios that produce more water and less sedirearonsidered the best
scenarios to adapt to future climatel® general, the change of land use type from forest to agriculture
produces more water yield and more sediment.

For the Haina basin, th@mbination andDevelopment scenarios tend to prodeithe largest amount of
water yield. Meanwhile, th€onservation andest ManagementPractice scenario tend to produce the
least amount of sedimentn depth analysis of the land use land cover changes at thédvasin scale
can provide guidance to design intermediate land use land cover scenario more favorabnto
increasein water yield andareduction in sediment together

For the Nizao basin, th@ombination scenario produces more water yield in the form of baseflow and
the Gonservation scenario pduces the minimum sediment yields inthe Hainabasin an intermediate
scenario that combines the changes of tt@mbination andConservation scenarios might be more
appropriate tosimultaneouslyncrease water yield ahreduce sediment

For the Ozamadsin, theConservation land use land cover scenario is more favorable with respect to
reductions in sedimenyieldand increases in water yield and baseflow under future climates.

For the Yaque del Norte basin, tBestManagementractice scenario produsethe largest water yield
in the form ofbaseflowandthe lowest sediment yield

It is recommended to extend this study to include models for irrigation diversions, return flows, and
reservoir regulationRegulation modeling will allow water users to assthe impact of land use and
climate change on water availability at a specific time and point in the watershed
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2.0 Introduction

Riverside supported TNC under the USANIC Environmental Protection Program to evaluate the
impact of projected climate change and potential land use changes in the hydrologic and sediment
regimes of the Haina, NizaBzamaand Yaque del Norte watersheifsthe Dominican Republic.

Land use and climate changes affect hydrologic regimes and sediment production. Assessing and
guantifying the impacts of land use and climate changes are critical activities for many watersheds and
water managers worldwide. Thassessment requires complex modeling activities to simulate the future
longterm effects of climate change scenarios and possible future land use land cover (LULC) projections
that might mitigate and reduce the severity of the impacts of climate changeater production,

water availability and sediment production.

Watersheds provide hydrologic services to society including water for human consumption, domestic
use, irrigation, hydropoweproduction,as well as plant and fish habitathe potential effets of global
climate change in the Dominican Republic are of concern to decision makestudy provides

scientific results to support the decision makers in the development of policies that will benefit the
conservation of the basins and the water tsef the watersheddn this regard, the Dominican

Republic is increasing its capacity to adapt to the impacts of climate change through the initiation of a
Water Fund Platform\Water users will potentidy invest in the conservation of the watershedsldaling

the policies proposed by the decision makérke results of this project will be used as guidelines to
develop the Water Fund plans and activities.

The main objective of this project is to quantify the impact of climate and land use chiarngpe water
yield and sediment load using the Soil and Water Assessment Tool (SWAT). The specific objectives of this
project include:

1. To analyze and quality control the historical climate data in the Haina, Nizao, Ozama and Yaque
del Norte basingor use inhydrologic models.

2. To configure and calibrate the Soil and Water Assessment Tool (SWAT) for the four study basins
using the most recent land use land cover data and the quadityrolledhistorical climate data.

3. To conduct a stakeholder workshop in the Doitéim Republic to delineate the rules under
which the land use land cover projections will be modeled.

4. To model five land use land cover scenarios based on the rules delineated by stakeimallders
Dominican Republic

5. To select five climate change projieets representative of the future climate to evaluate the
effect of climate change using SWAT.

6. To evaluate the effects of the selected climate projecsiand the five land use land cover
scenariosn the water yield and sedimemroductionusing the SWAmodel.

7. To conduct training on SWAT modeling to local professionals.

This report summarizes the methodology and results of the profaettion3.0 describeghe data
collection and analysis tasBection4.0includes the description of the landge land cover modeling
task.Section5.0 presents the results of the selection of the climate change projections used in this
project The configuration and calibtian of SWAT is presented 8ection6.0. The results and final
analysisareincluded inSection7.0 andthe conclusions and recommentians are presented isection
8.0.
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2.1 Study Area

Figure2-1 shows a map of the project regiohhe HainaNizao,and Ozara basin are located in the
southern partof the Dominican Republic and surround the city of Santo Domifige Yaque del Norte
basin is located in theorth west part of the country and contains the city of Santiago, the second
largest city in the countryTable2-1 lists the basin areas and the minimumaximum,and average
elevations.

Elevation (m)

[ ]-14-250 | 1.000- 1500
[ 250-500 | 1500-3.115

[ 500 - 1,000
W E
0 25 50 100 Kilometers
| . . ]

s L L | 1 |

Figure2-1. Location of the Nizao, Haina, Ozama and Yaque del Norte basins in the Dominican Republic

Table2-1. Area and elevation of the Nizao, Haina, Ozama and Yaque deteNmasins
Area (sgkm)  Mean Elev. (m)  Min. Elev. (m) Max. Elev. (m)|

Yaque del Norte 6859 545 0 3104
Haina 561 337 0 1483
Ozama 2894 129 0 932

Nizao 1040 887 0 2835
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3.0 Data Collection and Analysis

The data collection and analysis task consisted in gathering afifttrenation available for the SWAT
hydrologic modeling of the Yaque del Norte, Nizao, Haina and Ozama basins in the Dominican.Republic
SWAT requires many inputs due to the broad application of the model. Howeveg f@wlyinputs are
required for particlar modeling cased he focus of this projeatasmodeling water and sediment
volumes. Therefore, climatspil,and land use data were collected for these purposes.

Collected data were inventoried to assess the completeness of the datdRsetsfilesvere formatted
into formats consistent with the different data analysis tools and with SWAIi§ chapter summarizes
the data collected for the project as well as the data analysis procedures and results.

Two data sets were receivespatial data setshiat comprise several Geographical Information System
(GIS) layers and climate data including point precipitation, temperature, streamflow, relative humidity,
and wind speed.

3.1 Spatial Data Sets

Different spatial datasets for the entire country were provddey TNCTable3-1 lists the data along
with the original source file name or geo database, period of record and original projection.

In preparation ¢ data inputs for SWAT, Riverside modified the original data as follows:

1 DEM tiles were mosaid into a single DEM and projected to UTM. 29hill shade grid was
developed.

1 An Isoheytal map for the entire country for the 198000 period was provided in hard copy
TNC The source of the map ithe Atlas Digital de Biodiversidad y Recursos Naturales de
Republica Dominicana, Subsecretaria de Estados de Educacion e InforArabiéntal, Agosto
2006 Riverside digitized the iseltal map and developed a digitized contour map and grid as
shown inAgure 3-1.

The most recenkand useland cover (LULC) dataset available for this project was the map developed in

2003 Each LULC type available in 2003 was mapped to the SWAT land use land cover types included in

the SWAT database as shown in
Table3-2.
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Table3-1. Summary of GIS data received from TNC indicating name of the file, period of record and original

projections

GIS Data Processing

Input Sources

Period of Recor

Original Projectio

Recent (within the last 5 years) land use
land cover (LULC), including cropland,
vegetation, forest, urban areas in fine
resolution (30 meter preferred).

Farms \PADRON_GEOREF.mdb\Fincas Unknown WGS UTM 19
uso_03 2003 WGS UTM 19
90mLc \DR_July09.gdb\Dominican_Republic\nc_do_lc_use_04 90m_15felp05 2004 WGS UTM 19
Hydrography
Basins \Hydrography\Cuencas_RD.shp NA Nad27 UTM 19
Subbasins \Hydrography\Subcuen_RD.shp NA Nad27 UTM 19
Rivers \Hydrography\rios_nacional.shp Unknown Nad27 UTM 19
Lakes \DR_July09.gdb\Dominican_Republic\nc_do_fw_lakes04_30m_15f¢b05 2005 WGS UTM 19
Roads/Transportation \DR_July09.gdb\Dominican_Republic\xnc_do_infr_roads_09feb04 2004 WGS UTM 19
Political/Administrative boundaries
Country \LandUse_LandCover\rd.shp NA Nad27 UTM 19
Municipalities \LandUse_LandCoven\municipios.shp NA Nad27 UTM 19
Provinces \LandUse_LandCover\provincias.shp NA Nad27 UTM 19
Wildfires \Fires\puntos calor incendios 2005.shp 2005 Unknown
Wildlife/Biology
\DR_July09.gdb\Dominican_Republic\nc_do_terr_wwf_ecoregions|
Ecoregion eb05 2005 WGS UTM 19
\DR_July09.gdb\Dominican_Republic\nc_do_tgt_mar_humback_wHh
Whales _13jul09 2009 WGS UTM 19
Manatee \DR_July09.gdb\Dominican_Republic\nc_do_tgt_mar_manatee_13jul09 2009 WGS UTM 19
Seabirds \DR_JuIyOQ.gdb\Dominican_RepubIic\nc_do_tgt_mar_seabirds_l3jLI09 2009 WGS UTM 19
Turtles \DR_July09.gdb\Dominican_Republic\nc_do_tgt_mar_turtles_13jul(9 2009 WGS UTM 19
Mammals
Marine National Parks \DR_July09.gdb\Dominican_Republic\nc_do_pas_2000_marine_06pct00 2000 WGS UTM 19
Population predictions
Municipalities \DR_July09.gdb\Dominican_Republic\xnc_do_poli_municipals_15dec03 1993/1981
All permits: mining, logging, etc.
concessions \mining\concesiones.shp Unknown Nad27 UTM 19
exploitation \mining\explotacion.shp Unknown Nad27 UTM 19
Protected lands (private, public, gov't,
easements) WGS
SINAP (National System of Protected
Areas) \SINAP-ProtectedAreaSystem\SINAP.shp Unknown Nad27 UTM 19
Caribbean protected areas \SINAP-ProtectedAreaSystem\car_prot_area_aug2011.shp 2011 WGS

DEM/Hill Shade

ASTER 30m tiles

"% RIVERSIDE




DATA COLLECTION ANIALYSIS

_— High : 3188

— Low: 291

FHgure 3-1. Isoheytal map for the 195@000 period for the Dominican Republi€ontour lines are every 200 mm

Table3-2. Percentage of Landuse Code by Basin

Description
AGRC| Agricultural Cultivos Intensivos 6.78% | 1.28% | 0.73% | 8.63%
Landg Close
grown
AGRL | Agricultural Agricultura Mixta/Coco/Cacao 13.56%| 6.18% | 10.14%| 22.33%
Land- Generic
COFF | Coffee Cafeé 5.65% | 0% 0% 1.26%
OILP | Oil Palm Palma Africana 0% 0.31% | 2.22% | 1.34%
ORAN| Orange Citricos 0% 15.68%| 0.01% | 0%
SUGC| Sugarcane Cafa 0% 9.34% | 36.98%| 5.11%
RICE | Rice Arroz 11.41%| 0% 0.56% | 0.02%
PAST | Pasture Pasto 8.50% | 11.97%| 10.37%| 5.74%
RNGB| Range Brush Matorrales Seco/Matorral Latifoliado 15.50%| 2.66% | 2.41% | 2.08%
FRST | Forest Mixed Bosque Latifoliado Nublado/Bosque 13.00%)| 45.34%| 31.43%| 39.12%
Latifoliado Humedo/Bosque Latifoliado Sem
Humedo/Escasa Vegetacion
FRSE | Forest BosqueConifera Denso/Bosque Conifera 14.55%]| 1.20% | 0.15% | 11.76%
Evergreen Abierto
FRSD | Forest Bosque Seco 8.79% | 0% 0% 0.87%
Deciduous
URBN| Urban Zona Poblada 1.84% | 5.97% | 4.93% | 0.15%
WATR| Water Mar/Presas 0.38% | 0.01% | 0.01% | 1.45%
WETL | Wetlands- Sabana de Humedalég Agua Dulce/Sabana 0.05% | 0.05% | 0.06% | 0.14%
Mixed de Humedales Salobres/Eneal/Mangles
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In addition to the data provided by TNC, Riverside retrieved soil data for the entire country from the
Harmonize World Soil Database (HWSD) available online at
http://webarchive.iiasa.ac.at/Research/LUC/Exterdbrid-soitdatabase/HTML./This database is a
compilation of four source databases for the entire wofldeDominican Republic soil dataset comes

from the soil and terrain digital database for Latin America and the Caribbean at 1:5 Million scale, FAO
Land and Water Digital Media series #5. FAO, Rome (Harmonize World Soil Database Documentation,
February 2012)A soil shapefile that covers the entire country was retrieved along with an attribute

table that includes the soil propertiekigure3-2).

Table3-3 lists the percentage of each soil type within the study basins.

- Calcic Luvisals
[ chromic Cambisols
[ ] Eutric cambisols
[ ] Eutric Vertisols

[ | Haplic Lixisols

» [ Hapiic Livisols

- Luvic Calcisols
N |:| Luvic Phagozems

|:| Rendzic Leptosols
D Sub-basins

Figure3-2. Dominican Republic Sddata from HWSD

Table3-3. Percentage of Soil Type by Basin

Basins | Eutric Eutric Haplic Luvic Luvic Rendzic
Cambisols Vertisols Lixisols Calcisols Phaeozems Leptosols
Yaque | 55% 21% 3% 0% 20% 0%
Haina | 70% 0% 0% 30% 0% 0%
Ozama| 21% 0% 0% 73% 0% 6%
Nizao | 95% 0% 0% 5% 0% 0%
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SWAT requires more input soil parameters than the information included in the HMiISging
parameters were estimated based on known properties of the soils such as soil texture, hydraulic
conductivity, drainage class, organic carbon content, Bable3-4, Table3-5, andTable3-6 summarize
the initial parametric soil data input into SWAT.

The hydrologic groups of the soils wergimated with the soil texture and the drainage claRendzic
Leptosols are characterized by imperfect drainage class. This implies that the soil is wet most of the time
because water drains from the soil slowly in relation to supply (precipitation, greater, subsurface

water). The soil texture classifies this soil in hydrologic grougdever, a class D was assigned based

on the drainage class.

The depth of obstacle to roots (SOL_ZMX) is not available in the soil dat8héa8d was setup to use

the aop depth instead. The faction of porosity from which anions are excluded (Anion_EXCL) parameter
is only usd for nitrate transportthat is not considered in this studyhis parameter is not provided in

the soil database. When missing, SWAT defaultsdt36. The potential or maximum crack volume of

the soil profile expressed as a fraction of total soil volume (SCL_CRK) is used to compute the temporal
change in soil volume, the formation of soil cracks and the infiltration through the ciHo&gormaton

of cracks occurs in vertisolBhese data are not available for the vertisols in the Dominican Republic and
therefore, the routing that computes infiltration through cracks was not used in the model.
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Table3-4. Soil properties; Part |

Subsoil

Moist Top

HYDGRP| SOL_Z depth SOL_BD MoistSub SOL_B
Basin Name Soil Name NLAYERS [1] (mm) (mm) (g/cm3) [2] (g/cm3) [2] SOL_AWC (mm/m)
300 to
Yaque del Norte| Luvic Phaeozems 1 C 1000 | 0 to 300 1000 1.451.55 1.401.50 150
300 to
Haplic Lixisols 1 C 1000 | 0 to 300 1000 1.451.55 1.451.55 150
300 to
Eutric Cambisols 2 C 1000 | 0 to 300 1000 1.451.55 1.401.50 150
300 to
Eutric Vertisols 2 D 1000 | 0 to 300 1000 1.401.50 1.351.45 125
300 to
Ozama Luvic Calcisols 1 C 1000 | 0 to 300 1000 1.451.55 1.451.55 150
Rendzic Leptosols 1 D 300 | 0to 300 1.451.55 1.451.55 50
300 to
Eutric Cambisols 2 C 1000 | 0 to 300 1000 1.451.55 1.40-1.50 150
300 to
Haina Luvic Calcisols 1 C 1000 | 0 to 300 1000 1.451.55 1.451.55 150
300 to
Eutric Cambisols 2 C 1000 | 0 to 300 1000 1.451.55 1.401.50 150
300 to
Nizao Eutric Cambisols 2 C 1000 | 0 to 300 1000 1.451.55 1.401.50 150
300 to
Luvic Calcisols 1 C 1000 | 0 to 300 1000 1.451.55 1.451.55 150

NLAYERS: Number of soil layers. HYDGRP [1]: hydrologic group estimated from soil texture and hydraulic conductivity{®Mmpttimanual). SOL_Z: soil
depth. SOL_BD: moist soil bulk density §gfimated from soil texture
(http://www.mo10.nrcs.usda.gov/references/quides/properties/moistbulkdensity. HtnBOL_AWC: soil available water content.

11
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Table3-5. Soil propertiesg Part I

Sub Soll
SOL_CBN (% Ksat top soil | Ksat sub soil cm/h USLE K Organic
Basin Name  Soil Name wt.) cm/h [3] [3] SOL_ALB (fraction) [4] [5] Matter [6]
Yaque del Luvic
Norte Phaeozems 0.36 0.43 cm/h 0.23 | Using Sandy loam (0.1019) 0.15 0.62
Haplic Lixisols .32 0.43 0.43 | Using Sandy loam (0.1D19) 0.15 0.55
Eutric
Cambisols 0.34 1.32 0.23 | Using Sandy loam (0.4119) 0.17 0.58
Eutric silty clay =
Vertisols 0.09 clay (light) = 0.06 Using clay loam (0.10.14) 0.24 --
Ozama Luvic Calcisol: .20 0.43 Using Sandy loam (0.4D19) 0.16 0.34
L;Ef[ggg;: 0.06 (lowest K for
0.05 1.32 | clay) Using clay loam (0.10.14) 0.17 0.09
Eutric
Cambisols 0.34 1.32 0.23 | Using Sandy loam (0.4119) 0.17 0.58
Haina Luvic Calcisol: .20 0.43 0.43 | Using Sandy loam (0.1D19) 0.16 0.34
Eutric
Cambisols 0.34 1.32 0.23 | Using Sandy loam (0.1D19) 0.17 0.58
Eutric
Nizao Cambisols 0.34 1.32 0.23 | Using Sandy loar(®.100.19) 0.17 0.58
Luvic Calcisol: .20 0.43 0.43 | Using Sandy loam (0.1019) 0.16 0.34

Ksat: saturated hydraulic conductivity [3] estimated from Rawls,et%2 SOL_ALB: soil albedo estimated frbtip://agsys.cra

cin.it/tools/solarradiation/help/Albedo.htm® | { [ 9 @Y wp6&Y | YADBSNEIE &2Af SljdzZ GA2y SNRRAOATL AG&

Organic matter [6]: estimated as 1.72*Organic content.
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Top soil

Table3-6. Soil properties; Part 111

Top Soil

Top Soil

Subsoil

Subsoil

CLAY (% | SILT (% SAND (% Sub soil Subsoil SILT SAND (% ROCK (%
Basin Name Soil Name | wt.) wt.) wt.) CLAY (% wt.) (% wt.) wt.) wt.)

Luvic

Yaque del Norte| Phaeozems 30 17 53 33 31 36 0
Haplic

Lixisols 22 15 63 34 13 53 0
Eutric

Cambisols 24 31 45 27 30 43 0
Eutric

Vertisols 52 41 7 47 40 13 0
Luvic

Ozama Calcisols 22 24 54 29 24 47 0
Rendzic

Leptosols 25 39 36 0 0 0 0
Eutric

Cambisols 24 31 45 27 30 43 0
Luvic

Haina Calcisols 22 24 54 29 24 47 0
Eutric

Cambisols 24 31 45 27 30 43 0
Eutric

Nizao Cambisols 24 31 45 27 30 43 0
Luvic

Calcisols 22 24 54 29 24 47 0

13
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3.2 Climate Data

Climate data are available at hydroclimatologic stations within and around all four baka$ollowing
historical data were quality controlled and prosesl as primary inputs into SWAT.

3.2.1 Precipitation Data

Precipitation is the primary driver of runoff; historical precipitation data at climate stations within and
nearby the basins were quality controlled to identify potential data errors and inconsistencies. Then the
point precipitation data were convertedtimmean areal precipitation (MAP) time series over each sub
basin Section3.2.1.1outlines the precipitation quality control completed prior to computing MAP time
series, andsection3.2.1.2 describes the MAP algorithm implemented into the Community Hydrologic
Prediction System (CHPS) to convert point precipitation to areal precipitation.

3.2.1.1 Precipitation Data Quality Control

The Oficina Nacional de Meteorologia de la Republica Dominicana (ONAMETe Instituto Nacional

de Recursos idraulicos(INDRHI) provided historical precipitation data from daily stations for the-1931
2012 period Figure 3-3). Data analysis was performed from 1950 to 2000 because this is the period that
overlaps with the period of record of the iseytal map and with the streamflow data available for
calibration.

A

/

Figure 3-3. Location of precipitation stations (pink triangles). Major basins are outlined in green and modeling
sub-basins in red. The subasins are identified by numbers within SWAT.

Stations with less thafive years of record were not included in the analysecausehey do not
provide enough information to estimate long term precipitation averagesumber of quality control
checks were conducted to ensure a high quality dataset. During the qualitsotpnbcess, potentially
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bad data values were flagged and reviewed to determine whether they should be removed from the
dataset. In addition, the spatial and temporal consistencies of the historical data were checked among
the stations.

Riverside reviewethe raw data using the TSTool software program
(http://cdss.state.co.us/software/Pages/TSTool.asfuxidentify obvious data problems. A total of 15
groups of stations were analyzed withaut 4 to 6 stations in each grouphe stations were grouped

based on their proximity to each other and their elevatiopsriods were flagged if data patterns

repeated from year to year, if extended periods showed no recorded precipitation, or if ayarti
measurement was not consistent with other measurements in nearby stafianevaluate the potential

of high precipitation totals, high precipitation amounts were validated against the occurrence of tropical
storms and hurricanes in the regioipperdix A includes asummay of all flagged values and measures
takento resolve identified data problemalist of all the precipitation stations inventoried that were

not included in the MAP analysis and reasons for not using these st&iais includeih AppendixA.

The NWS Preliminary Precipitation Program (PXPP)
(http://www.nws.noaa.gov/oh/hrl/nwsrfs/users _manual/part3/ pdf/37pxpp.pdivas used to estimate
meanmonthly precipitation and to verify the lorgrm consistency of the records on a monthly time
scale The NWS Interactive Double Mass Analysis (IDMA) program
(http://www.nws.noaa.g@v/oh/hrl/idma/html/dma_home_frame.htn) was used to display the
consistency plotsPXPP uses an inverse distance squared method to estimate missing hizda
computations rely heavily on data from a base station, which is selected based on record eoragdet
and how representative data from this station are of the area being analyzed.

Stations were categorized into one (1) group for PXPP/IDMA consistency analysis based on location and
expected similarity in general hydrologic conditioba Vega (LAV)adion was selected as the base
station for this analysis.

The PXPP analysis output was used to produce double mass plots. These plots show the deviation of
accumulated precipitation at each station from the average accumulation of all stations within the

group. A change in slope in the double mass plot may indicate changes in station location,
instrumentation, collection methodology, or surroundin@orrection factors were computed using

IDMA to adjust the data and improve the slope of the double mads file. by increasing or decreasing

the observed precipitation accumulation rate during a deditiene period) In addition, erroneous data

that may have been missed in the preliminary data quality checks may appear as unreasonable spikes or
breaks in thedouble mass plotsSeveral breaks were identified in the double mass curves and

correction factors were applied to maintain consistency of the dafp€éndixA). Unfortunately, station

history records were not available to verify the potential sourceatfdroblens.

The PXPP program computes monthly and annual average precipitation values (characteristics) for each
station. As an additional consistency check, station characteristics were plotted so that the temporal
distribution could be evaluatedt ispresumed that stations within the same group should have similarly
shaped annual distributionStations that indicate obvious erroneous distributions were investigated
Figure3-4 shows a comparison of the monthly characteristics of a group of six stations located within

the same regionThis plot shows two rainfall seasons in the region, wiMay and Octobehave the

largest monthly precipitatiovalues

For the CHPS/FEWS MAP proceg8iegtion3.2.1.2, onlythe station locatiols andthe mean annual
precipitationare required for every staon. Riverside used the final station characteristics and quality
controlled precipitation data to compute mean areal precipitation estimates for input to the hydrologic
models.
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Figure3-4. Comparison omonthly characteristics for a set of six precipitation stations.
3.2.1.2 Historical MAP Development

The CHPS/FEWS framewf(irkp://publicwiki.deltares.nl/display/FEWSDOC/Hojnweas configured to
compute historical MAP time serieBhe algorithm implemented within CHPS/FEWS acadanthe
precipitation gradients across the watersheds. Quality controlled daily precipitation data, mean annual
point precipitation amounts and a historical isgal map correspondingo the period 19562000 were
input into the system.

Within the CHPS/FEWS framework, computations are completed using Workflows consisting of one or
more Modules. Modules are operations thisansform orprocesshe data The primary kilt-in

computation module is the Transformation Module, which was used to convert point precipitation data
into the mean areal precipitation amounts. The workflow consists of the following:

1. Compute daily precipitation grids over the period of record:

a. Divide each observed daily value by the average annual precipitation at the station,
BASEtRAY3 RIFEAf & aly2YFfASEE FTNRBY Yy2NXYIET

b. Spatially interpolate the anomalies using inverse distance weighting to yield daily grids
of precipitation anomalies (a 9@ grid cellsize was selected for the precipitation
grids);

c. Multiply the daily precipitation anomaly grids by the 9k@ annual isohyetal map to
yield daily precipitation grids

2. Compute daily MAP for each sblasin by overlaying the final daily precipitation gridgwthe
sub-basin boundariesThese final time series are the precipitation input for SWAT.

The MAP time series were computed for each-babin delineated with SWATable3-7, Table3-8,
Table3-9, andTable3-10, incude the mean annual precipitation per sblsin for the Yaque del Norte,
Ozama, Nizao and Haina basifiheYaque del Norte has the lowest mean annual precipitati838
mm), while Haira has the largeq2124 mm) The locatios of the subbasins areshownin Figure 3-3.
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Table3-7. Mean annual precipitation in the Yaque del Norte basin and dodisins

Basin Name

Streamflow

Mean Annual
Precipitation

per subbasin

Mean Annual
precipitation

Gage at Outlet

(mm)

per basin (mm)

Yaque del Norte | 1 637 1338
2 PALO VERDE 894
3 827
4 1116
5 1065
6 PTE. SAN RAFA 765
7 1104
8 1085
9 1452
10 1452
11 RINCON 663
12 1614
13 1219
14 928
15 815
16 815
17 969
18 944
19 BULLA 1135
20 LAS CHARCAS 1014
21 1411
22 2026
23 1079
24 2042
25 1188
26 1147
27 1193
28 PINALITO 1264
29 1373
30 1910
31 1597
32 1911
33 1490

LOS
34 VELASQUITOS 1632
35 BOMA 1764
36 1778
37 HATO VIEJO 1978

PINAR
38 QUEMADO 1884
39 MANABAO 1913
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Table3-8. Mean annual precipitation in the Ozama basin and sbésins

Mean Annual Mean Annual
Streamflow Precipitation precipitation

Gage at per subbasin per basin
Outlet (mm) (mm)

1 DON JUAN 1945 1910

2 CACIQUE 1815

3 EL CERRO 1868

4 2118

5 2038

6 2286

7 2011

8 1827

9 HIGUERO 2108

10 PALMAREJ( 1895

11 1657

12 1853

Table3-9. Mean annual precipitation in the Nizao basin and sbhsins

Mean Annual Mean Annual
Precipitation  precipitation

Sub Streamflow per subbasin per basin
basin# Gage at Outlet (mm)
Nizao 1 ESTRECHURA| 2090 1789

2 BOCAINA 1881

3 1584

4 1896

5 1872

6 PALO DE CAJ/ 1501

7 1735

8 LOS CACAOS 2071

9 1617

10 1901

11 EL ERMITANO 1880

12 1851

13 1626

14 1516

15 1514

Table3-10. Mean annual precipitation in the Haina basin and sbhsins

Mean Mean
Annual Annual
Streamflow Precipitation precipitation
Basin Sub Gage at per sub- per basin
NET e basin#  Outlet basin (mm)  (mm)
Haina 1 2333 2124
LOS
2 COROZOS 2241
3 1707
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3.2.2 Temperature Data
3.2.2.1 Temperature Data Quality Control

SWAT requires complete maximum and minimum daily temperature time series to estimate
evapotranspiration from the basinRaw temperature data werprovided by ONAMET and INDK#ek
AppendixB). There were a total of 36 stations with maximum temperature data and 29 stations with
minimum temperature Before computing complete mean areal ntam and minimum temperature
time series, the data were quality controlled with the same procedures usetié@recipitation data
(seeSection3.2.1.1).

Maximum and minimum temperature data were plotted using TSTidw stations were organized into
6 groups for comparisobased on their proximity and elevationsppendixB summarizes flagged values
and actions taken to resolve data problerS®me ptential data errors were not set to missing during
the initial quality control step because the data problems were not obvidhese stations were
evaluated later in more detail withdouble mass analysi€orrection factors were applied to maintain
consistency in the data when needgethe correction fators applied to the stations are summarized in
AppendixB.

3.2.2.2 Historical Maximum and Minimum Mean Areal Temperature Time Series

SWAT requires complete maximum and minimum temperature time series for modeéing
evapotranspiration in the basinshe NWS Mean Areal Temperature Program (MAT)
(http://www.nws.noaa.gov/oh/hrl/nwsrfs/users manual/part2/ pdf/27calb_mat.gdfias used to
estimate mean daily maximum and minimum temperature time series for each basin.

The MAT program computes mean argahperaturetime series based on maximum and minimum

daily temperature data as well as station location and elevafltve MAT pogram estimates

temperature data at locations where data are not available by weighting available data at surrounding
stations Since there are significant changes in elevation in the study basins, the weighting factor scheme
for mountain areas was usetdhe weighting factors are a function of both, difference in elevation and
distance between the estimated and the estimator statibhe MAT program was configured to output
maximum and minimum temperature time series at the centroid of eachtmgdin. Theperiod of record

of this analysis was from 1955 to 2000.

3.2.3 Other Climate Data: Wind Speed, Relative Humidity and Solar Radiation

Wind speed and relative humidity data were received from ONAMET for the stations and periods of
record listed inFigure3-5 and Figure3-6. SWAT requires complete daily wispeed and relative

humidity time series to compute the evapotranspiration in the badim®rder to estimate continuous
time series, rran monthly wind speed and relative humidity values were computed from the observed
data at each station and then disaggated into a complete daily time series from 1955 10@ for
modeling purposes.

SWAT also requires complete daily solar radiation time series to compute the evapotranspiration in the
basins. Observed solar radiation data were not available. Therdfese data were estimated using

the guidelines for computing crop evapotranspiration developed by P&ild, J.Get al. 199). In
theseguidelines, the daily extraterrestrial radiation for different latitudes for thé #iay of each month
isavailable in tabular format single daily solar radiation time series was created for all the basins for
the period 1955 to 2100.
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Figure3-5. Period of record of relative humidity data from ONAMET stats
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Figure3-6. Period of record of wind speed data from ONAMET stations
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3.3 Streamflow Data

Streamflow data were provided by INDRitbugh the following web site
http://byuhydro.byu.edu/ObservationaData/5. A total of 21 streamflow gages were identified within
the study basingFigure3-7 shows the pend of recordfor all gations. The quality of the data was
assessed during calibration as explaine8dation 6.2 of this report.

Most gages show a bimodal flow seasbargest peaks occur in Mdyne and SeptembeOctober. This
distribution coincides with the observed precipitation pattern as showrigure3-4.
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Figure3-7. Period of Record o Streamflow Data

3.4 Regulation Data

TheHaina, NizaodQzamaand Yaque del Norte flows are significantly altered by water diversions for
irrigation and human consumptior point shapefilelated February 13, 2018ith the location of water
intakes for irrigation and water supply was providedB{PRHIThe maximunflow capacity of the
intakes vasprovidedas an attribute in the shapefilaut not the duration or timing of irrigation to
estimateirrigationvolumes In addition, the available data did not provide informatiaimout the
location of canalso determine ifthe wateris used withinor outsidethe basirswherethe intakes are
located The location of the water supply intakes were compared against the streamflow gages used for
calibration to evaluate if the diversion amounts could be used to correct the sfteandata at the
gage for these diversionswo water supply intakesvere identifiedupstream from the station Los
Corozos in the Haina basifie flows from these two intakes were added to thieeamflow data at
station Los Corozos to estimatee naturalflowsin the basinThese two intakes are for water supply
and thediverted flows are not returned to the basin upstream from the gage.
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3.5 Climate Change Data

The Nature Conservancy (TNGIpbal Climate Change Prograpmovided the climate change
temperature and precipitation time series used in this projéidtese time series are the result of daily
downscaled General Circulation Models (GCM) projectibhe GCM projections were downscaled to
0.5 degree resolution (~50 km) and bias corrected with histbweather station data (Girvetz et. al.
2012) Riverside analyzed a total of 36 future projections for two different greenhouse emission
scenarios (SRES A2 and B1) and for the time periods2Z2®8and 2082100(Table3-11). Based on
the contract for this project, &otal of five future projectionshould be selected toharacterize the
future climate A detailed description of the selection of thige climate change projections used in this
project is included ifsection5.0 of this report.

Table3-11. Number of runs/outputs per emission scenario (B1 and A2) for the analyzed GCMs
GCM B1 A2
cccma_cgem3_1
cnrm_cma3
gfdl_cm2_0
gfdl_cm2_1
ipsl_cm4
miroc3_2_medres
miub_echo_g
mpi_echam5
mri_cgcm2_3 2a
Total

w

RWNR|R|RP|k
grlwlNkR|krRPRRP|lw

-
o
=
o
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4.0 Land Use Land Cover Modeling

SWAT accounts for different types of land usemodel the water and sediment productioRive land

use land covescenariosvere developed to evaluate the impact of the land use changes in the
hydrologic and sediment regimes of the four study basksspart of this taskClaudia Le6n, Senior
WaterResources Engineer from Riverside, Driss Ennaanay, Program Leader, Water Resources and
Climate Change from Riverside, and Burak Guneralp, Research Assistant Professor, Department of
Geography from Texas A&M University, travelled to the Dominican Repualffielwuary 4 and 5, 2013

to facilitate two stakeholder meetings together with TN®e meetings were attended by
representatives from different socioeconomic sectors, including the Ministry of the Envirorandnt
Natural Resourceshe Land Use Planningébevelopment Department, the National Institute of
Hydraulic Resources, the National Office of Meteorology, National Institute of Water Supply and
Sewerage, thécademia, ONGs, among others.

The objectives of these meetings were: 1) to identify curreobfgms in the basins that alter the water
and sediment production and 2) to propose potential solutions, rules and policies that might help
mitigate the identified problemsThe results from these meetings represent theibder developinghe

five projeted land use scenarios that will help evaluate the effects of climate change on sediment and
water production in the basins.

Sectionst.2and4.3summarize findings and conclusions from the stakeholder meetingshe
methodologyusedto model future land use scenariasider the identifed rules and policies.

4.1 Meeting Keynotes Speakers

Three keynote speakers participated in the stakeholder meetifige following section summarizes the
conclusions that are relevant in the design of the potential land use scenarios.

Omar Rancier, architeérom the Land Use Planning and Development Department in the Dominican
Republic (Direccidon General de Ordenamiento y Desarrollo Territorial, DGODT), provided the following
information about the current conditions of the Haina and Ozama basins:

1 TheHainaand Ozama basins have the largest population density in the country (total population
in the two basins > 3 millionfheHaina basin has a population density of 1,220 inhabitants per
square kilometer.

1 Themain socieeconomic activities in these basinslimbe industry, agriculture, ports,
hydrocarbon management, and hydropower generation.

1 About 60% of the water supply for the city of Santo Domingo comes from the Haina and Ozama
basins Both surface and subsurface water sources are extensively depletagppdy water for
the major urban centers in the basins.

1 Water supply has decreased due to the reduction of groundwater recharge induced by

urbanization and the increase in water demand.

Groundwater supply is affected by saline intrusion.

Urban developmenhas occurred in a disorganized pattelmegular housing occurs in lands

previously used for sugar cane cultivation or along major roads.

1 Surface water is polluted due to the inappropriate disposatastewaterand solid waste from
urban areas and induses.

= =

Pedro Garcia Brito, Director of GTI from the Ministry of the Environment, addressed the status of the
proposed policies and laws to dictate urban planning and territorial development.
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A very important finding from this presentation is that the Doiman Republic does not have an urban
planning and development law to regulate the land use in the ba$ims lack of regulation has caused
disorganized urban expansion in the country and deterioration of the environriiéet Ministry of
Planning and Da&lopment has been working for over a year on the development of a law to regulate
the land use in the country.

Some of the efforts to improve current environmental conditions are:

Reforestation of the basin€urrently, reforestation is implemented in anplanned fashioned. The
government has not established a final goal for the forest cover in the entire country.

Establishment of a National Soil Conservation Service to preserve the integrity of th&tseilservice
will be created among the Ministiyf Agriculture, the National Institute of HydrauResourcesand the
Ministry of the Environment.

Establishment of payments for ecosystem serviddss system consists of assigning value to ecosystem
services and compensating the communities for thesgrvation of the environment.

Creation of protected areagd\bout 25% of the territory is assigned to protected areas. However, many
of these protected areas are still subject to human activities at varying levels of intensity.

Bienvenida Cuevas, engimesnd professor from the Center of Urban and Regional Studies (CEUR) at the
Pontificia Universidad Catdlica Madre y Maestra (PUCMM) identified current environmental problems in
the Yaque del Norte and Ozama basins and proposed solutions.

The major enviromental problems include:

Environmental degradation due to irregular housing development.
Deforestation in the middle part of the Yaque del Norte basin

1 Water pollution and inappropriate solid waste disposal from the major urban centers,
Jarabacoa and Santi ago.

1 High concentrations of nitrogen and phosphorous in the middle and lower Yaque del
Norte river.

1 Erosion and sedimentation in the entire Yaque del Norte basin.

Proposed solutions:

The CEUR/PUCMM is working on a program created in 2003 to proviaecdhaining and economic

support to farmers to developmaltscaleprojects to reforest the basinghe main goals of this project

are to protect the water sources/rivers in the basins, to improve air quality, and to provide jobs and
incomes to thecommunities through the production and sale of forest produttsis project is based on
a sustainable development approach. The communities are able to sustain themselves by logging

activities thatprovide the economic incentive to maintain the forest.

4.2 Meeting Methodology and Findings

Additional information related to water and sediment production problems in the basins were elicited
from the rest of the participants. The participants of the meeting were organized into greaph

group applied the DPSHRamework developed by the Environmental Protection Agency
(http://www.epa.qov/ged/tutorial/) with the objective of identifying the current concerns in the basins
from each stakeholder point of viewhis framework facilitates gathering information from
stakeholders, the organization of the information, and integration of the gathered information into the
decisionmaking process.
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The following items were discussed within the DPSIR Framework:

DRIVING-ORCESocioeconomic sectors and cultural factors that drive human activities in the basins.
PRESSURB%uman activities that place stress on the environment.

STATECurrent condition of the environment.

IMPACT SEffects of environment degradation.

RESPOSESResponses of society to the environmental situation.

The objectives of this exercise were: 1) to identify poterRBSPONSHESbuild future land use
scenarios and 2) to evaluate thdPACTon sediment and water production in the basii$ie followng
information was gathered from the DPSIR exercise:

DRIVING FORCE&griculture, urbanization, industry, transportation, and mining.

PRESSURHEs®or agricultural practices such as lack of contour barriers (live, dead, and mixed),
cultivation on steepérrain, deforestation of steep terrain, excessive use of slash and andh,
unplanned urban and rural expansion.

STATEexcessive erosion in the upper parts of the basins, lower infiltration and recharge of aquifers,
water quality degradatiorandlackof land use regulations and laws.

IMPACTSwater scarcity, sedimentation in the lower part of the basins, degradation of sewage and
wastewater from urban areas.

RESPONSERe identified RESPONSES were organized into five potential land use land carérsscen

1) Businessisusual, 2) Best Management Practices (BMPs), 3) Conservation, 4) Develogmaént,
Combination (Middleof-the-Road) Scenario.

Atfter applying the DPSIR framework, the participants identified current areas of concern in maps and
delineated areas where changes should occur under each scenario to mitigate the identified problems.

The conclusions from the DPSIR exereisavell as the information from the maps from both meetings
were used to build the following rules for each sceodthe maps for all scenarios except Business
usual are provided iAppendixQ):

1) Businessasusual: this scenario assumes no changes in current practices and pdicieedel
this scenarios the following data were collected:
1 Historical and projectegopulation in rural and urban areas by administrative unit.

Riverside usethe datafrom the Oficina Nacional de Estadistica (ONE) available in the following URL:
http://www.one.gob.do/index.php?module=articles&func=view&catid=&itd in he excel spreadsheet

Gt 20t OA2y G20Frf Sa4dAYFIRFa & LINRPeSOGFRF&a-LR2NI I 32
H N H n.®Rivdrsidé extendethe projections provided in thesdata out to 2055 to cover the time

horizon of the land change model.

9 Historical and projected agricultural production by crop type

Riverside used the dafeom the Ministry of Agriculture available in the followikdrL:
http://www.agricultura.gob.do/Esadisticas/tabid/86/language/etJ S/Default.aspxIn particular,
Riverside used the data from the entries under Estadisticas Agropecuariahese data do not
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include the projections. Therefore, Riverside developed the projections based on the trahds in
historical dataThe agricultural production projections were developed for the following categories:

1. Rice
2. Crops for export (conventional crops): sugar cane, cocoa and coffee
3. Other crops: mixed agriculture, intensive agriculture, patogonut,and citus.
1 Historical and projected GDP, total, by sector and by administrative unit

The GDP data used came from the following URL: o 3
http://www.bancentral.gov.do/estadisticas.asp?a=Sector RgdlJS OA FA Ol f f & X
6tL.0 LN aSOil2NB’a RS 2NAIASYy> | LINBOAZ2aA
Referencia 1991.

1) BMPs: This scenario assumes best manant practices for the main drivers: agriculture and
urban expansionBMPs were positioned in locations likely to produce the greatest benefit to
ecosystem services related to sediment reduction and dry season water yield incréases
following rules wee used to develop this scenario:

Sustainable (Compact) urbanization: Urban development will mostly grow vertically.

Reforestatioron slopes > 60%

Reforestation withirB0-meter buffer area from main rivers

Protected areas with category 1 and 2 will leforested.

Agro forestry practices in areas with slopes < 60% and within protected areas with

category 5 and 6.

1 Reforestation of areas upstream from reservoirs withitb@meter buffer.
9 Silvopastoral practice in terrains with slope between 10% and 25%.

2) Conservation: This scenario assumes only rules that will conserve the environment from
development Other drivers will not have weight in this scenario. The following rules were used
to model this scenario:

1 Reforestation in slopes > 45%

I Reforestation withn 100-meter buffer area from main rivers
1 Designation of additional protected areas

1 Reforestation of the additional protected areas

zZ Z
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In this scenario, it was assumed that there is no horizontal urban expansion. Thus, the growth
will be vertical on the exting urban land.
3) Development: This scenario assumes only rules that will encourage develagboaservation
of the environment is not at all an important issue in this scenario.
1 Urban expansion toward the areas identified in maps and based on the cldpe
terrain as explained in the Methodology to Develop Scenarios section of this report.
Urban expansion along main rcad
Increase of mining exploration and exploitation in areas identifiednaps.
Increase of tourism infrastructure in areas identifigd maps
Implementation of new industrial projects in the areas identiftedmaps.

=A =4 =4 =
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Regarding the urban expansion along the road to the east of Santo Domingo, the road follows
the coastline very welluside the Ozama basin. There is no room for development between the
road and the coastline within the study basins. In general, it was not possible to keep
development contained between the road and the co&EOMOD mostlgllocated

development along both sides of the road not extending too far inland within the polygon.

4) Combination: This scenario assumes a combination of conservation practices in the upper part
of the basins and development in the lower pariEhe followirg rules were used in the
modeling:

9 Forestin areas with slope > 60%

9 Forest in30-meter buffer area from main rivers

1 Forestin a 2 km buffer area from current national parks

9 Urban expansion from current urban centers. The expansion will be dictatedby th
slope of the terrain as well as proximity to existing urban areas and roads as explained in
the Methodology to Develop Scenarios section of this report.

4.3 Methodology to Develop the Scenarios:

Two future periods were evaluated in this project, 265 am 2082100 For the land use
modeling, it is assumed that maturity of the land use changes is reached in the yeamlB8&ore, the
land use changes were modeled from 2003 through 205 final 2055 maps were used in the SWAT
model together with theclimate data for both future periods: 204865 and 2082100.

The maps used by the stakeholders during the two workshops were scanned and georectified. The areas
that are delineated by the stakeholders on the maps as the areas of interest in the scemarios

digitized from these scanned and georectified maps. Those areas that are specified as having a particular
slope or within a certain distance of a landscape feature (such as lands within 100 m of rivers) are
determined by spatial operatiorin ArcMap Becauset is assumed that land use changes specified in

the scenarios will have occurred by 2055, some of these areas are set aside as having a partieular land
cover (e.g., forests on lands with slope > 45%); others act as masks that allow a particutdrailage to

occur in certain places but not in others.

Riverside useEOMOD to generate the lainde landcover map for 2055. GEOMOD is a lard

change model built in IDRISI, an integrated geographic information system and remote sensing software
devebped by Clark Labs at Clark University for the analysis and display of digital geospatial information.
Riverside selecteGEOMOD as the platform to build the lamsechange model because it can work

with input maps from a single year. This functionalityfee model is important for our purposes

because the available larmbver maps of the four watersheds are from a single poitinie, whichis

from year 2003. Absent a tirgeries of lanecover mapsRiverside usethe GEOMOD framework to
generate one lad-cover map out to 2055 for each of the five scenarios.

4.3.1 GEOMOD Land Change Model
4.3.1.1 How GEOMODWorks

GEOMOD, a spatialgxplicit gridbased lanelise and lanecover change model has been fully described
elsewhere(Pontiuset al.2001) and been applied extensive{lzcheverriaet al. 2008 Pontiuset al.

20090 D9hah5 &AYdzZ I 1S54 GKS OKIy3S 08Gs8Sy SEIOGEe
The input maps are an initial laf@2 @S NJ Y I L= F Yy R &S @S Nixihity to RAHE #& NE Y | LJ
elevation. Through statistical analysis of the empirical patterns created by the overlay of the initial land
O2@SNJ YIL) gAGK GKS GRNAGSNE YILAZ | YIL GKFEG aKz2g
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generated. The modeillso reads from a text file the number of locations (cells) of eachdandr at a
final time. Based on these inputs, the model allocates the net change in eacbdaedbetween the
initial and final time points across the study area and thus, simsilite spatial pattern of land change
across the landscape.

D9hah5Qa |tft20FGA2y f3I2NRAGKY LINAR2NRGAT S&a OF yRARLI
end, GEOMOD first creates a suitability map, which shows the suitability for the langkdimaguestion.

With this rule, GEOMOD simulates land change by searching the landscape for the location of candidate
locations that have the highest suitability value. Thus, starting from the pixels with the highest suitability
value, GEOMOD allocates thmjected land change until all pixels with that suitability value are

converted. Then it proceeds to the pixels with the next highest suitability value and (Rwotiuset al.

2001). GEOMOD creates the suitability map empirichjyusing several driver maps and the initial land

cover map. When a large number of locations that are candidate for change are tied (i.e., has exactly the
same suitability value), GEOMOD allocates change among the tied locations in a uniform fashion.

GE@h5Q&a adzAlGlFroAfAGe YIFILI Aa ONBFGISR Ay G2 adSLAD ¢
the locations of each category of the driver map are assigned a real number, obtained by comparing the
driver map to the beginning time lartbver map. Foexample, ifa slope map is one of the driver maps

and urban land is the land cover of interest, GEOMOD reclassifies each category of slope to exactly one
real number, which is the percent of the category that is urban according to the beginning time land
cover map. The percenirban for each category in the slope map is computed as the ratio of the

guantity of urban locations of that slope category to the quantity of all locations of that slope category.
This step is repeated to reclassify all driver mépshe second step, GEOMOD superimposes these
reclassified driver maps and computes for each location a weighted sum of suitability to produce the
overall suitability map. The weight given to each intermediate suitability map is determined by the user;
the default is to use equal weights across all intermediate suitability maps.

GEOMOD requires the projected amount of change in the land cover of interest as an input. These
projections were determined based on the available historical data on populatiorgehagricultural
output, and GDP as indicated in the Businas&Jsual (BAU) scenario section of this report. Specifically,
Riverside generated the projected amounts of change in urban land and agricultural land. These
LINE2SOGSR | Y2dzy i RAFSINB A F\B0G § NB i (iBedusdsEIVOND simudtésh a h 5 @
the change between exactly two land covers, for each scerRiverside useGEOMOD first to

simulate the expansion of urban land according to the scenario rules. Then, using the resulting urban
map, Riverside calculatethe amount of agricultural land projected to be lost to urbanization and
updated the projections for the change in the agricultural lands. These updated projected amounts of
change in agricultural lands were input to GEOM@I[etermine where the changes in agricultural

lands occurredThe rationale for this sequence of runghat urbanization typically is irreversible (Seto

et al, 2012) and agricultural land is lost to urban expansion (Nelson et al, 2010).

Riverside modeled thexpansion of three agricultural land categories: rice, export crops, and other
crops as indicated in section 3 of this repdiherefore, a total of three iterations (one iteration per
category) were performed to simulate the agricultural expansion.

It ispossible to determine the form of land change (e.g., compact versus sprgadban expansion) in
GEOMOD. For this, GEOMOD uses a neighborhood constraint rule to simulate the manner in which new
development grows out of previous development. For examiplBEOMOD simulates change from non
urban to urban, then the neighborhood constraint mode restricts the search to only those locations of
nonurban that are within a small square window around any urban locations. The width of the window,
denoted by W, isalled the neighborhood search width, and can be set by the user. The simulation re
computes the neighborhood at every time step because the land use state can change at every time
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step. This functionality of GEOMOD is important to simulate land changedagg®o the rules in each
of the scenarios.

Detailed instructions for implementation of urban and cropland change simulations are presented in
AppendixD at the end of this report. The instructions use HalizacOzama watershed as an example;
however, the instructions have general applicabilfigure4-1 shows a flow chart of the iterations

done within GEOMOD to simulate crop expansion in the basins.

INPUTS

GEOMOD Outputs

GEOMOD RUN 1

Mask: protected greas,water

bodies

2003 Rice map

Input text fileswith

parametric data:

¢ MNeighborhood constraint
=23 (about 2 km)

¢ Time Step = 52 years
(from 2003 to 2055)

¢ Driver Map Weights: 0.8
{urban),0.1 (slope), 0.1
[roads).

GEOMOD RUN 2

Mask: protected areas, water

bodies

2003 Other Crops

Input text fileswith

parametric data:

¢ Meighborhood constraint
=23 (about 2 km)

¢ Time Step = 52 years
(from 2003 to 2055)

¢ Driver Map Weights: 0.8
(urbtrize), 0.1 (slope), 0.1

[roads).

GEOMOD RUN 3

Mask: protected areas ,water

bodies

2003 Other Crops

Input text fileswith

parametric data:

¢ Meighborhood constraint
=23 (about 2 km)

¢ Time Step = 52 years
(from 2003 to 2055)

¢« Driver Map Weights: 0.8
(urbzricszothsr crops),
0.1 {slope), 0.1 (roads).

Driver Maps

2055 Projected

Urban

Slope
Proximity To Roads

LIEE P feeie Y 2055 Projected Rice Expansion
Urban & Rice
Expansion
Slope Femmm- l____l
Proximity to Roads | GEOMOD |
i [}
o i
2055 Projected v 2055 Projected Other Crops
Urban & Rice & + Expansion
Other Crops
Expansion
Slope
Proximity to Roads
GEOMOD

2055 Projected Export Crop
Expansion

!

Final GEOMOD Change Map: 2055

Projected Urban & Rice & Other
Crops & Export Expansion

study basins

Figure4-1. Flow chart of the iteratively procedure followed with GEOMOD to simulate the cexypansion in the
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4.3.2 Data Requirements

GEOMOD requires an initial landver map, a region map as well as an exclusion mask and driver maps.
The justification, sources, and derivation of the exclusion masks and the driver maps are detailed below.
Each input map must contain discrete (i.e., categorical) values. Therefore, continuous variables often
expressed as real values, such as slope, must be reclassed into categorical bins, such as: category 1 = (0
degree- 1 degree), category 2 = (1 degre2degrees), category 3 = (2 degreésdegrees), etc.

Data Projection and resolutiorAll data used in the simulations and the subsequent analyses should be

in an equalarea projection or in a projection in which areal distortions are negligible. Sudhtitiatis

negligible for the coordinate system WGS 1984 UTM_Zone_ 19N for the study sites. The resolution is 30
m to 90 m, dictated by the scale of the analysis, the overall level of accuracy of the maps used as drivers,
and to a lesser degree, by the awaility of computing resources in terms of time.

Population density: Riverside used population density maps from the Global Runtan Mapping

Project (GRUMP) to create the population density driver maps for each watershed (CIESIN, 2010).

Riverside firsreprojected the original GRUMP map to the coordinate system of the project. The
NBaztdziazy 2F GKS Dw!at YILI Ad oné Ol LIINRBEAYIFGSTE @
resolution to agree with the other spatial data used in the modeling.

Exclusion nasks:In addition to driver mapsRiverside usedeveral masks that direct larmbver change

by preventing or encouraging certain types of laoayer changes in certain areas depending on the
scenario. For example, no development was allowed within théepted areas and areas that are
designated as additional conservation areas in the scenarios. In addition, for all sceRmeoside
excludedinland water surfaces (consisting of lakes and reservoirs) extracted from thedsed driver

map. ThusRiveaside createch mask for each scenario to exclude the protected areas, additional
conservation areas if any, and water from urban and cropland expansion. A few urban pixels in the initial
land cover map may happen to fall into the protected areas and @adit conservation areas. Riverside
assumed no growth around those urban areas.

Riverside usethe polygons drawn in the maps by the stakeholders as additional masks in GEOMOD to

allocate land use and direct urban and agricultural land changeAXeendixC). For example, urban

SELIl yaArzy ¢l & y2G FHtt26SR 0Se2yR G(KS LRfte3az2ya f1Il o
AO0SYIFNRA2 YR a! NBFYATFOGA2Yyé dzy RS NLiKeki&, agré@Sry 2 LIY Sy (
under the Combination scenario the Yaque del Norte was only allowed within the polygon labeled

G! INBNBAGNRBE YR 42 2yd hy (GKS 20KSNJ KFIYyRX y2 dzNb!
allowed within polygons representing conservation or proposed conservation areas in respective

seenarios.

Several rules under the scenarios dictate the presence of specific land covers at certain locations. Such

NHz Sa GSyR (G2 FTNIFIAYSyid (GKS 41 6SNBKSRa Ayiaz2z aSOSNI
c/F> € NHzZfE S dzy RS NJ i Knétall logationsiiltiSsio pebl 36a% willde fyréstediin 2055.
D9hah5Q48 ySAIKO2NK22R NHzA S Oly 2yfé 62N] sAGK | &
fragment the watersheds in at least some of the scenarios into more than one piece in whi¢chease
neighborhood rule could not be applied. Therefore, Riverside-paostessed the simulated land cover

maps to implement certain rules so that no urban or agricultural land change was allowed on these

locations. In additionaT S ¢ Nz S & aredyfpradtices iiadreAsNEh sEes < 60% and within
LINEGSOGSR INBlFLa 6AGK OFGS3I2NE p YR cé dzy RSN GKS
practices. In implementation of this rule, Riverside first used GEOMOD to simulate agricultural land

change; then Riverside pogirocessed the GEOMOD output to classify those projected agricultural

lands that are in areas with slopes < 60% and within protected areas with category 5 and 6-to agro
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forestry. Note that all existing agricultural lands within prcted areas with category 1 and 2 were
assumed to be forested in 2055.

4.3.3 Driver Maps

GEOMODequiresa map of each one of the four factors that are the primary drivers of land change:
slope, proximity to roads, populatiatensity,and landcover.

1. SlopeSbpe is generally accepted as a major factor influencing land change processes including urban
land expansionCeteris paribusgently sloped land is more preferable over land that is steeper. The

slope map is derived from the DEM derived from ASTER imafjivg watershedsBecausésEOMOD
usesinput maps with discrete categories (i.e., integer values), Riverside reclassified the map to integer
valuesas shown irFigure4-2.

Slope:
Yaque de Norte, Haina, Ozama and Nizao Basins

Legend
:l Provinces_Clip

Percent
s
s-s
0 5 10 20 30 40
[s-3 ==
‘-30'80 l‘.l_ (0_ 20 40 60

Figure4-2. Slope map for Yaque del Norte, Nizao, Ozama and Haina Basin.

2. Weighted Distancetoroadst KA & Y I LJ A& O NAhlstSRstadea>CosEd A B{KLISIRAXIE £
ArcGISKigure4-3). The roads map was provided by TNC. In addition to the existing road network,
Riverside alsacorporated the roads that are planned or under construction assuming these will be in
place by year 2053 he location of these roads were provided in the stakeholder meeting and included

in the rule maps iMppendix CFigure4-4 shows theweighteddistance to road maps. The red areas
indicategreaterroad density.

31 “®< RIVERSIDE

Ay



LANDUSE LAND COVER MOBGL

Cost Weighted | 7| R |
Distance to: IHND_roads j g
Cost raster: Ihno_slopeﬂ.img j g
Maximum distance: I
[ Create direction: I <Temporary > ﬂ
[™ Create alocation: I <Temporary > ﬂ
Output raster: I HNO _wdir ﬂ

0K | Cancel |

Figure4-3. The Costveighted window with relevant inputs and output map name in ArcGIS

Weighted Distance to Roads:
Haina, Nizao, and Ozama Basins

‘Legend

mevinces
|
o
B
IR

[ le-16
[ .22
[ 2220
I 2520

Figure4-4. Weighed distance to road maps for Haina, Nizao and Ozama Basins.

3. Population density:Riverside usedegional discretized population density maps based on the global
map derived from the original GRUMP data. Riverside used these maps to track the spatial variation in
population density across the watersheds. For population projections, Riverside useentiographic

data pointed out undethe Businessasusual scenario above. Historical trends suggest that populations
in the watersheds will increase approximately linearly and reach 7,374,298 and 3,273t68&l&ing

Nizaqg andOzama watersheds and fihe Yaquedel Norte watershed, respectively, in 2055. The

respective populations were 3,752,682 and 1,965,103 in 20@3%ame year as the initial land cover

map.

4. Landcover:Riverside usgthe landcover map provided by TNC and dated 2003 as thialitand
cover in the watersheds.
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4.3.4 Superposition of Rules

For the conservation and BMP scenarios, the outputs from GEOMOD included somehietps

represent areas where the expansion of crops and urban classes did not takepldese cases, the
gapswere filled in with the initial 2003 LULC mdjme outputs from GEOMOD were resample from 90

m to 30:m resolution to coincide with the original resolution of the 2003 LULC Adglitionally, the

final outputsfrom GEOMOD for all scenarios were merged withinitial 2003 LULC map for the

masked out areas (water bodies, protected areas, national parks). The rules defined by the stakeholders
and listed inSection4.2 of this report were then superimposeth these maps.

For the BMP scenario, the following rules were applied:

1

Reforestation in slopes > 60%. The new class is forest. If the underlying cell had a Bosque class,
GKS ySg Of I &4da uaTypec @2 NS damirg &dpvention allows the policy

makersto distinguish between new and old forest cells.

Reforestation within a 3@neter buffer from main riversThe new class is forest. If the

underlying cell had a Bosqudass,the new classs I & Yy I YSR G c€aNBBA I 4@ LIBKA
naming convention allows the policy makéosdistinguish betweemew andold forest cells.

Reforestation of protected areas with categories 1 and 2. The new class is forest. If the
underlying cell had a Bosquetass i KS yS¢g Ofl daa 61 ac@g2NEBRILGO 2K K
naming convention allows the policy makéosdistinguish between new and old forest cells.

Agro forestry practice in areas with slopes < 60% and within protected areas with category 5 and

6. The new classes include the original LULC descriptor plus the new management practice (e.g.
Bosque and/or Forest /agro forestry).

Agro forestry practice in areas with slopes < 6@¥ginal bosque typend within polygons

delineated by the stakeholder3he new classes include the original LULC descriptor plus the

new management practice (e.g. Bosque and/or Forest /agro forestry).

Reforestation of a 25@neter buffer around reservoirs, but not downstream from the dam. If the
underlying cell had a Bosqudass,ii KS ySég Ofl aad 61 acg2NEBRGILD 2K X
naming convention allows the policy makéosdistinguish betweemew andold forest cells.

Silvopasture practice in forested areas with slopes between 10% and 25% and outside protected

areas Forthe Haina, Nizao, and Ozama basimés rule was also limited to within the polygons

delineated by the stakeholders. The new classes include the original LULC descriptor plus the

new management practice (e.g. Bosque, Forest/silvopasture).

For the HainaNizao,and Ozama basins, the agro forestry practice was assigned to areas with

slopes between 25% and 60%, with forest and/or bosque cover and within the polygons
delineated by the stakeholders. As pointed out before, it was assumed that fageetry

practice is going to take place in areas vattorest or bosque class.

For the Conservation scenario, the following rules were applied:

1

Reforestation in slopes > 45%. The new class is forest. If the underlying cell had a Bosque class,

the new class waslnY SR & . 2 a4djGi2SNBTE lsi8ning convention allows the policy

makersto distinguish between new and old forest cells.

Reforestation within a 10@neter buffer area from main rivers. The new class is forest. If the
underlying cell had a Bosque class 1 KS yS¢g Of I 4a ¢lcGaC2WEBW&ER d. 2 a
naming convention allows the policy makéosdistinguish between new and old forest cells.

Designation and reforestation of additional protected areas delineated by stakeholders. If the
underlyingcdl KIFR . 2&ljdzS Oflaaz GKS ¢SHNE@Dd&a o1 2
naming convention allows the policy makésdistinguish between new and old forest cells.
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For the Development scenario, the following rules were applied:

T

Mining class in the areaidentified by the stakeholder3his simply delineates the general area
where mining activities are expected to happen during the timeframe of the studyno such
development was forecasted by the land change model given the existing land use land cov
map and other driver maps.

Tourism class in the areas identified by the stakeholdEngs simply delineates the general area
where tourism activities are expected to happen during the timeframe of the stuatyno such
development was forecasted bydhand change model given the existing land use land cover
map and other driver maps.

Tourism and industrial class in the areas identified by the stakeholdars.simply delineates
the general area where tourism and industrial activities are expectetiajgpen during the
timeframe of the studybut no such development was forecasted by the land change model
given the existing land use land cover map and other driver maps.

Location of a new road in the Yaque del Norte basin. The road follows a slope bhe¥eand
10%.

Location of projected reservoir§he elevation of the projected dam was providétew lakes
were delineated following the contour line that corresponds to the given elevation.

For the Combination scenario, the following rules were applied:

1
1
T

= =4

4.3.5

Forest in areas with slopes > 60%. This rule was also applied in the BMP scenario.

Forest in a 3@neter buffer from main riversThis rule was also applied in the BMP scenario.
Forest in a Zxm buffer area from current national park3he new class is fose If the
dzy RSNX eAy3 OS¢ ¢ KFR | . 2aldzS Ofl §82NE&KS: ySo
naming convention allows the policy makéodistinguish between new and old forest cells.
Agro forestry was assigned within the conservation polygonselied by the stakeholders and
on cells with forest class.

Tourism and industrial class was assigned to new areas delineated by the stakeholders.
New reservoirs were placed within the locations identified by the stakehaldées elevation of
the projecteddam was providedNew lakes were delineated following the contour line that
corresponds to the given elevation.

Deliverables

The following results have been delivered in electronic format together with this report:

1

Maps in pdf format for all basins andes@rios.

o North_BAU.pdf: Business As Usual scenario for the Yaque del Norte basin
North_BMP.pdf: Best Management Practice scenario for the Yaque del Norte basin.
North_CONS.pdf: Conservation scenario for the Yaque del Norte basin.
North_DEV.pdf: Developmestenario for the Yaque del Norte basin.
North_Mixed.pdf: Combination scenario for the Yaque del Norte basin.
South_BAU.pdf: Business As Usual scenario for the Nizao, bd@aih@zama basins
South_BMP.pdf: Best Management Practice scenario for the Nilzna,and Ozama
basin.

0 South_CONS.pdf: Conservation scenario for the Niaima,and Ozama basin.
0 South_DEV.pdf: Development scenario for the Nigtona,and Ozama basin.
0 South_Mixed.pdf: Combination scenario for the Nizao, Haind Ozama basin.

O O OO0 O0Oo

Thefollowing scenarios include new land use land cover classes:
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Business As Usual:

Other crops: includes mixed agriculture, intensive agriculture, pedmonut,and citrus.
Crops for export: includes sugar canecoa,and coffee.

Best Management Practic€onservation and Combination:

The following new classes represent the existing bosque aveéasagro forestry and silvopasture
practices:

Bosque Conifer AbiertpAgro

Bosque Conifero AbiertpSilvo
Bosque Conifero DengoAgro

Bosque Conifero DengdSIvo

Bosque Latifoliado HimedpAgro
Bosque Latifoliado HimedpSilvo
Bosque Latifoliado NubladpAgro
Bosque Latifoliado NubladpSilvo
Bosque Latifoliado Semi HOmeddégro
Bosque Latifoliado Semi Himed&ilvo

The classes named Bosque tyferestrepresent the existing bosque types that met the forest cover
criteria from the rules. These areas (bosque tggerest) remain with the same cover type as the 2003
LULC map.

Bosque Conifero AbiertpForest
Bosque Conifero Dengd-orest

Bosque Latifolido Himeda; Forest
Bosque Latifoliado NubladpForest
Bosque Latifoliado Semi Himeddé-orest

The classes named Forest, Foresigro and Foregt Silvo are new areas that became forest class based
on the imposed rules.

Development:
The following new ckses were created for the development scenario:

Tourism
Tourism Industrial
Mining
Roads
Proposed reservoirs
Combination
The combination scenario includes the following new classes:

Other crops: includes mixed agriculture, intensive agriculture, pedrtonut,and citrus.
Crops for export: includes sugar canecoa,and coffee.

New bosque/forest classes were created and named with the same convention used in the BMP
scenario.

Tourism Industrial

Potential reservoirs
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4.3.6 Results

The predominant land use ldrcover classes are crops, forest and urbarthe Haina basin, Stlmasins

2 and 3 yielded most of the changes while $asin 1 remained almost the samérban and crop
expansion were simulated for the BusingssUsual (BAU), Development (DEV) &@wmbination (MIX)
scenarioswhile forest expansion and reduction of crops were simulated for the Conservation (CON)
scenario(Figure4-5 and Figure4-6).

The results are more variable for the Niz&zamaand Yaque del Norteasirsthan for the Haina basin.
As opposd to the Hainabasin the land us model forecaste@nincrease in crops ara@decrease in
forest for somesub-basins for all land use scenariosluding conservatiofFigure4-7, Figure4-8,
Figure4-9, Figure4-10, Figure4-11, Figure4-12, Figure4-13, Figure4-14). Table6-3 includes a
description of the land use type codde percents of each land type within each-4asin area are
summarized irAppendixE

[lacRc
[ AGRE
I acRL
M acrT
M FrsE
WrFRsT
[ oran
[PasT
[ IRNGE
[IsIE
st
[l 5uaC
I UREN
AR
[ wETL

2003 BAU

Figure4-5. Haina 2003 LULC amRAU modeling results
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[ laGRC

DEV

Figure4-6. Haina LULC Modeling Results the BMP, CONREV and MIX scenarios.
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[ AGRC
[ acRD
[ aGRE
B aaRL
B aGRT
M CoFF
I FR=D
I FR=E
B FR=T
[Comp

2003

BAL

Figure4-7. Nizao 2003 LULC and BAU modeling results
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BMP CONS

[laGRC
[ AGRD
[ AGRE
I &Rl
B aGRT
W CoFF
I FRsD
M rFrsE
MrFrRsT
[Clonr

DEV MIX

[aGRE
[ acRD
[ AGRE
I ARl
M acrT
M COFF
R0
I FRsE
M FRsT
oI

Figure4-8. Haina LULC Modeling Results for the BMP, C@NEY,and MIX scenarios.
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2003

[CIrasT
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Figure4-9. Ozama 2003 LULC and BAU modeling results
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BMP
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Figure4-10. Ozama LUL®Iodeling Results for the BMP and CONS scenarios.
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DEV
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Figure4-11. Ozama LULC Modeling Results for the DEV and MIX scenarios.
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[ aGRe
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Figure4-12. Yaque del Norte 2003 LULC and BAU modeling results
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BMP

[ acRC
I 2GRD
[ AGRE
I aGRL
M acRT
W CoFF
M FrRsD
I FR=E
B FR=T
[ MINE [ SILD
[CIPaST []s1LE
[IRICE []sIT
I rrGE Il UREN
I ToUr Il waTR
I TRIN [ wWETL

CONS

Figure4-13. Yaque del Norte LULC Modeling Results for the BMP and Goéttarios.
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DEV MIX
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Figure4-14. Yaque del Norte LULC Modeling Results for the DEV and MIX scenarios.
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5.0 Selection of Climate Change Projections

Riverside reviewed the climate change data received from Hifrical precipitation and temperature
quantiles were computed for all the time series for the time period 188290 The resultsonfirmed
that the time series were biasorrected Then, the annual change in temperature and the percent
change in precipitation were computed and plotted to represent, on an annual scale, the range of
results fromthe GCM projectionsThe delta plots among all four basins were similar. Theeefine
climate change selection was performefth the datafrom only oneof the fourbasirs.

Figure5-1 represensthe annualdelta plot for the Haa basinThree climate zonewere identified in
the delta plots: dry and hot, median and wet and wased red polygons iRigure5-1). Asubset of18
GCM projectiaswasselected fromall threezones for this analysis.
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Figure5-1. Annual delta plot for the Haina basin

The hydrologic response and storage characteristics obésins are not a linear function of the climate
inputs. Therefore the SWAT model for the Haina basin and the 2003 LULC daexeastedwith the
selected 18 GCM projections assess the impact of the climate inpaisthe water and sediment
production d the basin.

Sediment, water yieldgvapotranspirationand potential evapotranspiration are direct outputs from
SWATPeakflow, surfaceunoff, and baseflow were estimated based on the total streamflow output

from SWATA LogPearsorType III probabilitgistribution was fit through the annual peakflow time

series derived from the SWAT output because this type of distribution fitted very well the historical peak
flow dataand this distribution is widely used to describe this type of date 25year peakibw
(exceedenceprobability = 0.04) was selected to represent the annual peakflows isubéasins The

annual pealdatafit this distributionwell below the 25year return periodFor lowerexceedence
probabilites(< 0.04)there were very few data to fit the theoretical distribution and therefore less
confidence in the estimated annual peakflows.
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To characterize the baseflow and surface runoff components of the output flowstrd@mflowresults
were processedhroughabaseflow filterthat isavailable through the SWAT software website at
http://swat.tamu.edu/software/baseflowfilter-program’ (ArnoldJ.G et. al1999) Then,the mean
annual baseflow ash surface runoff were computed.

It is presumed that wet and warm climate projections will produce nveaer yield sediment,and
larger peakshan the baseline or historical climat€onversely, the dry and hptojections areexpected
to produce less war yield,sediment,and lower peaks than the historical climalkéhe results of this
analysis demonstrated this general trend with some exceptibiosilinearities in the hydrologic models
can produce some surprising results in some cases.

5.1 Climate Change Projections in the Hot -Dry Climate Zone

Figure5-2 shows the values gieakflow, sediment, water yield, baseflow, surfageoff, and
evapotranspiration (ET) at the outlet of the Haina basin for six dry and hot climate change projections
andthe historical mean areal precipitatiaand temperature All projections produced lower water yield
and evapotranspiration than the historical. Two projections (mpi_echam5_a2_rl 2046 and
ipsl_cm4_a2_rl1_2081) produced slightly larger peak flows than hdatdn addition,all projections
produced more sediment than the historical.
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Figure5-2. Comparison of mean annual peakflow, sediment, water yield, baseflow, surface runoff and
evapotranspiration (ET) athe outlet of the Haina basin for six climate change projections representative of the
dry and hot climate zone and the historical climate.

A closer analyzes of the data revealed that the timing of the occurrence of the peaks affects the
sediment productn in the basindUpland erosion depends on peak flow rate, surface runoff volume,
slope, an erodibility factor that was kept constant for all runs, a support practice factor that was also
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constant for all runs and a cover and management faatoich changsthroughout the simulation and
accounts for thedevelopment of theplant canopy The plant canopy affects erosion by intercepting
raindrops and reducing the effective rainfall energy available to detach soil particles.

For the climate changerojectionsthat predict lower flows and larger sedimetite peak flowsn the
future periodsoccur early in the year when the crops are not fully developed and the soil are more
vulnerable to erosionOn the other hand, the historical largest peaks adounid May and August
September when the vegetation canopyufly developed.

Figure5-3 compares the hydrograph for the historical period and thife period for the climate
projection ipsl_cm4_a2Vost peak flows are lower than the historical, except for one at the beginning
of the record Thislarge peak in the future period occurs early in the year when the crop canopy is not
dense enough to pitect the soils from erosiofFigure5-4). This peak flow produces the largest
sediment load in the future record.
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Figure5-3. Historical and future hydrographs from ipsl_cm4_a2 climate change projection at the outlet of the
Haina basin.
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Figure5-4. Sediment yield for the historical (blue) and futur@ed) periods for the ipsl_cm4_a2 climate change
projection at the outlet of the Haina basin.

Similar esults from thecccma_cgem3_a2_runl_20Bdojection are shown ifrigure5-5 and Figure5-6.

In this case, all peak flows are lower in the future period than in the historical period. However, the
sediment yield is larger in the future perioBligure5-7 andFigure5-8 show a comparison of the
sediment yield produced by a peak flow tleatcuisin Januaryand a peak flow that occain late May

The sediment yield idanuaryis much largethan the sediment yield in May, even though the peak flow
ismuchlower inJanuarythan in May This happens because the vegetation canopy is more deanse
May than in JanuaryThe amount of sediment load producedJanuary(~1400tons) represents less
than 1 mm of soil depth over the entire Haina badiherefore, it is unlikely that the lower sediment
peak producd in mid May is due t@lack of sedirant in the basin.
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Figure5-5. Historical and future streamflow from the miro3_a2_r1 climate change projectadrthe outlet of the
Haina basin.
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Figure5-6. Historical and future sediment load (in metric tons) from tleecma_cgcm3_a2_rundimate change
projection at the outlet of the Haina basin.
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Figure5-7. 2082hydrograph atthe outlet of the Haina basirfrom the ccma_cgecm3_a2_runl climate change
projection at the outlet of the Haina basin.
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Figure5-8. 2082 sedimentyield atthe outlet of the Haina basin from the ccma_cgcm3_a2_runl climate change
projection at the outlet of the Haina basin.
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5.2 Climate Change Projections in the Wet -Warm and Median Climate Zones

Figure5-9 and Figure5-10 summarize the SWAT results for the subset of climate change projections
from the wetwarm and mediarclimatezones The wetwarm projections produced increasi flow

and sediment as expectedhe projectios from the median zone yielded a combination of results some
with more flows and sediment and some with less flows and more sediment.

Peak Flow (ccms

Sediment (1071 tons) cnrm cm3 a2 11 204

e miro3_2_medres_bl_r2_204
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Baseflow (cms)

Figure5-9. Comparison of mean annual peakflow, sediment, water yield, baseflow, surfaceff, and
evapotranspiration (ET) at the outlet of the Haina basin for six climate change projections representative of the
median climate zone and the historical climate.
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Figure5-10. Comparison of mean annugleakflow, sediment, water yield, baseflow, surfacenoff, and
evapotranspiration (ET) at the outlet of the Haina basin for six climate change projections representative of the
wet-warm climate zone and the historical climate.

Riverside in conjunction WitTNC selected five climate change projections out of the 18 projections
analyzed to characterize the potential future climafesl_cm4_a2 and cccma_a2_run2 projections were
selected from the hodry climate zone to account for the effect of the timingtloé events in the
analysiscnrm_cm3_a2_rl, mri_cgcm2_2 2a bl run5_2081 and mri_cgcm2_2 2a bl run5_2046 were
selected from the other two climate zoneBhese three projections produce results that plot in the

middle of all other results and represent thgerage response from the projections in the wedrm

and median climate zones.

5.3 Seasonality of the Climate Change Projections

The monthly percent change in precipitation was plotted for all 18 GCM projections to assess the
monthly variability of the dataFigure5-11 shows the results for the projections in the dry and hot
climate zone. Even though these projections predict decreiasprecipitation onan annual scale, some

of them produce more precipitation than the historical in December through March (e.g.
ipsl_cm4_a2_runl, cccma_cgecm3_1 a2 runl, cccma_cgem3_1 a2 run2, cccma_cgem3_1,_a2 run3
mpi_echam5_a2_ruilThe monthly variatiolin precipitationis not consistent among all the

projections in the same climate zone. For example, miroc3_2_medres_a2_runl tetiffettdess from

the historical from July through September comphvéth the other projections The monthly variation

in temperature is nbas great as the variation in precipitation as showfigure5-12.
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Figure5-11. Monthly percent tiange in precipitation for the selected climate change projections in the hot and
dry climate zone.
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Figure5-12. Monthly temperature deltas for the selected climate change projections in the hot and dipnate
zone.

The results are more random for the other two climate zones and there is not a consistent seasonal
pattern among the priections In the dry and hot climate change zone, the projection
ipsl_cm4_a2_runl produces more precipitation in Noventhesugh March and less the rest of the
year, and the projection miroc3_2_medres_a2_runl produces less precipitation year. touhd

median zone, the projectioonrm_cm3_ bl runl producesore precipitation in October, November,
March, April and June. the wet and warm climate zone, the projection
mri_cgcm2_3 2a_bl run5_ 2046 predicts incredseprecipitation year roungxcept for themonths of
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December and January and mri_cgcm2_3_2a bl _

months but dnuary, March, May and June.

run5_2081 predicts irmirepsecipitation for all
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Figure5-13. Monthly percent change in precipitation for the selected climate change projections in the median
climate zone.
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Figure5-14. Monthly percent change in precipitation for the selected climate change projections in the median
climate zone.
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Figure5-15.

Monthly percent change in precipitation fothe selected climate change projections in the wet and

warm climate zone.
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Figure5-16. Monthly percent change itemperature for the selected climate change projections in the wet and

warm climate zone.
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6.0 SWAT Model
6.1 SWAT Model Setup

SWAT is a continuous hydrologic model built to quantify the impacts of land management practices in
large, agricultural watersheds allowing the user to predict the effeettefnative land management
decisions on water, sediment, nutrients, and pesticides yields with reasonable accuracy on large un
gauged river basinét is a spatially serdistributed model that operates on a daily time stdfphas a
userfriendly Grapht User Interface built iArcGIS thagases the prgrocessing of data inputs, model
development, and postJNE OSa aAy3 2F Y2RSt Qa NBadzZ Gao

6.1.1 Watershed Delineation

SWAT model setup required the DEM mentione8eéation3.1to delineate the watershedrlhe rivers
layer wasused tod 6 dzNJ ¢ OKI yy St a Ayid2 ( K&Sof B® acees was uBadyofi NR 6 dzii A
defining theaccumulated area needed before chahimétiation begins

Subbasinsgvithin the watershedare delineatedn SWAT using the DEM and by defining the locations of
the subbasin outletsThe Haina basin was delineated ithwee subbasins, using an outlet for the Isa
River andanotherat the LosCorozos streamflow gagBigure6-1 shows the basin configuration used

for the Haina SWAT model.

Higuero

.Palo de Caja .Pa\marejo

El Ermjtafio
a

|
20 Kilometers A

Figure6-1. Haina SWAT Configuration

The Nizao basin was delineated into 15 subbasins, using outlstiseatmflow gages and above and
below the reservoirsAt the request of TN@wo subbasins were added to include tMahomaRiver
basinandto create theMahomita River basiosing theLos Cacacastation as its outletFigure6-2 shows
the basin configuration used for ti¢izaoSWAT model.
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Figure6-2. Nizao SWAT Configuration

The Ozama basin was delineated into 12 subbasins using the original boundaries for the basin provided
by TNCOriginaly, the SWATelineationon the DEMdefineda 13" subbasinnamedBrujuela to the
northeastof the originalOzamaboundary. Accordingto TNC, the Brujuela basitnains outside of Ozama

and, thereforewas masked out for thefficial modelingof the Ozamabasin Figure6-3 shows thefinal

basin configuration used for the Ozama SWAT model.

58 "% RIVERSIDE



SWAT MODEL

16 Kilometers

Figure6-3. Ozama SWAT Configuration

The Yaque Del Norte basin was delineated into 39 subbasiimgjoutlets above and below the six
reservoirs as well as the outlets of a few subbasins from the basin boundaries provided. gl
6-4 shows the basin configuration used for the Yaque SWAT model.
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Figure6-4. Yaque Del Norte SWAT Configuration
6.1.2 HRU Definition

All computations within SWAAdre done on Hydrologic Response Units (HRU).[&laelresults are
combined toobtain a total on the subbasin leveWAT has internal databases that include the
parameters related to the HRU components needed for the hydrologic mod8NW@AT determines
HRUs by overlaying the LULC layer, soils layer, and a computed slopenypigtedwithin SWATFor
this study the LULC grids from the GEOMOD Land Use M8detipnl.0), the Harmonized Soils data
layer Section3.1), and the DEM from the Watershed Delineation step above were usetkforing the

HRUsAII three components of the HRU definition were set to a limit of 0% of the area, meaning that all

possibleunique combinations of the three would create an HRU.
6.1.2.1 SWAT LULC Database Edits

To be recognized by SWAT, Liyges must beclassifiedby 4letter codespre-definedin the default

SWAT databasé his database includes parameters for the LULC type that affects the hydrologic
modeling Several LULC types were grouped under the same; esde examplel f €
I 2 ¥y N ¥ySeddere classified athe FRSEevergreen forestscode Other LULGypes without an
equivalent in the databaséikeda / | Ol 2 € =

iKS a.

2 4 lj dz8

g SNBE Of | amibst doseBrepreseyiteédats G0 KS Of

landuse typeA few LULC types used in the study were already in the SWAT database and no direct

equivalenthad to be added manually to the database when developing the models.
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¢tKS G2 ySeg OflraaSa ONBIGSR

GKS 2NAIAYIE /b FYR '{[9

02 NBLINBASHeh IONRLEA AY
G/ NB L& T RBridedddverddngfitgpesnith varying parametersToestimaterepresentative
parametess for thesenew classes, the original 2003 LULC was used to determine what percentage of
each original crop type made up the total landuseach subbasinThe dominant crop type for eacbf
the dOthere and GExport classes was used ftireir respective class i given subbasin. For example, a
subbasinwith amajor crop of Caina(SUGCn the 2003 LUL&s compared t@Caféand Cacaovas
classifed as SUGC for iblExport classfor that subbasinn all LULC alternative scenaridfieCurve
Number CN andthe Cover and Management Factor used in the estimation of sediment erds®lnH
O values were weighted by the average of these percentagesvéde. Table6-1 and Table6-2 show
| pslrdspSively. T 2 NJ G KS ahiKSNE
Table6-1. Original CN and C values for Other Crops
Curve Number
Code A B C D USLE C
AGRCdultivos intensivos) 58 | 72 | 81 | 85 | 0.03
AGRLdgriculturamixta | 58 | 72 | 81| 85| 0.2
OILP PalmaAfricana) 67 | 78 | 85| 89 | 0.001
ORAN(itricos) 67 | 78 | 85| 89 | 0.001
Table6-2. Original CN and C values for Export Crops
Curve Number
Code A B C D
SUGCcarfa) | 67 | 78 | 85| 89 | 0.001
AGRL (cacad 58 | 72 | 81| 85| 0.2
COFFdafé) |62 |71 | 78| 81| 0.001
FYRGhGKSNE ONRLIE 6SNB 02

Becausel / | O ¥ ¢ &9 E LJ2 NAgriculis Rk
with the AGRL (general agriculture) camteginally, anew code typecalled EXA@ascreated to
differentiatewhen/ | OF 2 g1 & G KS R 2.YWhefAgyldiltura Bikd yzadithesddonhiid® LJ
a h K S Nite AGRILBdAde was still us@de EXAGode was only needed in a few subbasins in

Ozama.

The BMP and MIX LULC scenarios inchgneforestry, silvgpasture and tairism land covetypes, not
found in the default SWAT databaSéhe agrdorestry and silvgasturetypes were classifiedsing the
same parameters ahe forest typesusedbefore, but their CNs wereightly increased to represent an
area with woods andrass combinatioriThe new codes were defined as A@Rd SlItwith the last
letter definingthe forest type to it identifyingCE for Evergreens (Bosq@enifera); T Mixed (Bosque
Latifoliado), and;D Deciduous (Bosque Secbhe Tourism and Industriablirism LULC types were
represented using the parameters from the URBN (urban) todl@ising CN values equal to the average
of pasture and range, and the average of range and urban, respeciiallie6-3 shows the codes given

to the LULC types for each scenario.

Table6-3. LULC Types for SWAT

Landuse Land Cover Code

Cultivos Intensivos AGRC
Cacao AGRL
Agricultura Mixta AGRL
Café COFF
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Bosque Seco FRSD
BosqueConiferaDenso FRSE
BosqueConiferaAbierto FRSE
Bosque Latifoliado Nublado FRST
Bosque Latifoliadélimedo FRST
Bosque Latifoliado Serhilimedo FRST
Escasd/egetacion FRST
Palma Africana OILP

Citricos ORAN
Pasto PAST
Arroz RICE

Matorrales Seco RNGB
Matorral Latifoliado RNGB
Cafa SUGC
Zona Poblada URBN
Zona no Clasificada WATR
Mar WATR
Presas WATR
Mangles WETL
Sabana de Humedales Salobres WETL
Mina MINE

OTHER Citricos, Palma Africana, Cultivos Intensivos, and
Agricultura Mixta | e
EXPOR{ Cafia, Cacao,and Caf¢ | ===

User Created Categories

AGRL Category when EXPORT category is predominantly Ca

(used in Ozama only) EXAG
Agroforestry¢ BosqueConiferaypes AGRE
Agroforestryc Bosque Latifoliado types AGRT
Agroforestryc Bosque Seco types AGRD
Silvoforestryg BosqueConiferatypes SILE
Silvoforestryg Bosque Latifoliado types SILT
Silvoforestryg Bosque Seco types SILD
Tourism TOUR
Industrial Tourism TRIN

6.1.2.2 Management Operations Edits

SNVAT assigns default United States management practices to the land use types. This includes just one
growing season, and by default, no specified irrigatBecause agricultureccursyear round in the
Dominican Republic, the management practices for all of the models were adjusted in the Management
Editor within the SWAT model interfad®@ased on the Plan Hidroldgico Nacional developed by INDHRI,
the irrigated lands in the Domizan Republic are cultivated two or more times per year and the

duration of each crop cycle varies from 110 to 365 dkanagement operations were changed for all

crop types being modeled to include two growing seasons, one from January thfoogland another

from July through Decembefn operation was added for the addition of elemental nitrogen fertilizer
during each growing seasoBecause modeling the reservoirs and irrigation canals was beyond the
scope of the project, an operation was addedrrigate the crops basedn the plantdemand from the

reach at the outlet of the basincluding the irrigation in this manner helped enstinat the water

balance for the basins wasaintained Table6-4 includes the parameters used for these operatiofs
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irrigation efficiency of 30%vas estimated fronthe Plan Hidrologico Naciondéveloped by INDHRAII
other parameters were baseoh guidelines from the SWAT User Manuals.
Table6-4. Management Operation Parameters

Management
Operation

Parameter Description Value used
FRT _KG Amount of fertilizer applied to the HRU 50 kg/ha
Fertilization | FRT_Surface | Percent of fertilizer applied to the top 10 mm of soil, the req 0.2
is applied to the first soil layer below

AUTO_WSTR| Water stress threshold that triggers irrigation, as a fraction | 0.9
potential plant growth

IRR_EFF Irrigation efficiency 0.3
Auto IRR_MX A.mount of irrigation water applied when auto irrigation is | 50 mm
Irrigation tnggerepl - — —
IRR_SCA Auto irrigation source. A value of 1 indicates water is divert| 1

from a reach
IRR_NOA Auto irrigation source location. When IRR_S@i&,number ReachDat
identifies the reach ID from which water is diverted outlet of basin

As recommended in th8WATmanualsslopes greater than 10%eed to have larger CN valuies
simulate increased water runoffhe Adjust CN by Slope option vzdsen in the management editor
mode in the model to compute these values automatically.

TheSupport Practice Factor (USLE P) used in the estimation of soil erodierModified UniversalSoil
LossEquation (MUSLEJs affected by slope and was editéat all cropsin the Management Editor
within SWATFor the 2003, BAU, and DEV LULC scenarios, USLE P values weretadjisfed slopes
less than 10%, 0.8 for slopes less than 20%, and 0.9 for slopes greater thd&o208%6ps in the BMP,
CONS, and M LULC scenarios, theses values were set to 0.25, 0.4, and 0.45damiheespective
slope classe@lulien, 1998).

6.1.3 Climate Input

SWAT equiresuserdefined daily climate dataA single precipitation timeseries per basin was available

for each climateehange scenarid-or modeling within SWAT, this timeseries was gylit a

precipitation timeseries foeach subbasinso that vhen an areaweighted sum is taken @ach it equals

the total basinprecipitation A single temperature timeseries per bagiasused for each climate

change scenarid_imited historical data @ere available for relative humidity, solar radiation, and average
wind speed dataFor use in SWAT, the average monthly values was taken from each dataset and used as
the daily value fortiat month for all time periods.

6.2 Model Calibration

The evaluation of SWAT model input parameters is based on the visual closeness of individual observed
and simulated hydrographs, as well as overall simulation statistics. Which statistics are considered
important depend on both the availability of data and the hydrologic complexity of the basin

Headwater sukbasins are not influenced by upstream sodisins, therefore, there is generally a good fit
between observed and simulated hydrographs. -Babins withdiversions or other losses introduce
complexity that causes additional uncertainty.

The configuration of management operations within SWAT such as planting, irrigation, and harvesting
schedule are important to simulate the growth of cropsich affects pmarily the evapotranspiration
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and the erosion of the soil¥he SWAT configuration accounts for irrigation of crops within the basins
explained in the previous section of this repdrhe simulation of the reservoirs was out of the scope of
this project For this reason, the basins were divided in-®alsins upstream from reservoirghis
configuration alloved the estimation of water and sediment contribution to the reservpirst does not
account for the mass balance in the lakes.

Most basins hae more than one streamflow gagehe streamflow record that correlated better with
the observed precipitation was selected for calibratiBlach basin (Nizao, Haif@zamaand Yaque del
Norte) was calibrated to one single gage within its boundaBeslinent data were not available for
calibration The following sections summarize the detailed calibration approach for each basin.

6.3 Calibration Approach
6.3.1 Nizao Basin

The Nizao basin is located to the west of Haina and drains an approximate area of 1kod0Tdte

land useland cover of the basin is comprised of approximafi¥sforest, 31% agriculture, and 6%
pastures. Sugar cane covers approximately 5% of the Nizao bhsifbasin soil types are characterized
as 95% eutric cambisols and 5% luvic calci$bisNizaobasinis the steepest of the basins with 19% of
the area at 120% slopes and 67% of the basin greater than 20% slopes.

There are a total of five streamflow gages and four reservoirs within this.Ifad¥basins were
delineated at each gage amd the upstream end of each reservalihis configuration resulted in a total
of 15 subbasins as shown ifigure6-2.

The period of record for theages is shown iRigure6-5. Palo de Caja is located on the main stem and
has the longest period of recor@ihe Los Cacaos gage is located in a headwater dagimas a long

period of record. However, the streamflow data are not very consistent from year to year with periods
of large peaks followed by periods of sustained low fla@adibration was performed fdahe Palo de

Caja basin prior to the catiuction of the Jiguey reservoir in 198he calibration period was 19611-

01 to 198512-31.

The La Guama irrigation diversion is located between the Bocaina and Palo de Caja gages and far from
the main stemThepotential effect of this diversion was not considered in calibration because there is

no information about return flows that might occur from the irrigated lands. Additionally, the irrigated
area is small and it is presumed that the impact of this digeri& not significant.

Period of Record

Legend Index

——1)Bocaina

——2) ElEmitano
3) LaEstrechura)
4) LosCacaos

——5)PaloDeCaja

PN S S T T T N S N T T TN T Y S A S T T TN Y S S T T [T T Y S AN S S T T Y S S T T |
1960 1965 1970 1975 1980 1985 1990 1995 2000

Figure6-5. Period of record of streamflow gages within the Nizao basin
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6.3.1.1 Nizao Calibration Strategy and Results

The initial parameter set produces a simulation that over simulatepéads and under simulates the
baseflow, yielding an annual bias-88% over the period 1960 to 198bhe calibration focused on
achieving a better balance between peaks and baseflow while reducing the annual bias.

The option ICN (parameter to define thge of method used to compute the initial retention with the
SCS curve number) was changed to 1 to reduce the peaks. This option uses the evapotranspiration to
compute the daily curve numbgwith this change the peak flows decreased significantly. NEeQEF
(factor to adjust the initial retention coefficient) was retained at 1.0. The Curve Number (CN) for the
most predominant land use land cover types upstream from the Palo de Caja gage were increased to
simulate more surface runafHowever, the modelvas not sensitive to these changes even with a high
CNCOEF (of up to 1.5he CN values were set back to the initial S&#RLAG (surface runoff lag
coefficient) was reduced to 1. There was a minor improvement in the visual fit of the simulation with
this change. The hydraulic conductivity of the soil for the Eutric Cambisols type was increased from 13.2
mm/h to 30 mm/h to allow more infiltration into the soil lay€FrheEutric Cambisols ithe Nizaobasin

are loamsoils thatcan have saturated hydrauliorductivitiesranging from20 mm/h and120mm/h
depending on the infiltration characteristics of the soil (Hazelton, P. et. al ZDRig)changé the

saturated hydraulic conductivitsignificantlyincreasedhe simulation of the low flows.

The initial laseflow parameters are all setup to allow maximum contribution to baseflow from the
shallow aquifer and minimum losses through the deep aqulfeaddition REVAP (factor that measures
the amount of water that move from the shallow aquifer to the overyimsaturated zone) is set to a
minimum value The groundwater delay time was increased to sustain baseflow year ratvednodel
was sensitive to this chang€&he annual bias was reduced-28% with parameter changes.

Plots of the simulated flows at the Estrechura and the Bocaina gages show under simulation of the
observedflow as well In order to reduce the annual bias, the mean areal precipitation (MAP) input in
the model was increased by 15% for all the-Balsins pstream from the Palo de Caja gagéis change
resulted in a simulation that produces46 annual bias at the Palo de Caja gage.

Figure6-6 shows thesimulated and the observed streamfldine series at Palo de Caja for a period of
just over a yearThe results vary witthe observedeaks over, under or well simulated.
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Figure6-6. Palo de Caja observgded) and simulated (blue) streamflow.

The final parameter set is includedTiable6-5.

Table6-5. Nizao final parameter set

PARAMETER FINALVALUE

ICN 1
CNCOEF 1.0
SURLAG 1.0
EPCO 1.00
ESCO 0.95
RCHRG_DP 0.0
REVAPNM 1
GW DELAY 200
ALPHA_BF 0.05
GWQMN 0
GW_REVAP 0.02
SOL_K upper layer

Eutric Cambisols 30 mm/h

6.3.2 Haina Basin

The Haina basin iscated between the Nizao and Ozama basins and drains an approximate area of 561
sgkm. The outlet of the basin is at the city of Santo Dominge.l&nd use land cover for the basin is
comprised of approximatel}7%forest, 12% pasture, an@% agricultue. Major crop types within Haina

66 %~ RIVERSIDE



SWAT MODEL

include orange and sugar cane, which are 16% and 9% of the area, respethiedhasin soil types are
characterized as 70% eutric cambisols and 30% luvic calcisols. Haina is the second steepest basin with
15% of the areat 5-10% slopes, 21% of the area at2A@% slopes, and 40% of the basin greater than

20% slopes.

There is one streamflow gage within this baSnbbasins were delineated at the Los Corozos gage and
at the junction of the Isa and Haina rivers as showrigure6-1. The water supply diversions {s&ana

and Duey are located upstream from Los Corozos gage. Together, they divert abotits1Thin
discharge was added to the observed gage data prior to calibration to account for those losses in the
basin The calibration period was from 1983-01 to 198812-31.

6.3.2.1 Haina Calibration Strategy and Results

Unlike the Nizao, the initial parameter set proésoover simulation with an annual bias of 10%e
largest peaks in the record are well simulated while medium to small peaks are significantly over
simulated Observed peak magnitudes are not consistent throughout the entire period of reesk
flows n the last two years of record are about 3 to 4 times the peaks in the early yagus€6-7). It is
not possible to simulate the correct magnitutte all peaksTherefore, the goal of this calibration was
to reduce the annual bias and achieve the correct simulated streamflow volume.

aolfHER

2000

Foo.0

G000

S00.0

g00.0

2000

200.0

00.0

Oz

LesCorozoes - 340004, 240004, Stre 24Hour (1983-01-01 00 to 1982-12-231 00)

Figure6-7. Los Corozos streamflow data

The excess volume was adjedtby changing ICN from 0 toGNCOEF was set at 0.5 to reduce the

peaks. The baseflow component of the hydrograph was decreased by allowing less water to move from
the shallow aquifer to the stream (GWQMN =.18)JRLAG was lowered to 1 to better captilre shape

of the recession of the hydrograph. The deep aquifer percolation fraction (RCHRG_DP) was set to 0.0 to
reduce losses to the deep aquif@ihis change helped to adjust the magnitude of the groundwater
Additional parameter changes were tried bugtrmaintained.

The annual bias for this basin-&%. The final simulation balances the over and under simulation of
peaks Figure6-8).
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Figure6-8. Los Corozos observed (red) and simulated (red) streamflow.

The final parameter set is includedTiable6-6.

6.3.3 Ozama Basin

FINAL
PARAMETER| VALUE
ICN 1
CNCOEF 0.5
SURLAG 1
EPCO 1.00
ESCO 0.95
RCHRG_DP | 0
REVAPNM | 1

GW DELAY | 150
ALPHA_BF 0.5
GWQMN 10
GW_REVAP 0.02

Table6-6 Haina final parameter set

The Ozama basin is located east of Haina and drains an approximate area of-R&94'kg outlet of
the basin is at the city of Santo DomingbeTand usdand cover of the basin is comprised of

approximately32%forest, 21% agriculture, and 10% pasture. Sugar cane covers approximately 37% of
the area in Ozamda he basin soil types are characterized as 21% eutric cambisols, 73% luvic calcisols,

and 6% rendzic leptosols. Ozama has 34% of the area at less than 5% slopes, 26% of thel/®a at 5
slopes, 21% of the area at-P0% slopes, and only 18% of the basin greater than 20% slopes.
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There are a total of six streamflow gages within the OzamaATSWias configured with 12 sddasins.
The outlets correspond to the streamflow gages and the junctions of the main rikigis€6-3). The
calibrationperiod was from 195®1-01 to 198212-31.

6.3.3.1 Ozama Calibration Strategy and Results

Model simulations were compared against the observed streamflow at Cacique. This gage is at the
outlet of a headwater basin and shows a good correlation with the precipitatada The Cacique gage
also has the longest period of recof€iqure6-9). Other gages do not seem to correlate as well with the
precipitation dataas Caciquda-or examplethe El Cerro gage, close to Cacique, and located in another
headwater has a sequence of peaks that repeat periodically at about the same magnitude indicative of
potential problems with the streamflow recor@he final parameter savas compared against the
Palmarejo gage, just downstream from Higuero.

Period of Record
Legend Index

—— 11Cacique

—2)Donduan
FIElCerra
4y Higuero

— &) Palmarej

A I T T T T T I T A IS A T S N [ S A S |
1955 1953 1980 1952 1964 1966 1963 1970 1972 1974 1976 1978 1980 1932 1984 1986 1958 1990 1992 1994

Figure6-9. Period of record for streamflow gages within Ozama basin

There are 2 surface water supply intakes and 69 wells in thia Hasy.Omar Rancier, Direccion
General de Ordenamiento Territorial, personal communication, February 28d@itionally, irrigation
diversions exist in this basihe Cacique water supply intake is located downstream from the
streamflow gage. Therefor¢here was no need to consider this diversion in calibration.

Baseflow was first adjusted by shifting more water to the sail CNCOEF was initially reduced and the
groundwater delay increasedhese changes produce a good fit for the baseflow but ustheulated
significantly the peak<N values for the predominant land type (Forest) were increased. The simulation
of low flow periods improved but the peak flows were significantly over simuldtedrefore, the CNs

were set back to their original valueSNCOEF was set to 1.5 to increase the simulation of peak flows
and the ground water delay increased to 100 days to sustain the baseflow year round.

The final simulation yields an annual bias of B#gure6-10 shows a comparison of the observed and
simulated streamflow for a period of one ye&ome peaks are missed in the simulation due to the lack
of precipitation eventsThe station coverage in thimsin is very sparse and probably unable to capture
the spatial distribution of rainfall events over the basiable6-7 includes the final parameteset.
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Figure6-10. Cacique observed (red) and simulated (blue) streamflow.

Table6-7. Ozama final parameter set

PARAMETER| FINAL VALUE

ICN 1
CNCOEF 1.5
SURLAG 1
EPCO 1
ESCO 0.95

RCHRG _DP |0
REVAPNM |1
GW DELAY | 100
ALPHA BE | 0.05
GWQMN 0
GW_REVAP | 0.02

The final parameter set produces a mean annual bia8%fin thesimulation of thePalmarejo sub

basin In generalthe baseflow is slightly over simulated and the simulation of peaks varies as shown in
Figure6-11. The flows in the Ozama basin are significantlgratl by water supply and irrigation
diversions No information is available to assess the impact of the diversions on the measuredaflows
the Palamarejo gage.
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Figure6-11. Palamarejo observed (red) arsimulated (blue) streamflow
6.3.4 Yaque del Norte Basin

TheYaque del Norte basin is located northwest of the Nizao basin and drains an approximate area of
6859 sgkm. The basin is comprised of approximat8§%forest, 20% agriculture, 15% range, and 9%
pasture Major crop types within the Yaque del Norte include rice and coffee, which cover 11% and 6%,
respectivelyThe basin soil types are characterized as 55% eutric cambisols, 21% eutric vertisols, and
20% luvic phaeozems. The Yaque has 19% of the area #ihdes5% slopes, 21% of the area diB6

slopes, 24% of the area at-P0% slopes, and 36% of the basin greater than 20% slopes.

There are 15 streamflow gages in this basin and six reseriomddition, there are several irrigation
diversions indicave of a highly regulated basin.

Subbasins were delineated with outlets at all gages and upstream of reserddiogal of 39 sukbasins

were defined within SWAT. Manabao, Pinar Quemado and Boma all have very consistent records where
peaks occur at theame time and the hydrograph volume increases from upstream to downstréaen
Baiguate irrigation district is just downstream of Pinar Quemado and the irrigation diversion, Arroyo
Cercado, appears to be just upstream from the gage.

A comparison of straaflow data between Las Charcas and Puente San Rafael indicates that flows are
retained in Presa Moncion to let releases pass from Presa Bao and Lopez Angostura. The local
contribution between Las Charcas and Puente San Rafael is not appreciable in tiigadathon the
isohyetal map, the rainfall in this area (middle to lower basin) is less than the precipitation in the upper
basin In addition, water is diverted for irrigation in between the Las Charcas and Puente San Rafael
gages.

The most upstream basi Manabao seems to be the least regulated babhe land usdand cover map
shows a large portion of the basin covered with agricultural lands, but no irrigation diversions were
identified. The SWAT model calibration was performed by comparing the saddlaws against the
observed flows at the Manabao gadée simulation period was from 1984-01 to 199712-31.
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6.3.4.1 Yaque del Norte Calibration Strategy and Results

The Manabao subasin is located in the upper part tife Yaque del Norte basin, where raaiifis
significantly larger than in the lower basin.

The initial parameter set significantly under simulates the observed streamflow with an annual bias of
negative 4% The soil parameters for Eutric Cambrisols in the Yaque del Norte basin were iseildo s
values used in the Nizao basin to increase the interfloWCOEF was set to 0.5 to reduce the peaks and
simulate more groundwater flowlo increase the baseflow component, the recession rate (Alpha_bf)
was increased to 0.9 hen the groundwater dejawas increased to 200 days to sustain the baseflow
year round The CN for forest was increased, which reduced significantly the annuahki&8b6 increase

in mean areal precipitation was required to reduce the annual bias even more. The final simulation
yields an annual bias ef% with monthly biases less than 10% from January through May and
September through December.

The under estimation of the precipitation could be caused by the sparse station network around the
area as shown iRkigure6-12. The precipitation gage located at the outlet of the basin (Manabao) has
data from 1983 to 2006Therefore, for the first 20 years of calibration theecipitation was estimated
from other stations located farther away from the basin

ot 7 S

Manabao Sutbasin

{f_ . ] _. Constanza
! &
¢ “\.I\S\g s s

Figure6-12. Precipitation stations (green triangles) within and around the Manabao sin

The wsual fit of the baseflow is very goodeadk flows are well simulated and some tine&r simulated
(Figure6-13). The observed streamflow is noisidan the rest of the record from about 1980 to 1982
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This could be the result of potential problems at the gage during this peritite presence of
diversions The final parameter set is summarized able6-8.
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Figure6-13. Manabao observed (red) and simulated (blue) streamflow

Table6-8. Yaque deNorte basin final parameter set

PARAMETER ‘ FINALVALUE

ICN 1

CNCOEF 0.5
SURLAG 4.0
EPCO 1.00
ESCO 0.95
RCHRG_DP 0.0
REVAPNM 1

GW DELAY 200
ALPHA BF 0.5
GWQMN 0

GW_REVAP 0.02

The Rincon subasin is another headwater in the Yaque del Norte hadie simulation for this sub

basin was compared against the streamflow record from the Rincon gage using the final parameter set

The baseflow matches very well. However, most peaks are not simyFitpare6-14). There is only one
precipitation station within this basiThe spatial variability of the precipitation is not captureelll
with only one precipitation station in this basin.
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Figure6-14. Rincon observed (red) and simulated (blue) streamflow

Aprevious study in the Yaque del Norte basin (Cuello, 2003) reports total sediment load over the entire
Yaque del Norte basin of about 0.92 mm pear. The mean annual sediment load simulated in the
Manabao sukbasin is 0.10 mm per yearhe orde of magnitude of these results are in good

agreement.

6.4 Calibration Summary

There is uncertainty associated with both the input precipitation and the strieamdata Streamflow
records over the same stream network were compared when possible to assess the quality of the data
In general, if the upstream and downstream flows peaked at about the same time, then more
confidence was given to the streamflow dateh the precipitation. In all cases, if the water balance
could not be achieved in the basin with parameter changes, an adjustment of the input precipitation
was done.

All basins produce flashy responses with sustained baseflows year round. AllHzagrgmilar soil
types TheNizao and Ozama are simulated witiore surface runoff whilehe Yaque del Norte anthe
Hainabasinsare simulated with more interflow and baseflow components.

The input precipitation data were increased in the Yaque delé\mrt Nizao basins in order to achieve
the water balance. In all basins, several peaks could not be simulated due to the lack of adequate
precipitation. The precipitation station network is sparse in some areas such asrinrtheastpart of
the Ozama bsin and the southeast section of the Yaque del Norte basin.

Given the quality of the data, the approach of the calibration was to achieve the correetgiongvater
volume. This was computed as the annual percent bias between the observed and the simulate
streamflows.
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MODELING THE EEH OF LULC AND @OIEICHANGES IN THRIEROLOGIC RESPONSEHE BASINS

7.0 Modeling the Effect of LULCand Qimate Changesin the
Hydrologic Response of the Basins

After calibrating the SWAT models, new SWAT models were configured using the five land use land
cover scenarios and theelected climate change projectiarihe calibration parameters were input into
these modelsThe new LULC scenarios were parameterized as explaiigedtian 6.1 of this reportto
accommodate the new modeled class&be baseline model uses the 2003 LULC and the historical MAP
and temperature dataThis model wasun with the selected five climate change projectiofibe other
models correspondintp the BAU, BMP, CONS, DEV, and MIX LULCumendth three climate change
projections.

Water yield was output from SWAT as a daily time sdaesachsub-basin. This time series was post
processed to compute the mean annual water yield in eachl@din for this analysighe sediment
load was also output from SWAT as a daily time seftes mean annual sediment load was computed
from the daily time seriesThe sediment load from SWAT is the total sediment accumulated at the
outlet of each basinTherefore, the difference between the sediment leaving each-lsabin minus the
sediment coming into each stlimsin was computed testimatethe subbasin upland erosion.

The streamflow time series from SWAT was post processddwelopan annual peak flowime series
A Log Pearson Type Il probability distribution wafihe annual peak flow data to estimate the-25
year return period peak flow as explained3zction 5.0 of thisreport.

Mean annual baseflow was computed from daily baseflow time seftes baseflow time series was
computed from the daily streamflow time series output from SWAT using a bastitier as described
in Section 5.0 of this report.

Thesediment and water yieldesults are summarized by stiasin rather than by basin wide tdta
However, the baseflow and peakflows were estimated from the total outflow (total streamflow) at the
outlet of the basin and not the local flowBhe land use land cover is very variable across the basins and
therefore, a lumpedediment and water yieldesult will not be useful for water managers to

understand the relationship between the different land type changes and the hydrologic resipahe
basins The model results were output at the outlet of the sbasins indicated ifigure7-1, Figure7-2,
Figure7-3, andFigure7-4.
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Figure7-1. Basin or reach numbers used to output the results for the Haina basin.
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Figure7-2. Basin or reach numbers used to output the results for the Nizao basin.
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Figure7-3. Basin or reach numbers used to output the results for the Ozama basin.
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Figure7-4. Basin or reach numbers used to output the results for the Yaque del Norte basin.
7.1 Results

The resultsare highly variable from basin to basirne analysis included in this section highlights the

major trends in water yield, sediment, baseflow and peakflow due to kil use and climate changes

with the objective of identifying the land use land coveesario that produces less sediment and more

water yield in the basing-or the purpose of analyzing the impact of land use change, the results were
compared across all LULC scenarios for a given climate sceianilarly, the impact of climate change

was analyzed by comparing the results among all climate scenarios for a given laAdinaé

comparison between the baseline results (2003 LULC and historical climate) and each climate and land
use scenario combination was alssessedrl he following a@nyms are used in the balance sheet

tables presented in this section to identify the land use land cover scenarios: 2003 is the 2003 LULC, BAU

is Busines#\sUsual BMPis Best Management Practice, CONS is conservation, dE¥lspmentand
MIX is combiation.

7.2 Haina Basin
7.2.1 Water Yield

Table7-1 summarizes the mean annual water yield for each climate change and land use scenario

modeled For a given lathuse land cover scenario, the water yield increases from the dry and hot to the
wet andwarm climate projections for all three sulasins.

For all climate change projections, the lowest water yield is predicted witledhservatiorandthe
largest wate yieldis produced some times by the combination scenario and sometimes by the
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developmentbut the difference between both scenarios is not significdiis means thate reduction
in crops andhe increase in forest cover produdesswater yield in the Haina basiRorest land types
tend to evapotranspirate more than crop lands reducing the water yield.

The results for the wet and warm projection and across all land use land cover scenarios are larger than
the baseline results.

7.2.2 Peak Flow

For a given land use land cover scenario, the peak flows increase as the climate data change from the
dry and hot to the wet and warm climate zones as expectég variation of peak magnitude is not
significant fora given climate change projectiamd across all land use land cogeenarios. In general,

the median and wet and warm climate change projections produce larger peaks than the hakatilee

7-2 shows the peak flow results for all climate change and land use models.

7.2.3 Sediment

The variation of sediment load in the basin among all modeled scenarios is greater than the variation of
peak flows For a given land use land cover, the seditiead does not change proportionally with the
increase irprecipitation This is due to the fact that the erosion will be affected by the timing of the
rainfall events in relation to the stage of the vegetation canopy.

For all climate change projectisnthe conservatiorscenario produces the least amount of sediment in
sub-basins 1 and 2 while the best management practice produces less sedimentbhasinl8

With respect to the baseline sediment yield, the sediment yield increases under all clinaatgec
projections and across all land use land cover scenarios for thbasibs 2 and ,3xcept for the
conservation scenario in stiiasin2 thatreduces significantly the sediment yield under all three climate
zones.

7.2.4 Baseflow

For a given land use landwer scenario, the baseflow is larger for the wet and warm climate change
projections than for the dry and hot climate change projectidfm a given climate change projection,

the conservation scenario producksvestbaseflow There is not a single scaio that produces
consistently the largest baseflow general, the wet and warm scenario produces larger baseflows than
the baseline simulation
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Table7-4 summarizes the baseflow results.

Overall, under a wet and warm climate change projection the water yield, peak flow and baseflow tend
to increase with respect to the baseliriehe combinatiorand development scenarios tend to produce
more water yield The conservation scenario produces tbeestwater yield, and baseflow he
conservation and théest management practicecenarios tend to produce the least amount of

sediment.
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Table7-1. Mean annual water yield in the Haina basin for all LULC and climate change projections modeled.

Dry andHot Climate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_a2_run: ipsl_cm4_a2 run cnrm_cm3_a2_runl mri_cgcm2_3 2a bl run mri_cgcm2_3 2a bl runf
Historical _2081 2100 1 2081 2100 _2046_2065 5 2081_2100 _2046_2065
1 Baseline 960 266 384 807 1075 1080
1 BAU 394 826 1098
1 BMP 391 826 1096
1 CONS 370 796 1062
1 DEV 396 830 1102
1 MIX 389 842 1115
ccecma_cgem3_a2_run: ipsl_cm4_a2 run | cnrm_cm3_a2 runl mri_cgcm2_3 2a bl run mri_cgcm2_3 2a bl runf
Historical 2081 2100 1 2081 2100 _2046_2065 5 2081 2100 _2046_2065
2 Baseline| 2867 748 1094 2448 3242 3229
2 BAU 1173 2606 3396
2 BMP 1108 2513 3297
2 CONS 847 1980 2711
2 DEV 1182 2575 3372
2 MIX 1154 2594 3384
cccma_cgem3_a2_run: ipsl_cm4_a2_run | cnrm_cm3_a2_runl mri_cgcm2_3_2a bl run mri_cgcm2_3 2a_ bl run!
Historical _2081_ 2100 1 2081 2100 _2046_2065 5_2081_2100 _2046_2065
3 Baseline 764 182 280 650 880 890
3 BAU 374 830 1089
3 BMP 280 661 886
3 CONS 190 442 630
3 DEV 386 810 1045
3 MIX 382 807 1040
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Table7-2. Annual peakflow in the Haina basin for all LULC and climate change projections modélats are cms.

Dry and Hot Giiate Zone Median Wet and Warm Climate Zone
cccma_cgcm3_a2+ ipsl_cm4_a2 runl_cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run mri_cgcm2_3 2a bl run
Historical | run2_2081_2100 2081_2100 2046_2065 5 2081_2100 5_2046_2065
1 Baseline 112 62 124 143 158 148
1 BAU 117 140 155
1 BMP 123 141 157
1 CONS 125 143 159
1 DEV 124 141 155
1 MIX 125 140 158
cccma_cgcm3_a2+ ipsl_cm4_a2_runl_ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a bl run mri_cgcm2_3_2a bl run
Historical | run2_2081_2100 2081 2100 2046_2065 5 2081_2100 5 2046_2065
2 Baseline 418 219 445 526 583 525
2 BAU 412 502 570
2 BMP 452 528 580
2 CONS 446 561 623
2 DEV 448 527 575
2 MIX 449 522 584
cccma_cgcmS_aZ{ ipsl_cm4_a2 _runl_ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a bl run mri_cgcm2_3_2a_ bl run
Historical | run2_2081_2100 2081_2100 2046_2065 5 2081_2100 5 2046_2065
3 Baseline 509 253 509 632 706 636
3 BAU 498 607 685
3 BMP 517 636 702
3 CONS 488 647 766
3 DEV 528 644 697
3 MIX 528 635 706
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Table7-3. Annual sediment load in the Haina basin for all LULC and climate change projections motiiigs .are tons.

Dryand Hot Ciinate Zone Median Wet and Warm Climate Zone
cccma_cgcm3_a§ ipsl_cm4_a2 runl_| cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl runj mri_cgcm2_3 2a bl run!
Historical _run2_2081_2100 2081_2100 2046_2065 _2081_2100 _2046_2065
1 Baseline 1319 131 289 1194 1675 1584
1 BAU 269 1104 1526
1 BMP 140 597 867
1 CONS 102 467 699
1 DEV 286 1181 1638
1 MIX 142 377 667
cccma_cgem3_a2 ipsl_cm4_a2_runl_| cnrm_cm3_a2_runl_ mri_cgcm2_3_2a bl run! mri_cgcm2_3 2a_bl_run!
Historical _run2_2081_210 2081_2100 2046_2065 _2081_2100 _2046_2065
2 Baseline 2346 905 2721 2523 4580 3257
2 BAU 7651 5734 9273
2 BMP 2195 1743 3217
2 CONS 916 1169 1893
2 DEV 6790 5396 8544
2 MIX 5014 2553 4317
cccma_cgcmS_aﬁ ipsl_cm4_a2_runl_| cnrm_cm3_a2_runl_ mri_cgcm2_3_2a_ bl run! mri_cgcm2_3_2a bl run!
Historical _run2_2081_2100 2081_2100 2046_2065 _2081_2100 _2046_2065
3 Baseline 1070 5712 8186 4037 3433 3877
3 BAU 15482 8851 7479
3 BMP 8085 4053 3318
3 CONS 8206 4150 3390
3 DEV 17872 10157 8538
3 MIX 17624 9332 7367
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Table7-4. Mean annual baseflow in the Haina basin for all LULC and climate change projections modkigs.are cms.

Dry and Hot Climate Zone ‘ Median ‘ Wet and Warm Climate Zone
cccma_cgem3_a2_ ipsl_cm4_a2 ru cnrm_cm3_a2 runl | mri_cgcm2_3 2a bl run5 mri_cgcm2_3 2a bl ru
Historical run2_2081_2100 nl1_2081_2100 | 2046_2065 2081_2100 n5_2046_2065
1 Baseline 487 179 256 424 531 550
1 BAU 274 475 597
1 BMP 264 453 566
1 CONS 246 420 522
1 DEV 269 457 573
1 MIX 262 486 600
cccma_cgem3_a2_ ipsl_cm4_a2 ru cnrm_cm3_a2_runl_ mri_cgecm2_3 2a_bl_run5_ mri_cgcm2_3 2a_bl_ru
Historical run2_2081_2100 nl1_2081_ 2100 2046 2065 2081_2100 n5_2046_2065
2 Baseline 2319 699 1020 2003 2566 2577
2 BAU 1089 2245 2831
2 BMP 1036 2093 2654
2 CONS 783 1415 1781
2 DEV 1068 2075 2650
2 MIX 1033 2158 2713
cccma_cgem3_a2_ ipsl_cm4_a2 ru cnrm_cm3_a2_runl_| mri_cgcm2_3 2a_bl_run5_ mri_cgcm2_3 2a_bl_ru
Historical run2_2081_2100 nl1_2081_2100 | 2046_2065 2081_2100 n5_2046_2065
3 Baseline 2454 538 871 1977 2678 2734
3 BAU 1003 2361 3088
3 BMP 918 2126 2815
3 CONS 707 1448 1864
3 DEV 971 2112 2818
3 MIX 940 2187 2854
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7.3 Nizao Basin
7.3.1 Water Yield

For a given land use land cov&renariathe water yield increases with the increase in precipitatiaa

the Haina basingfr a given climate change projection the best management practice scenarios psoduce
the lower water yield while the combination scenario produces the largest water. Heldever, the

results do not differ significantly across the different land use land cover scentatus 7-5, Table7-6,
andTable7-7).

Thebaseline water yield is greater than the water yield from the simulations with the dry and hot
climate change projection across all LULC scen@msversely, the baseline water yiéddess than the
water yield from the simulations with the wet and warm climate change projection across all LULC
scenarios.

7.3.2 Peak Flow

For a given land use land cowsenariathe peak flowis lower for the dry and hot climate change
projection than br the median and wet and warm projectiohhe median climate change projection
(cnrm_cm3_a2_runl_2046_2065) tends to yield the largest pétiwever, the peak flows for the
median climate zone do not differ significantly from the peak flows in the wétvgarm climate zone
For a given climate change projection, the variation in peak flswst significantacross all LULC
scenariosThe combination scenario produces the lowest peak for most of thebagins.

The baseline peaks are very similar to geak flows from the combination scenario and the median
climate change projection (cnrm_cm3_a2_runl 2046 2065). The baseline peaks are also larger than the
peaks predicted with the dry and hot climate change projectame{able7-8, Table7-9, Table7-10).

7.3.3 Sediment

In general, dér a given land use land cover scenario the sediment load is lower for the dry and hot
climate change projection than for the median and wet and warm projections\ést sub-basins For

the combination scenario, this trend does not haltthe outlet of the basin (subasin 15)The dry and
hot projection (psl_cm4_a2_runl_2081_ 21pproduces more sediment even when the peak flow and
the surface runoff decrease witlespect to the baselinelhis might be due to the timing of the peaks in
relation to the stage of the crop canopy.

For a given climate change projection, the conservation scenario produces the lower seyiehént
followed by the best management practiceemaria The combination scenario produces the largest
sediment l@ad even though this scenario also produces the ktyweaks This result is due tthe

surface runoficomponent of the hydrograptThe sedimenyield dependsnot only on the magnitude of
the peaks butalso onthe amount ofsurface runoff A comparison of the surface runoff generated by the
wet and warm and the median climate change projectiaith the baseline results for the combination
scenario indicatean increase in surface runofigure7-5).
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Figure7-5. Comparison between the baseline results and the combination scenario andiatlate change
projections results for sukbasin 15.

The baseline sediment load is larger than the results from the dry and hot and median climate change
projections for all but the combination scenari@able7-11, Table7-12, andTable7-13 summarize the
sediment results in the Nizao basin.

7.3.4 Baseflow

For a given land use land cover scenario the baseflow increases with the increase in precipitaitaon
given climate change projectiothe largest baseflow is produced by the combination scendno.
general, the wet and warm scenario produces larger baseflows than the baseline simulaiiehe
median and dry and hot climate change projections tend to produce less baseflow than the baseline
simulation(seeTable7-14, Table7-15, andTable7-16). The minimum amount of baseflow is produced
by the best management practice scenario.

The results for the Nizao basin are highly variable combination scenarigroduces more water yield,
baseflow,sediment load,and lower peaksThe conservation scenario produces the minimum sediment
load. An intermediate land use land cover scenario between the conservation and the combination
scenarios might produce more water yield and less sediment.
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Table 7-5. Mean annual water yield for sulbasins 5, 7and 8 in the Nizao basin for all LULC and climate change projections modeled. Units are cms.

Dry and Hot Climate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_a2_rur ipsl_cm4_a2 runl cnrm_cm3_a2 runl 2046 mri_cgcm2_3 2a k mri_cgecm2_3 2a bl run!
Historical| 2_2081 2100 _2081_2100 _2065 1 run5_2081 2100 _2046_2065
5 2003 745 246 304 674 852 858
5 BAU 315 700 882
5 BMP 310 693 874
5 CONS 328 701 875
5 DEV 316 705 888
5 MIX 435 951 1184
ccecma_cgem3_a2_rur ipsl_cm4_a2 runl cnrm_cm3_a2 runl 2046 mri_cgcm2_3 2a k mri_cgcm2_3 2a bl runf
Historical| 2 2081 2100 _2081_2100 _2065 1 run5_ 2081 2100 _2046_2065
7 2003 3720 1355 1611 3374 4236 4245
7 BAU 1654 3470 4356
7 BMP 1595 3390 4271
7 CONS 1572 3189 3983
7 DEV 1656 3497 4395
7 MIX 2425 5035 6225
cccma_cgem3_a2_rur ipsl_cm4_a2_runl| cnrm_cm3_a2_runl_2046 mri_cgcm2_3_2a k mri_cgcm2_3 2a_bl_run!
Historical| 2_2081_2100 _2081_2100 _2065 1 run5_2081_2100 _2046_2065
8 2003 703 248 299 641 804 810
8 BAU 304 659 826
8 BMP 303 659 825
8 CONS 322 667 829
8 DEV 331 728 929
8 MIX 378 827 1033
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Table7-6. Mean annual water yield for subasins 10, 12, and 14 in the Nizao basin for all LULC and climate change projections modeled. Units are cms.

Dry and Hot Climate Zone ‘ Median Wet and WarnClimate Zone
cccma_cgem3_a2_run; ipsl_cm4_a2_runl_2# cnrm_cm3_a2_run mri_cgcm2_3 2a k mri_cgcm2_3 2a bl run!
Historical ~2081_2100 81 2100 1 2046_2065 1 run5_2081_ 2100 _2046_2065
10 2003 1227 468 550 1126 1400 1406
10 BAU 554 1145 1427
10 BMP 547 1136 1415
10 CONS 578 1151 1414
10 DEV 588 1251 1591
10 MIX 710 1532 1908
cccma_cgcm3_a2_run; ipsl_cm4_a2_run1_2ﬂ cnrm_cm3_a2_run mri_cgcm2_3 2a k mri_cgcm2_3 2a bl run!
Historical ~2081_2100 81 2100 1 2046_2065 1 run5 2081 2100 2046 2065
12 2003 754 301 351 691 852 850
12 BAU 362 708 871
12 BMP 354 694 857
12 CONS 319 596 734
12 DEV 354 738 935
12 MIX 493 995 1221
cccma_cgem3_a2_run: ipsl_cm4_a2_run1_2# cnrm_cm3_a2_run mri_cgcm2_3 2a_k mri_cgcm2_3_2a bl run!
Historical _2081_2100 81_2100 1_2046_2065 1_run5_2081_2100 _2046_2065
14 2003 106 41 48 98 123 123
14 BAU 48 100 126
14 BMP 47 96 122
14 CONS 49 98 122
14 DEV 49 106 138
14 MIX 72 160 203
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Table7-7. Mean annual water yield for sulpasin15 in the Nizao basin for all LULC and climate change projections modeled. Units are cms.

Dry and Hot Climate Zone ‘ Median Wet andWarm Climate Zone
cccma_cgem3_a2_rur ipsl_cm4 a2 runl cnrm_cm3_ a2 runl 2046 2z mri_cgcm2_3 2a kt mri_cgcm2_3 2a bl run!
Historical | 2_2081_2100 _2081_2100 065 1 run5_2081_ 2100 _2046_ 2065
15 2003 436 85 127 380 527 526
15 BAU 168 461 627
15 BMP 135 412 574
15 CONS 149 412 565
15 DEV 180 499 678
15 MIX 239 619 818
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Table7-8. Annual peak flow in sufbasins 5,7, and 8 in the Nizao basin for all LULC and climate change projections modeled. Units are cms.

Dry and Hot Glate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_a2_run: ipsl_cm4_a2 ru| cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runt
Historical _2081_ 2100 nl_2081_2100 | 2046_2065 _2081_2100 _2046_2065
5 2003 100 58 94 128 123 109
5 BAU 98 129 121
5 BMP 98 129 122
5 CONS 96 110 108
5 DEV 98 129 121
5 MIX 86 107 97
cccma_cgem3_a2_run: ipsl_cm4_a2_ru| cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_runt mri_cgcm2_3_2a bl runf
Historical _2081_ 2100 nl_2081_2100 | 2046_2065 _2081_2100 _2046_2065
7 2003 466 247 414 595 588 525
7 BAU 425 597 584
7 BMP 434 607 588
7 CONS 406 506 499
7 DEV 424 598 585
7 MIX 354 465 441
cccma_cgem3_a2_run: ipsl_cm4_a2_ru| cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_runt mri_cgcm2_3_2a bl runf
Historical _2081_ 2100 nl_2081_2100 | 2046_2065 _2081_2100 _2046_2065
8 2003 94 52 86 120 116 104
8 BAU 89 121 116
8 BMP 90 122 116
8 CONS 90 105 103
8 DEV 62 102 115
8 MIX 84 108 99
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Table7-9. Annual peak flow in sulbasins 10, 12and 14 in the Nizao basin for all LULC and climate change projections modeled. Units are cms.

Dry and Hot Glate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_a2 ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical  run2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
10 2003 622 326 548 790 790 701
10 BAU 561 793 784
10 BMP 570 805 790
10 CONS 551 680 673
10 DEV 523 760 772
10 MIX 482 635 602
cccma_cgem3_a2 ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical  run2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
12 2003 711 373 626 902 901 799
12 BAU 641 905 894
12 BMP 649 917 901
12 CONS 618 768 764
12 DEV 586 858 878
12 MIX 540 711 678
cccma_cgem3_a?2 ipsl_cm4_a2_runl_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical  run2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
14 2003 725 378 635 919 920 815
14 BAU 651 922 914
14 BMP 659 934 921
14 CONS 630 784 780
14 DEV 593 871 895
14 MIX 548 723 691
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Table7-10. Annual peak flow in sutbasin 15 in the Nizao basin for all LULC and climate change projections modeled. Units are cms.

Dry and Hot Gthate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_a2 r ipsl_ cm4_a2 runl | cnrm_cm3_a2 runl mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical un2_2081 2100 2081_2100 _2046_2065 _2081_2100 _2046_2065
15 2003 805 408 695 1021 871 897
15 BAU 714 1026 1012
15 BMP 719 1038 882
15 CONS 706 867 869
15 DEV 646 965 842
15 MIX 608 817 770
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Table7-11. Mean annual sediment volume in subasins 5, 7, and 8 in the Nizao basin for all LULC and climate change projections modeled. Units are tons

Dry and Hot Glate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_ a2 r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical | n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
5 2003 5077 927 1623 4673 6321 6256
5 BAU 1673 4800 6532
5 BMP 1132 3241 4378
5 CONS 935 1835 2394
5 DEV 1566 4461 6047
5 MIX 27991 68895 93279
cccma_cgem3_a2_r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical | n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
7 2003 13009 2000 3645 12048 17021 16144
7 BAU 5143 14633 20024
7 BMP 2573 8203 11571
7 CONS 2793 6223 8538
7 DEV 5198 17435 22421
7 MIX 169080 477078 658976
cccma_cgem3_a2_r ipsl_cm4_a2_runl_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical| n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
8 2003 14741 2346 4231 13671 19820 18143
8 BAU 3484 11142 16132
8 BMP 3258 10415 15083
8 CONS 2943 5840 8083
8 DEV 5628 12524 15266
8 MIX 43577 121367 170728
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Table7-12. Mean annual sediment volume in sulbasins 10, 12, and 14 in the Nizaasin for all LULC and climate change projections modeled. Units are

tons.
Dry and Hot Gihate Zone Median Wet and Warm Climate Zone
cccma_cgem3_a2_rur ipsl_cm4_a2 run cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runf
Historical 2_2081_2100 1 2081 2100 2046_2065 _2081_2100 _2046_2065
10 2003 0 0 0 0 0 0
10 BAU 0 0 0
10 BMP 0 0 0
10 CONS 0 0 0
10 DEV 0 0 0
10 MIX 0 6748 24237
cccma_cgem3_a2_rur ipsl_cm4_a2_run cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_ bl runf mri_cgcm2_3 2a_bl_runf
Historical 2_2081_2100 1 2081 2100 2046_2065 _2081_2100 _2046_2065
12 2003 39141 4007 8933 36431 55904 49863
12 BAU 5390 22611 35108
12 BMP 4813 19720 30651
12 CONS 0 0 0
12 DEV 8412 13878 22277
12 MIX 42100 145811 214766
cccma_cgem3_a2_rur ipsl_cm4_a2_run cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_ bl runft mri_cgcm2_3 2a_bl_runt
Historical 2_2081_2100 1 2081 2100 2046_2065 _2081_2100 _2046_2065
14 2003 81 7 18 74 117 104
14 BAU 39 90 120
14 BMP 13 51 80
14 CONS 0 0 0
14 DEV 0 188 169
14 MIX 162 0 782
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Table7-13. Mean annual sediment volume in subasin 15 in the Nizao basin for all LUa@ climate change projections modeled. Units are tons

Dry and Hot Giate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_a2 ru ipsl_cm4_a2_run]+ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical | 2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
15 2003 4461 512 1047 4392 6142 5836
15 BAU 1682 1819 1596
15 BMP 233 579 806
15 CONS 0 0 0
15 DEV 4158 6313 4861
15 MIX 10918 8865 6425
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Table7-14. Mean annual baseflow for subasins 5,7, and 8 in the Nizao basin for all LULC and climate change projections modeled. Units are cms.

Dry and Hot Climate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_ a2 r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
5 2003 301 105 130 267 330 350
5 BAU 135 291 357
5 BMP 133 286 351
5 CONS 135 309 394
5 DEV 136 296 363
5 MIX 256 596 750
cccma_cgem3_a2_r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
7 2003 1629 605 732 1436 1786 1839
7 BAU 750 1500 1871
7 BMP 719 1446 1812
7 CONS 693 1475 1898
7 DEV 759 1549 1939
7 MIX 1484 3286 4128
cccma_cgem3_a2_r ipsl_cm4_a2_runl_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
8 2003 299 115 137 268 328 344
8 BAU 140 284 349
8 BMP 139 283 346
8 CONS 139 294 373
8 DEV 187 439 562
8 MIX 209 475 601
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Table7-15. Mean annual baseflow for subasins 1012, and 14 in the Nizao basin for all LULC and climate change projections modeled. Units are cms.

Dry and Hot Climate Zone Median Wet and Warm Climate Zone
cccma_cgem3_a2_ ipsl_cm4_a2 runl _z cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run mri_cgcm2_3 2a bl run
Historical run2_2081_2100 081_2100 2046_2065 5 2081_2100 5_2046_2065
10 2003 2163 806 971 1912 2369 2441
10 BAU 991 1994 2483
10 BMP 957 1935 2414
10 CONS 937 1980 2536
10 DEV 1056 2265 2875
10 MIX 1861 4189 5277
cccma_cgem3_a2_ ipsl_cm4_a2 runl_z cnrm_cm3_a2_runl_ mri_cgcm2_3 2a bl run mri_cgcm2_3 2a_bl_run
Historical run2_2081_2100 081 2100 2046_2065 5 2081_2100 5 2046_2065
12 2003 2471 909 1102 2176 2703 2780
12 BAU 1130 2276 2837
12 BMP 1091 2207 2755
12 CONS 1056 2229 2861
12 DEV 1197 2634 3374
12 MIX 2118 4796 6047
cccma_cgem3_a2_ ipsl_cm4_a2 runl_z cnrm_cm3_a2_runl_ mri_cgcm2_3 2a bl run mri_cgcm2_3 2a_bl_run
Historical run2_2081_2100 081_2100 2046_2065 5 2081_2100 5 2046_2065
14 2003 2513 916 1114 2211 2750 2828
14 BAU 1142 2312 2886
14 BMP 1103 2240 2802
14 CONS 1069 2262 2908
14 DEV 1210 2683 3445
14 MIX 2149 4893 6177
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Table7-16. Mean annual baseflow for subasin 15 in the Nizao basin for all LULC and climate change projections modeled. Units are cms.

Dry and Hot Climate Zone ‘ Median Wet andWarm Climate Zone
cccma_cgem3_a2, ipsl_cm4_a2_runl_# cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runt
Historical run2_2081_2100 081 2100 2046_2065 _2081_2100 _2046_2065
15 2003 2076 562 761 1701 2323 2381
15 BAU 841 1845 2503
15 BMP 817 1788 2453
15 CONS 876 1926 2627
15 DEV 1003 2378 3216
15 MIX 1496 3755 5158
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7.4 Ozama Basin
7.4.1 Water Yield

For a given land use land cover scenario, the water yield increasemaritfa®s in precipitation For a

given climate change projection and across all land use land cover scenarios, the conservation scenario
produces the largest amount of water yielthe 2003 land use land cover produces the lowest water

yield for all the climate changerojections.

The results from the dry and hot climate change projection (ipsl_cm4_a2 runl 2081 2100)dod all
use land cover scenarios are always lower than the water yield from the baggtineerselythe wet

and warm climate change projectigmri_cgcm2_3 2a bl run5 2081 2100) for all land use land cover
scenarios produce more water yield than the baseliftee median climate change projection
(cnrm_cm3_a2_runl 2046 2065) produces mix results, some of them above and some below the
baseline water ¥ld. The results for all the runs are includedTiable7-17, Table7-18, Table7-19, and
Table7-20.

7.4.2 Peak Flow

For a given land use land cover scenario, the peak flow increaseamitbrease irprecipitation.
However, the difference in peak magnitude is significantacross all climate change projectioR®r a
given climate change projection both the conservation and the best management practice scenarios
produce the lowest peaks for most of the basins.

The results from the dry and hot climate change projectioal(gm4 a2 runl 2081 2100) for all land
use land cover scenarios are always lower than the peak flow from the baseline, excepbasguth2
Subbasin 12 is at the outlet of the Ozama basin and cmstéhe city of Santo Domingo. The urban land
type produces larger peaks due to the impervious area in the basin.

The wet and warm (mri_cgcm2_3 2a bl run5 2081 2100) and the median
(cnrm_cm3_a2 runl 2046 2065) climate change projections produce similar results to the baseline for
all subbasins, except for subasin 12 The resultdor all the runs are included ifiable7-21, Table7-22,
Table7-23, andTable7-24.

7.4.3 Sediment

For a given land use land cover scenario, the sedinoawtincreases from the dry and hot to the wet

and warm climate change projections for all land use land cover and alasiris, except for subasins

11 and 12Under the median and wet and warm climate change projections, the sediment transport
capacity in sulbasins 11 and 12 is not large enough to transport the total amount of sediment from the
upstream basinsThe outputsediment from these two basins is less than the upstream contribution.

For a given climate change projection, the sediment load from all land use land cover scenarios is larger
than that from the 2003 land use land cover scenaftoe conservation and tHgest management
practice scenarios produce the least amount of sediment for most of thébasims.

The land use land cover scenario that produttesmosterosion varies per subasin. However, t&
combination and development scenarios appear to prodineelargest sediment loadhost of the time

Except forafew cases, the sediment load for the baseline scenario tends to be lower than the load
produced under all climate change projections and all land use land cover scemagossults are
included inTable7-25, Table7-26, Table7-27, andTable7-28.
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7.4.4 Baseflow

For a gven land use land cover scenario the baseflow increases with inagggeecipitation.For a

given climate change projection, the conservation scenario produces the largest baSdfkwaseflow
for the baseline scenario tends to be larger than thedflasv estimated with the dry and hot climate
change projection and all land use land cover scenarios, except for the consesditario The
minimum baseflow is produced by the development and the 2003 LULC scenarios under all climate
change projectionsThebaseflow results arsummarizedn Table7-29, Table7-30, Table7-31, and
Table7-32.

The conservation land use land cover scenario is more favonatil@espect toredudions insediment,

peak flows and increasdnwater yield and baseflow under future climat&ediment is predicted to

increase with respect to the baseline simulation for all climate futures and land use land cover scenarios
for most of thesub-basins
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Table7-17. Mean annual water yield for subasins 12, and 3 in the Ozama basin for all climate change projections and land use land cover scenarios.

cccma_cgem3_a2_ |

ipsl_cm4_a2_run

cnrm_cm3_a2 runl_z

mri_cgcm2_3 2a bl runt

Dry and Hot Climate Zone Median Wet and Warm Climate Zone
cccma_cgem3_a2 1 ipsl._cm4_a2 run cnrm_cm3_a2 runl Zz mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runf
Historical un2_2081_2100 1 2081_2100 046_2065 ~2081_2100 _2046_2065
1 2003 2632 654 865 2274 3000 2969
1 BAU 1223 2968 3806
1 BMP 1229 3018 3860
1 CONS 1561 3685 4611
1 DEV 1172 2887 3702
1 MIX 1202 2957 3790

mri_cgcm2_3 2a bl runt

cccma_cgem3_a2_ |

ipsl_cm4_a2_run

cnrm_cm3_a2_runl_z

Historical un2_2081 2100 1 2081 2100 046_2065 2081_2100 _2046_2065
2 2003 772 176 238 666 887 879
2 BAU 366 923 1186
2 BMP 362 931 1195
2 CONS 381 935 1199
2 DEV 348 895 1151
2 MIX 351 903 1162

mri_cgcm2_3 2a_bl_runt

mri_cgcm2_3 2a_bl_runt

Historical un2 2081 2100 | 1 2081 2100  046_2065 _2081_2100 2046_2065
3 2003 1669 405 541 1444 1909 1890
3 BAU 781 1886 2410
3 BMP 739 1856 2382
3 CONS 772 1910 2445
3 DEV 712 1793 2303
3 MIX 733 1842 2367
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Table7-18. Mean annual water yield for sulbasins 45, and 6 in the Ozama basin for all climate change projections and land use land cover scenarios.

Dry and Hot Climate Zone Median Wet and Warm Climate Zone
cccma_cgem3_a2 1 ipsl_cm4_a2 runl| cnrm_cm3_a2 runl mri_cgcm2_3 2a bl run! mri_cgecm2_3 2a bl runf
Historical un2_2081 2100 _2081_2100 _2046_2065 _2081_2100 _2046_2065
4 2003 1079 285 373 933 1214 1203
4 BAU 472 1130 1435
4 BMP 474 1144 1447
4 CONS 545 1282 1608
4 DEV 459 1105 1405
4 MIX 464 1116 1419
cccma_cgem3_a2 r ipsl_cm4_a2 runl cnrm_cm3_ a2 runl mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl runf
Historical un2_ 2081 2100 _2081_2100 _2046_2065 _2081_2100 _2046_2065
5 2003 876 231 304 762 986 978
5 BAU 323 797 1023
5 BMP 329 814 1042
5 CONS 357 879 1121
5 DEV 317 787 1010
5 MIX 320 793 1020
cccma_cgem3_a2_r ipsl_cm4_a2_runl cnrm_cm3_a2_runl mri_cgecm2_3 2a_bl_run! mri_cgcm2_3_2a bl run!
Historical un2_2081_2100 _2081_2100 _2046_2065 _2081_2100 _2046_2065
6 2003 2510 661 869 2164 2812 2786
6 BAU 1205 2794 3515
6 BMP 1212 2836 3560
6 CONS 1410 3209 3974
6 DEV 1171 2730 3432
6 MIX 1209 2818 3539
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Table7-19. Mean annual water yield for subasins 78, and 9 in the Ozama basin for all climate change projections and land use land cover scenarios.

Dry and Hot Climate Zone ‘ Median ‘ Wet and Warm Climate Zone
Cccma_cgcmB_aZ_r# ipsl_cm4_a2 runl| cnrm_cm3_a2 runl_ | mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl runf
Historical n2_2081_ 2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
7 2003 1992 513 677 1726 2249 2229
7 BAU 768 1892 2439
7 BMP 763 1912 2461
7 CONS 780 1959 2514
7 DEV 744 1856 2396
7 MIX 754 1874 2420
cccma_cgem3_a2_ru ipsl_cm4_a2 runl| cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run
Historical n2_2081 2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
8 2003 6699 1541 2096 5779 7680 7605
8 BAU 2890 7227 9310
8 BMP 2785 7245 9379
8 CONS 2844 7433 9604
8 DEV 2644 6879 8928
8 MIX 2723 7072 9169
cccma_cgem3_a2_ru ipsl_cm4_a2_runl cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_ bl run! mri_cgcm2_3 2a_bl_runf
Historical n2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
9 2003 929 246 320 803 1048 1039
9 BAU 415 964 1228
9 BMP 404 967 1236
9 CONS 575 1309 1619
9 DEV 419 968 1228
9 MIX 444 1032 1303
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Table7-20. Mean annual water yield for subasins 10,11, and 12 in the Ozama basin for all climate change projections and land use land so#earios.

Dry and Hot Climate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_a2 r ipsl_cm4_a2 runl_ cnrm_cm3_a2 runl z mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl ru
Historical | un2_2081_2100 2081_2100 046_2065 _2081_2100 n5_2046_2065
10 2003 1673 422 552 1445 1905 1889
10 BAU 811 1908 2427
10 BMP 757 1883 2413
10 CONS 1011 2397 2997
10 DEV 809 1901 2412
10 MIX 836 1975 2502
ccecma_cgem3_a2 r ipsl_cm4_a2 runl_ cnrm_cm3_ a2 runl z mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl ru
Historical | un2_2081 2100 2081_2100 046_2065 _2081_2100 n5_ 2046 2065
11 2003 1129 379 439 999 1263 1252
11 BAU 540 1147 1392
11 BMP 479 1091 1370
11 CONS 628 1398 1735
11 DEV 560 1176 1411
11 MIX 565 1187 1425
cccma_cgem3_a2_r ipsl_cm4_a2_runl_ cnrm_cm3_a2_runl_z mri_cgcm2_3 2a_bl_runf mri_cgcm2_3 2a bl _ru
Historical | un2_2081_2100 2081_2100 046_2065 _2081_2100 n5_2046_2065
12 2003 5113 1425 1775 4451 5726 5652
12 BAU 2167 4890 5943
12 BMP 1953 4845 6177
12 CONS 2539 6005 7563
12 DEV 2184 4905 5967
12 MIX 2204 4961 6047
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Table7-21. Annual peak flow for sudbasins 1, 2and 3 in the Ozama basin for all climate change projections and land use land cover scenarios.

Dry and Hot Gthate Zone ‘ Median ‘ Wet and Warm Climate Zone
cccma_cgem3_a2 r ipsl_cm4_a2 runl cnrm_cm3_a2 runl | mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run
Historical | un2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
1 2003 334 235 312 350 376 359
1 BAU 265 321 333
1 BMP 263 319 331
1 CONS 231 291 294
1 DEV 267 321 335
1 MIX 265 322 335
cccma_cgem3_a2 r ipsl_cm4_a2 runl| cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl runf
Historical | un2_2081_ 2100 ~2081_2100 2046_2065 _2081_2100 _2046_2065
2 2003 108 76 100 115 122 109
2 BAU 84 103 106
2 BMP 83 102 106
2 CONS 87 105 108
2 DEV 85 103 106
2 MIX 87 104 108
cccma_cgem3_a2_r ipsl_cm4_a2_runl cnrm_cm3_a2_runl_| mri_cgcm2_3_2a bl run! mri_cgcm2_3 2a_ bl run!
Historical | un2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
3 2003 216 143 201 228 243 230
3 BAU 179 213 218
3 BMP 180 214 221
3 CONS 178 217 219
3 DEV 183 214 222
3 MIX 182 213 221
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Table7-22. Annual peak flow for sulbasins 4, 5and 6 in the Ozama basin for all climate change projections and land use land cover scenarios.

Dry and Hot Giate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_a2 n ipsl_cm4_a2 runl| cnrm_cm3_a2 runl mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl runf
Historical un2_2081 2100 _2081_2100 _2046_2065 _2081_2100 _2046_2065
4 2003 127 91 123 130 140 144
4 BAU 112 124 129
4 BMP 112 123 128
4 CONS 102 119 120
4 DEV 112 124 130
4 MIX 113 124 130
ccecma_cgem3_a2 r ipsl_cm4_a2 runl cnrm_cm3_a2 runl mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl runf
Historical un2_ 2081 2100 _2081_2100 _2046_2065 _2081_2100 _2046_2065
5 2003 541 367 500 567 607 587
5 BAU 431 517 540
5 BMP 429 516 538
5 CONS 405 502 503
5 DEV 434 519 542
5 MIX 433 520 542
cccma_cgem3_a2_ 1 ipsl_cm4_a2_runl cnrm_cm3_a2_runl mri_cgcm2_3 2a bl_run! mri_cgcm2_3_2a bl run!
Historical un2_2081_2100 _2081_2100 _2046_2065 _2081_2100 _2046_2065
6 2003 286 205 278 294 318 326
6 BAU 234 273 279
6 BMP 231 272 278
6 CONS 218 261 263
6 DEV 235 273 280
6 MIX 233 272 279
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Table7-23. Annual peak flow for sukbasins 7, 8and 9 in the Ozama basin for all climate change projections and land use land cover scenarios.

Dry and Hot Glate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_a2 r ipsl_cm4_a2 runl cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl runf
Historical | un2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
7 2003 541 362 492 572 608 578
7 BAU 448 534 554
7 BMP 447 535 555
7 CONS 476 556 571
7 DEV 451 537 557
7 MIX 450 534 556
cccma_cgem3_a2 r ipsl_cm4_a2 runl| cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl runf
Historical | un2_2081_ 2100 ~2081_2100 2046_2065 _2081_2100 _2046_2065
8 2003 788 491 661 852 896 804
8 BAU 588 779 794
8 BMP 565 781 803
8 CONS 656 827 853
8 DEV 584 791 815
8 MIX 579 789 811
cccma_cgem3_a2_r ipsl_cm4_a2_runl| cnrm_cm3_a2_runl_ mri_cgcm2_3_2a_ bl run! mri_cgcm2_3 2a_bl_run!
Historical | un2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
9 2003 112 82 110 116 126 126
9 BAU 101 110 116
9 BMP 99 109 115
9 CONS 75 93 95
9 DEV 102 110 116
9 MIX 96 108 112
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Table7-24. Annual peak flow for sulbasins 10, 11, 12 in th®zama basin for all climate change projections and land use land cover scenarios.

Median Wet and Warm Climate Zone

Dry and Hot Ginate Zone

cccma_cgem3_a2 r ipsl_cm4_a2 runl cnrm_cm3_a2 runl | mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run

Historical | un2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
10 2003 328 224 315 342 368 358
10 BAU 295 324 341
10 BMP 281 317 333
10 CONS 213 272 276
10 DEV 295 323 340
10 MIX 286 319 332

cccma_cgem3_a2 r ipsl_cm4_a2 runl| cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl runf

Historical | un2_2081_ 2100 ~2081_2100 2046_2065 _2081_2100 _2046_2065
11 2003 447 299 420 470 499 486
11 BAU 392 440 455
11 BMP 377 436 452
11 CONS 287 369 378
11 DEV 390 437 453
11 MIX 381 431 445

cccma_cgem3_a2_r ipsl_cm4_a2_runl cnrm_cm3_a2_runl_| mri_cgcm2_3_2a bl run! mri_cgcm2_3 2a_ bl run!

Historical | un2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
12 2003 1248 2044 1065 3231 3459 3254
12 BAU 2411 2961 3036
12 BMP 902 2975 3091
12 CONS 2423 3002 3057
12 DEV 2412 2980 3030
12 MIX 2389 2964 3013
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Table7-25. Mean annual sediment load fosub-basins 12, and 3 in the Ozama basin for climate change projections and all land use land cover scenarios.

Dry and Hot Glate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_ a2 r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
1 2003 182504 45926 63649 158481 220316 205667
1 BAU 233550 608357 833260
1 BMP 120858 313891 428528
1 CONS 18940 51819 69898
1 DEV 255658 658805 902432
1 MIX 137111 357632 487691
cccma_cgem3_a2_r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
2 2003 1917 411 707 1677 2434 2221
2 BAU 14856 33657 47458
2 BMP 8850 20276 28382
2 CONS 20691 54655 74947
2 DEV 17535 39558 55683
2 MIX 24997 60760 83914
cccma_cgem3_a2_r ipsl_cm4_a2_runl_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
3 2003 1665 370 847 1441 2203 1896
3 BAU 27834 58721 84001
3 BMP 15651 33348 47323
3 CONS 14887 31596 44855
3 DEV 31638 66765 94728
3 MIX 35277 80377 109593
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Table7-26. Mean annual sediment load for subasins 4,5 and 6 in the Ozama basin for climate change projections and all land use land cover scenarios.

Dry and Hot Ginate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_ a2 r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
4 2003 19537 5383 7551 17083 23357 21772
4 BAU 42610 80128 109815
4 BMP 24925 46950 63840
4 CONS 10799 16456 21899
4 DEV 49189 95146 129941
4 MIX 55436 118593 157876
cccma_cgem3_a2_r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
5 2003 314 0 438 253 620 369
5 BAU 12332 23473 33443
5 BMP 6182 12020 17087
5 CONS 5991 11111 15707
5 DEV 12744 24436 34790
5 MIX 12680 27557 37889
cccma_cgem3_a2_r ipsl_cm4_a2_runl_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
6 2003 37307 10497 13797 32151 43784 41747
6 BAU 161028 358465 489575
6 BMP 88502 198738 271511
6 CONS 27871 61493 83722
6 DEV 181932 405797 553750
6 MIX 104354 231987 313881
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Table7-27. Mean annual sediment load for subasins 78, and 9 in the Ozama basin for climate change projections and all land use land cover scenarios.

Dry and Hot Giate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_a2_ | ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical un2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
7 2003 2258 701 2724 2124 3644.28 2630
7 BAU 55937 93056 128126
7 BMP 28699 49381 64307
7 CONS 28940 51837 71487
7 DEV 54027 91896 127830
7 MIX 60012 126735 171836
cccma_cgem3_a2_| ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical un2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
8 2003 17436 4313 9762 15798 23618 20309
8 BAU 142439 254309 340012
8 BMP 61757 117118 160167
8 CONS 54051 108118 148896
8 DEV 130736 245220 335621
8 MIX 117121 251453 342376
cccma_cgem3_a2_| ipsl_cm4_a2_runl_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical un2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
9 2003 43143 11639 15907 37563 51392 48104
9 BAU 192204 454821 611770
9 BMP 90773 215915 290727
9 CONS 6491 15013 20118
9 DEV 201796 472639 633984
9 MIX 69844 153702 202105
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Table7-28. Mean annual sediment load for subasins 10, 11 and 12 in the Ozama basin for climate change projections and all land use land cover

scenarios.
Dry and Hot Glate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3 a2 r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
10 2003 53271 17734 24007 51326 66914 62606
10 BAU 303403 641137 845644
10 BMP 153643 318845 418168
10 CONS 42581 54339 58249
10 DEV 324249 676427 888371
10 MIX 162775 290549 362002
cccma_cgem3_a2_r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
11 2003 0 15019 17371 11740 0 0
11 BAU 0 0 0
11 BMP 3154 0 0
11 CONS 104665 111351 92581
11 DEV 0 0 0
11 MIX 46967 0 0
cccma_cgem3_a2_r ipsl_cm4_a2_runl_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
12 2003 6670 24144 34600 58991 45716 37130
12 BAU 79696 0 0
12 BMP 94606 67512 18814
12 CONS 99617 155196 168069
12 DEV 84716 0 0
12 MIX 151744 240322 223903
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Table7-29. Mean annual baseflow for sulbasins 12, and 3 in the Ozama basin for all climate change projections alhthe land use land cover scenarios.

Dry and Hot Climate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_ a2 r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical | n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
1 2003 879 202 270 735 974 959
1 BAU 761 1839 2359
1 BMP 782 1927 2465
1 CONS 1307 3117 3909
1 DEV 700 1733 2221
1 MIX 735 1811 2322
cccma_cgem3_a2_r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical | n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
2 2003 266 54 76 221 293 288
2 BAU 235 594 762
2 BMP 235 612 783
2 CONS 255 606 772
2 DEV 214 559 716
2 MIX 212 556 711
cccma_cgem3_a2_r ipsl_cm4_a2_runl_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical| n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
3 2003 659 177 231 559 726 725
3 BAU 529 1209 1519
3 BMP 485 1175 1486
3 CONS 530 1254 1587
3 DEV 447 1082 1369
3 MIX 470 1140 1446
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Table7-30. Mean annual baseflow fosub-basins 45, and 6 in the Ozama basin for all climate change projections and all the land use land cover scenarios.

Dry and Hot Climate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_ a2 r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
4 2003 332 81 109 279 364 367
BAU 243 587 739
4 BMP 253 620 773
4 CONS 378 885 1107
4 DEV 227 553 698
4 MIX 231 562 708
cccma_cgem3_a2_r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
5 2003 1581 354 487 1311 1747 1731
5 BAU 1147 2829 3642
5 BMP 1191 2980 3814
5 CONS 1853 4458 5611
5 DEV 1067 2679 3449
5 MIX 1110 2776 3576
cccma_cgem3_a2_r ipsl_cm4_a2_runl_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
6 2003 749 178 242 631 826 827
6 BAU 711 1659 2085
6 BMP 750 1767 2210
6 CONS 1088 2485 3070
6 DEV 668 1574 1976
6 MIX 723 1703 2134
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Table7-31. Mean annual baseflow for subasins 78, and 9 in the Ozama basin for all climate change projections and all the land use land cover scenarios.

Dry and Hot Climate Zone ‘ Median Wet and Warm ClimatZone
cccma_cgem3_ a2 r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
7 2003 1611 369 503 1336 1774 1767
7 BAU 1051 2578 3314
7 BMP 1032 2646 3400
7 CONS 1103 2735 3490
7 DEV 938 2399 3096
7 MIX 975 2484 3209
cccma_cgem3_a2_r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
8 2003 2944 600 854 2424 3312 3244
8 BAU 1571 4062 5315
8 BMP 1672 4466 5851
8 CONS 1697 4579 5980
8 DEV 1423 3845 5066
8 MIX 1532 4115 5411
cccma_cgem3_a2_r ipsl_cm4_a2_runl_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
9 2003 274 66 88 233 304 305
9 BAU 184 432 551
9 BMP 204 494 628
9 CONS 491 1138 1412
9 DEV 178 422 536
9 MIX 228 550 694
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Table7-32. Mean annual baseflow for sutbasins 10, 11 and 12 in the Ozama basin for all climate change projections and all the land use land cover

scenarios.
Dry and Hot Climate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3 a2 r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
10 2003 818 200 263 688 909 911
10 BAU 575 1383 1769
10 BMP 645 1602 2049
10 CONS 1351 3204 4005
10 DEV 555 1351 1722
10 MIX 650 1603 2038
cccma_cgem3_a2_r ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
11 2003 1166 287 371 975 1295 1300
11 BAU 740 1773 2269
11 BMP 809 2036 2622
11 CONS 1703 4093 5143
11 DEV 732 1762 2243
11 MIX 833 2031 2580
cccma_cgem3_a2_r ipsl_cm4_a2_runl_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical n2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
12 2003 8877 1803 2472 7059 9855 9982
12 BAU 3950 10511 14469
12 BMP 3892 10769 15425
12 CONS 4914 14959 20567
12 DEV 3826 10284 14236
12 MIX 4028 10927 15082
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7.5 Yaque del Norte Basin
7.5.1 Water Yield

For a given land use land cover the water yield increastsincrease of precipitation For a given
climate change scenario, the best management practice scenario produces the largest water yield
except for few case@.g. Sukbasin 5 in wet and warm climate zone, dodsin 8 and all climate zones)
Sometimes the @mbination scenario and the 2003 land use land cover produce more water yield for
the median and wet and warm climate change projectidrtee minimum water yield is produced by the
businessas-usual scenario for most of the sdiasins.

The dry and hot climte change projection (ipsl_cm4_a2 runl 2081 2100) produces less water yield
across all land use land cover scenarios than the basédlireewater yieldesultsare included inrable
7-33, Table7-34, Table7-35, andTable7-36.

7.5.2 Sediment

Thesediment productiorresults are highly variable in this badim general, the sediment load increases
with increassin precipitation. However, there are some sbasins where this trend does not hold for
some of the land use land cover scenarios (e.g-bagins 4, 12).

For a given climate change scenario, the best management practice scenario produces the least amount
of sediment.

There is not a single trend between the sediment load from the baseline scenario ahchale change
projections The baseline sediment load might be larger or lower than the other results depending on
the subbasin, the climate changaojection,and the land use land cover scenafte sedimentesults
are included infable7-37, Table7-38, Table7-39, andTable7-40.

7.5.3 Peak Flow

For a given land use land cover scenario, the peak flows are larger for the wet and warm climate change
projection (mri_cgcm2_3_2a b1 _run5) than for the dry and hot climate change projection

(ipsl_cm4_a2 runl_2081 2100). For all land use land cover scenarios the peak flows for the median
climate change projection (cnrm_cm3_a2_runl_2046_2065) tend to be larger than for the wet and
warm climate change projection.

The baseline peak flows are lom#an those for the median and wet and warm climate change
projections for all land use land cover scenarios. In addition, the baseline peak flows are similar in
magnitude to the peak flows from the dry and hot climate change projection

(ipsl_cm4_a2 runl2081 2100).

The largest peaks are produced under the busirssassual and development scenarios for all climate
change projections. The lowest peaks are not consistently produced by one land use land cover scenario.
The peak flow results are includedTable 7-41, Table7-42, Table7-43, andTable7-44.

7.5.4 Baseflow

For a given land use land @anscenario, the baseflow increases with incresisgrecipitation For a

given climate change model the combinatiand the best management practiseenarios tend to

produce the largest baseflow$he baseline baseflow is larger than the baseflow sitedlaith the dry

and hot climate change projection (ipsl_cm4_a2_runl_2081_2100) for all land use land cover scenarios
The baseline baseflow is similarmagnitudeto the baseflow simulated with the median and wet and

warm scenariosThe baseflowesultsare inTable7-45, Table7-46, Table7-47, andTable7-48.
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Overall, the best management practice scenario produces the largest wateayigloaséow and
lowest sediment loadThe lowest peaks are not consistently produced by a single land use land cover
scenario
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Table7-33. Mean annual water yield for sulbasins 14, and 5 in the Ygque del Norte basin for all climate change projections and land use land cover

scenarios.
Dry and Hot Climate Zone Median Wet and Warm Climate Zone
cccma_cgem3_a2 1 ipsl._cm4_a2 run cnrm_cm3_a2 runl z mri_cgcm2_3 2a bl runt mri_cgcm2_ 3 2a bl runf
Historical un2_2081 2100 1 2081 _2100 046_2065 _2081_2100 _2046_2065
1 2003 5708 1682 2455 5791 6224 6546
1 BAU 1922 4852 5083
1 BMP 2510 6002 6428
1 CONS 1955 4967 5234
1 DEV 2093 5046 5290
1 MIX 2345 5520 5831
cccma_cgem3_a2 r ipsl_cm4_a2 run  cnrm_cm3_a2 runl _z mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runf
Historical un2_2081_2100 1 2081_2100 046_2065 _2081_2100 _2046_2065
4 2003 6139 2360 3097 5849 6359 6321
4 BAU 3057 5403 5905
4 BMP 3280 5797 6329
4 CONS 3077 5455 5959
4 DEV 3113 5486 5996
4 MIX 3264 5768 6297
cccma_cgem3_a2_ 1 ipsl_cm4_a2_run | cnrm_cm3_a2_runl_Zz mri_cgcm2_3_2a bl runt mri_cgcm2_3 2a bl_runt
Historical un2_2081 2100 1 2081 2100 046_2065 _2081_2100 _2046_2065
5 2003 798 278 382 758 831 827
5 BAU 359 664 730
5 BMP 392 723 794
5 CONS 385 707 776
5 DEV 385 701 769
5 MIX 391 726 796
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Table7-34. Mean annual water yield for sutbasins 8, 12, and 13 in the Yaque del Norte basin for all climate change projections and land use land cover

scenarios.
Dry and Hot Climate Zone ‘ Median ‘ Wet and Warm Climate Zone
cccma_cgcms_az_ﬂ ipsl_cm4_a2 runl cnrm_cm3_a2 runl 2 mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runt
Historical un2_2081_2100 _2081_2100 046_2065 _2081_2100 _2046_2065
8 2003 1000 361 493 977 1073 1083
8 BAU 350 754 815
8 BMP 475 963 1054
8 CONS 377 799 865
8 DEV 350 755 817
8 MIX 412 860 936
cccma_cgem3_a2 r ipsl_cm4_a2 runl| cnrm_cm3_a2 runl 2 mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runf
Historical un2_2081 2100 _2081_2100 046_2065 _2081_2100 _2046_2065
12 2003 3217 1136 1553 3174 3487 3487
12 BAU 1699 3298 3528
12 BMP 2019 3899 4230
12 CONS 1729 3353 3591
12 DEV 1811 3431 3671
12 MIX 1966 3777 4078
cccma_cgem3_a2_r ipsl_cm4_a2 runl cnrm_cm3_a2_runl_Z mri_cgcm2_3_2a_ bl runt mri_cgcm2_3 2a bl _runf
Historical un2_2081_2100 _2081_2100 046_2065 ~2081_2100 _2046_2065
13 2003 232 46 72 227 256 260
13 BAU 89 219 229
13 BMP 131 295 320
13 CONS 102 241 254
13 DEV 90 222 231
13 MIX 115 267 285
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Table7-35. Mean annual water yield for suibasins 14, 21, and 23 in the Yaque del Norte basin for all climate change projections and land use land cover

scenarios.
Dry and Hot Climate Zone ‘ Median ‘ Wet andWarm Climate Zone
cccma_cgcmS_aZ_r# ipsl_cm4_a2 run| cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl runf
Historical | n2_2081_2100 1 2081 _2100 2046_2065 _2081_2100 _2046_2065
14 2003 214 66 91 220 243 249
14 BAU 108 247 252
14 BMP 144 319 348
14 CONS 112 256 262
14 DEV 108 249 254
14 MIX 144 315 339
cccma_cgcm3_a2_n+ ipsl_cm4_a2 run| cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run
Historical | n2_2081_2100 1 2081_2100 2046_2065 _2081_2100 _2046_2065
21 2003 8824 4049 4929 8424 9008 8873
21 BAU 5848 9663 10382
21 BMP 5944 9814 10543
21 CONS 5858 9680 10399
21 DEV 5849 9664 10383
21 MIX 5999 9897 10634
cccma_cgcms_az_r# ipsl_cm4_a2_run| cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3_2a bl run!
Historical | n2_2081_ 2100 1 2081 2100 2046_2065 ~2081_2100 _2046_2065
23 2003 35 10 16 38 41 43
23 BAU 16 36 33
23 BMP 25 55 59
23 CONS 16 37 34
23 DEV 16 36 33
23 MIX 18 40 38
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Table7-36. Mean annual water yield for suibasins 27 and 29 in the Yaque del Norte basin for all climate change projections and land use land cover

scenarios.
Dryand Hot Climate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgcmS_aZ_r# ipsl_cm4_a2 run cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl runf
Historical n2_2081_2100 1 2081 _2100 2046_2065 _2081_2100 _2046_2065
27 2003 10015 4515 5665 9660 10412 10264
27 BAU 6272 10528 11302
27 BMP 6524 11060 11892
27 CONS 6293 10568 11345
27 DEV 6349 10612 11387
27 MIX 6519 10980 11804
cccma_cgem3_a2_ru ipsl_cm4_a2 run| cnrm_cm3_a2 _runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl runf
Historical n2_2081_2100 1 2081_2100 2046_2065 _2081_2100 _2046_2065
29 2003 9603 4132 5337 9189 9919 9794
29 BAU 5438 9110 9767
29 BMP 6219 10575 11377
29 CONS 5553 9322 10000
29 DEV 5798 9324 9924
29 MIX 6394 10862 11683
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Table7-37. Mean annual sediment load in subasins 1, 4, 5 in the Yaque del Norte basin for all climate change projections and land use land cover

scenarios.
Dry and Hot Gthate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgcm3_a2_rur ipsl_cm4_a2_run]* cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runt
Historical | 2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
1 2003 163456 79090 101239 243862 249643 252681
1 BAU 118088 0 0
1 BMP 154317 100198 88776
1 CONS 92163 9641 21969
1 DEV 0 98093 159354
1 MIX 316427 222822 200953
cccma_cgem3_a2_rur ipsl_cm4_a2_run]* cnrm_cm3_a2_runl_ mri_cgcm2_3_2a bl runt mri_cgcm2_3 2a bl runt
Historical | 2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
4 2003 220031 85094 192906 342081 362582 261626
4 BAU 236088 939893 803451
4 BMP 83027 329019 279792
4 CONS 112077 450351 382878
4 DEV 215749 860494 735776
4 MIX 91925 333200 284082
cccma_cgem3_a2_rur ipsl_cm4_a2_run]* cnrm_cm3_a2_runl_ mri_cgcm2_3_2a bl runt mri_cgcm2_3 2a bl runt
Historical | 2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
5 2003 17007 5668 13065 28102 27909 20734
5 BAU 15142 71889 60409
5 BMP 6253 28866 24056
5 CONS 7018 32974 27775
5 DEV 11951 56540 47851
5 MIX 6068 28423 24007

124

“S< RIVERSIDE



MODELING THE EEH OF LULC AND @I CHANGES IN TRBROLOGIC RESPONSEHE BASINS

Table7-38. Mean annual sedimenload in subbasins 8, 12, and 13 in the Yaque del Norte basin for all climate change projections and land use land cover

scenarios.
Dry and Hot Ginate Zone Median Wet and Warm Climate Zone
cccma_cgem3_a?2| ipsl_cm4_a2 runl 2 cnrm_cm3_a2 runl_ mri_cgecm2_3 2a bl runt mri_cgcm2_3 2a bl runt
Historical run2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
8 2003 15858 1324 2171 18319 18821 17747
8 BAU 6861 49928 52069
8 BMP 1488 11680 11738
8 CONS 3215 23734 24542
8 DEV 6851 50218 51896
8 MIX 2286 18037 18088
cccma_cgem3_a2 ipsl_cm4_a2 runl_2 cnrm_cm3_a2_runl_ mri_cgcm2_3 2a bl runt mri_cgcm2_3_2a_ bl runt
Historical run2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
12 2003 7699 3495 32879 19236 35624 19049
12 BAU 42035 219230 220006
12 BMP 4431 17698 17436
12 CONS 19758 104773 105229
12 DEV 187435 173950 196745
12 MIX 13839 59948 59293
cccma_cgem3_a2 ipsl_cm4_a2 runl_2 cnrm_cm3_a2_runl_ mri_cgcm2_3 2a bl runt mri_cgcm2_3_2a_bl runt
Historical run2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
13 2003 464 87 1062 1393 1555 554
13 BAU 1442 12452 12655
13 BMP 303 1916 1990
13 CONS 701 5664 5651
13 DEV 1386 11875 12082
13 MIX 507 3740 3779
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Table7-39. Mean annual sediment load in subasins 14, 21, and 23 in the Yaque del Norte basin for all climate change projections and land use land cover

scenarios.
Dry and Hot Giiate Zone Median Wet and Warm Climate Zone
cccma_cgcm3_a2+ ipsl_cm4_a2 runl cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runf
Historical| run2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
14 2003 419 108 0 881 0 498
14 BAU 2680 19758 24760
14 BMP 285 1185 1462
14 CONS 1317 9208 11392
14 DEV 2679 19725 24780
14 MIX 616 3773 4727
cccma_cgcm3_a2+ ipsl_cm4_a2_runl cnrm_cm3_a2_runl_ mri_cgcm2_3_2a bl runt mri_cgcm2_3 2a bl runt
Historical| run2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
21 2003 24091 16190 215279 52533 187272 51980
21 BAU 19743 67263 66147
21 BMP 4740 11197 11489
21 CONS 10170 32356 31971
21 DEV 19484 66362 65159
21 MIX 5035 13154 13356
cccma_cgcm3_a2+ ipsl_cm4_a2_runl cnrm_cm3_a2_runl_ mri_cgcm2_3_2a bl runt mri_cgcm2_3 2a bl runt
Historical| run2_2081_2100 _2081_2100 2046_2065 _2081_2100 _2046_2065
23 2003 134 0 0 0 0 73
23 BAU 1159 4516 6073
23 BMP 160 455 531
23 CONS 333 2034 2702
23 DEV 1015 4465 6032
23 MIX 1053 2705 3041
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Table7-40. Mean annual sediment load in subasins 27 and 29 in the Yaqgukel Norte basin for all climate change projections and land use land cover
scenarios.

Dry and Hot Ginate Zone
ipsl_ cm4_a2 r

Median

Wet and Warm Climate Zone

cccma_cgem3_a2 run: unl 2081 210 cnrm_cm3 a2 runl_ mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runf

Historical | 2081 2100 0 2046_2065 _2081_2100 _2046_2065
27 2003 78373 45033 246958 171078 286163 144030
27 BAU 180443 667843 668831
27 BMP 9559 27407 27583
27 CONS 85747 316874 316669
27 DEV 314266 611116 627583
27 MIX 44592 162822 163416
ipsl_cm4_a2 r
cccma_cgem3_a2_run: unl_2081 210 cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runf
Historical | 2081 2100 2046_2065 _2081_2100 _2046_2065
29 2003 381598 180050 408551 436746 595408 421922
29 BAU 749777 2411033 2455913
29 BMP 143658 451080 461898
29 CONS 341539 1102013 1121143
29 DEV 2536989 644114 908364
29 MIX 104346 335659 342796
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Table 7-41. Annual pealflow for sub-basins 14, and 5 in the Yaque del Norte basin for all climate change projections and land use land cover scenarios.

Dry and Hot Gthate Zone ‘

cccma_cgem3_a2 run

ipsl_cm4_a2_run1_2#

Median

Wet and Warm Climate Zone

cnrm_cm3_a2 runl z mri_cgcm2_3 2a bl ru mri_cgcm2_3 2a bl r

Historical _2081_2100 81_2100 046_2065 n5_2081_2100 un5_2046_2065
1 2003 | 2750 1057 1758 864 848 2625
1 BAU 831 4538 4058
1 BMP 2059 3438 3232
1 CONS 2456 4370 3928
1 DEV 2826 4751 4304
1 MIX 2135 3719 3438

cccma_cgem3_a2_run

ipsl_cm4_a2 runl 2
81 2100

cnrm_cm3_a2_runl 2

mri_cgcm2_3 2a bl ru

mri_cgcm2_3 2a bl r

Historical _2081_2100 046_2065 n5_2081 2100 un5_2046_2065
4 2003 378 179 258 546 474 261
4 BAU 386 755 623
4 BMP 330 648 547
4 CONS 381 743 615
4 DEV 394 754 624
4 MIX 336 669 560

cccma_cgem3_a2_run

ipsl_cm4_az_run1_2#

cnrm_cm3_a2_runl_z

mri_cgcm2_3 2a_bl_ru

mri_cgcm2_3 2a bl r

Historical _2081_2100 81_2100 046_2065 n5_2081_2100 un5_2046_2065
5 2003 47 20 30 74 59 31
5 BAU 51 112 88
5 BMP 44 96 77
5 CONS 49 103 82
5 DEV 57 116 91
5 MIX 43 97 77
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Table7-42. Annual peak flow forsub-basins 14, and 5 in the Yaque del Norte basin for all climate change projections and land use land cover scenarios.

Dry and Hot Glate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_a2_run{ ipsl_cm4_a2 runl| cnrm_cm3_a2 runl mri_cgcm2_3 2a bl ru mri_cgecm2_3 2a bl
Historical _2081_2100 _2081_2100 _2046_2065 n5_2081_2100 run5_2046_2065
8 2003 44 15 10 69 64 37
8 BAU 43 151 118
8 BMP 28 81 71
8 CONS 40 141 112
8 DEV 43 151 118
8 MIX 36 119 99
cccma_cgem3_a2_run] ipsl_cm4_a2 runl| cnrm_cm3_a2 runl mri_cgcm2_3 2a bl ru mri_cgcm2_3 2a bl |
Historical _2081_2100 ~2081_2100 _2046_2065 n5 2081 2100 run5_2046_2065
12 2003 116 45 47 181 166 86
12 BAU 170 402 361
12 BMP 114 215 215
12 CONS 164 390 351
12 DEV 200 401 369
12 MIX 137 294 275
cccma_cgem3_a2_run{ ipsl_cm4_a2 runl| cnrm_cm3_a2 runl mri_cgcm2_3 2a bl ru mri_cgecm2_3 2a bl
Historical _2081_2100 _2081_2100 _2046_2065 n5_2081_2100 run5_2046_2065
13 2003 2 1 2 3 5 2
13 BAU 9 33 32
13 BMP 6 14 15
13 CONS 8 29 28
13 DEV 8 32 31
13 MIX 7 22 21
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Table7-43. Annual peak flow foisub-basins 14, and 5 in the Yaque del Norte basin for all climate change projections and land use land cover scenarios.

Dry and Hot Ginate Zone Median Wet and Warm Climate Zone
cccma_cgem3_a2_run: ipsl_cm4 a2 runl_ cnrm_cm3_a2 runl 204 mri_cgcm2_3 2a bl r mri_cgcm2_3 2a bl
Historical| _2081_2100 2081_2100 6_2065 un5_2081_2100 run5_2046_2065
14 2003 294 158 232 428 734 207
14 BAU 296 447 433
14 BMP 277 400 396
14 CONS 294 443 429
14 DEV 296 447 433
14 MIX 266 390 386

cccma_cgem3_a2_run

ipsl_cm4_a2 runl_

cnrm_cm3_a2_runl_204

mri_cgcm2_3 2a bl r

mri_cgcm2_3 2a bl

Historical _2081_2100 2081_2100 6_2065 un5_2081_2100 run5_2046_2065
21 2003 288 156 227 418 727 202
21 BAU 284 418 406
21 BMP 269 388 383
21 CONS 283 415 403
21 DEV 284 418 406
21 MIX 257 372 369

cccma_cgem3_a2_run

ipsl_cm4_a2_runl_

cnrm_cm3_a2_runl_204

mri_cgcm2_3 2a bl r

mri_cgcm2_3 2a bl |

Historical _2081_ 2100 2081_2100 6_2065 un5_2081_2100 run5_2046_2065
23 2003 462 229 311 651 558 330
23 BAU 501 788 730
23 BMP 424 639 608
23 CONS 496 780 723
23 DEV 521 799 741
23 MIX 440 690 647
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Table7-44. Annual peak flow for sulbasins 14, and 5 in the Yaque del Norte basin for all climate change projections and land use land cover scenarios.

Dry and Hot Gthate Zone ‘

cccma_cgcmB_aZ_r#

Median Wet and Warm Climate Zone

ipsl_cm4_a2 runl cnrm_cm3_a2 runl z mri_cgcm2_3 2a bl mri_cgcm2_3 2a bl runf

Historical  n2_2081_2100 2081_2100 046_2065 _run5_2081_ 2100 _2046_2065
27 2003 460 229 310 650 555 328
27 BAU 497 779 721
27 BMP 422 636 605
27 CONS 493 771 715
27 DEV 517 790 732
27 MIX 437 682 640

cccma_cgem3_a2 r

cnrm_cm3_a2 _runl z mri_cgcm2_3 2a bl mri_cgcm2_3 2a bl run!

ipsl_cm4_a2 runl

Historical  n2_2081 2100 2081_2100 046_2065 _run5_2081 2100 _2046_2065
29 2003 521 276 365 726 640 353
29 BAU 664 988 723
29 BMP 455 686 661
29 CONS 630 942 860
29 DEV 840 1152 1071
29 MIX 410 629 611
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Table7-45. Mean annual baseflow for subasins 1, 4and 5 in the Yaque del Norte basin for all climate change projections and land use land cover

scenarios.
Dry and Hot Climate Zone Median Wet and Warm Climate Zone
cccma_cgcm3_a2+ ipsl_cm4_a2 runl 2 cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runf
Historical run2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
1 2003 25872 6409 9757 21604 25209 25922
1 BAU 8886 17832 21278
1 BMP 10430 22820 26664
1 CONS 9066 18549 22181
1 DEV 9265 18511 22196
1 MIX 10608 22618 27097
cccma_cgcm3_a2+ ipsl_cm4_a2 _runl_2 cnrm_cm3_a2 _runl_ mri_cgcm2_3 2a_bl_runt mri_cgcm2_3 2a bl run!
Historical run2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
4 2003 5312 1921 2602 4909 5477 5452
4 BAU 2423 3847 4513
4 BMP 2698 4448 5112
4 CONS 2472 3956 4624
4 DEV 2473 3945 4614
4 MIX 2656 4365 5030
cccma_cgcm3_a2+ ipsl_cm4_a2 runl_2 cnrm_cm3_a2 _runl_ mri_cgcm2_3 2a_bl_runt mri_cgcm2_3 2a bl run!
Historical run2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
5 2003 688 230 323 635 713 712
5 BAU 288 463 555
5 BMP 323 542 634
5 CONS 314 516 608
5 DEV 307 499 591
5 MIX 323 545 637
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Table7-46. Mean annual baseflow for subasins 8, 12and 13 in the Yaque del Norte basin for all climate change projections and land use land cover

scenarios.
Dry and Hot Climate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_a2 ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a bl run! mri_cgcm2_3 2a bl run!
Historical run2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
8 2003 880 292 415 844 947 957
8 BAU 271 571 657
8 BMP 396 823 924
8 CONS 298 621 711
8 DEV 272 572 658
8 MIX 333 697 790
cccma_cgem3_a2 ipsl_cm4_a2_run1_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical run2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
12 2003 2547 701 1075 2474 2764 2787
12 BAU 1159 2305 2546
12 BMP 1499 3107 3416
12 CONS 1196 2382 2628
12 DEV 1136 2251 2485
12 MIX 1427 2877 3171
cccma_cgem3_a2 ipsl_cm4_a2_runl_ﬁ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_run! mri_cgcm2_3 2a_ bl run!
Historical run2_2081_2100 081_2100 2046_2065 _2081_2100 _2046_2065
13 2003 212 32 56 204 233 238
13 BAU 71 182 192
13 BMP 112 268 291
13 CONS 85 206 220
13 DEV 72 185 196
13 MIX 97 235 253
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Table7-47. Mean annual baseflow for subasins 14, 21and 23 in the Yaque del Norte basin for all climate change projections and land use land cover

scenarios.
Dry and Hot Climate Zone Median Wet and WarnClimate Zone
cccma_cgcm3_a2+ ipsl_cm4_a2 runl_ cnrm_cm3 a2 runl_ mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runt
Historical run2_2081_ 2100 2081_2100 2046_2065 _2081_2100 _2046_2065
14 2003 7026 2864 3658 6595 7125 7049
14 BAU 4461 7636 8268
14 BMP 4601 7915 8573
14 CONS 4476 7665 8300
14 DEV 4462 7639 8271
14 MIX 4664 8015 8670
cccma_cgcm3_a2+ ipsl_cm4_a2 runl_ cnrm_cm3_a2_runl_ mri_cgcm2_3 2a_bl_runt mri_cgcm2_3 2a_bl_runf
Historical run2_2081_ 2100 2081_2100 2046_2065 _2081_2100 _2046_2065
21 2003 6869 2843 3614 6435 6944 6860
21 BAU 4403 7467 8095
21 BMP 4506 7661 8292
21 CONS 4414 7488 8117
21 DEV 4403 7469 8098
21 MIX 4570 7770 8404
cccma_cgcm3_a2+ ipsl_cm4_a2 runl_ cnrm_cm3_a2 runl_ mri_cgcm2_3 2a_bl_runt mri_cgcm2_3 2a_bl_runf
Historical run2_2081_ 2100 2081_2100 2046_2065 _2081_2100 _2046_2065
23 2003 7459 2948 3964 7053 7737 7640
23 BAU 4340 7316 8015
23 BMP 4662 8195 8946
23 CONS 4365 7378 8079
23 DEV 4311 7267 7953
23 MIX 4625 7970 8705
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Table7-48. Mean annual baseflow for subasins 27 and 29 in the Yaque del Norte basin for all climeitange projections and land use land cover

scenarios.
Dry and Hot Climate Zone ‘ Median Wet and Warm Climate Zone
cccma_cgem3_a2_runi ipsl_cm4_a2 runl| cnrm_cm3 a2 runl mri_cgcm2_3 2a bl runt mri_cgcm2_3 2a bl runt
Historical _2081_2100 _2081_2100 _2046_2065 _2081_2100 _2046_2065
27 2003 7439 2952 3963 7030 7711 7613
27 BAU 4341 7307 8008
27 BMP 4651 8157 8903
27 CONS 4365 7364 8067
27 DEV 4312 7258 7946
27 MIX 4624 7956 8692
cccma_cgem3_a2_runi ipsl_cm4_a2_runl cnrm_cm3_a2_runl mri_cgcm2_3_2a bl runt mri_cgcm2_3_2a_ bl runt
Historical _2081_2100 _2081_2100 _2046_2065 _2081_2100 _2046_2065
29 2003 7408 2853 3940 6926 7631 7554
29 BAU 3634 5541 6135
29 BMP 4626 7865 8599
29 CONS 3805 5903 6520
29 DEV 2626 4168 4586
29 MIX 4832 8262 9006
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7.6 Seasonal Results

The analysis of the historical climate data shows two precipitation seasons in the Haina, Nizao, Ozama
and Yaque del Norte basirsigure3-4). The wet season is from about April through November with

high precipitation in May and Septemb@ctober and the dry season from abddécember through

March The daily water yield and sediment load time series output from the SWAT models were

accumulated for these two seasons for each land use land cover scenario and climate change projection
run.

Riversidadevelopedfour spreadsheets wh the seasonal resulthese spreadsheets create dynamic

plots of sediment load and water yiel@lhe users can select the following information to create the

plots: reach number, land use land cover scenario and climate change projégfare7-6 shows an
example of the sediment load in reach 3 of the Haina basin for all land use land cover scenarios, three
climate change projections and both seasatihe dry season in blue and the wet season in fidds plot
shows that more sediment is produced during the dry season than during the wet season in this sub
basin The opposite results are obtained in sbisin 1(Figure7-7) for most of the climate change

models and land use land cover scenarios.
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Figure7-6. Seasonal variation of sediment load neach 3 of the Haina basin for the dry and wet seasons.
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Figure7-7. Seasonal variation of sediment load in reach 1 of the Haina basin for the dry and wet seasons.

The seasonal analysis of the climate change projectbogvs that all projections do not follow the

same seasonal pattern. Some of them hin@easedprecipitation amounts from November through
March while others predidncreasedorecipitation almost yar round. A very interesting result is that

the climate change projection for the dry and hot climate zone (ipsl_cm4_a2_runl_ 2081 2100) always
produces more sediment for the dry season while the other two projections produce similar results.

The relatimship between the occurrence of the events, the moisture condition of the basins and the
stage of the crops will affect the hydrologic and sediment respond of the basinghaSuis 1 and 3
have different predominant land uses. Sodisin 1 has more cro@sid less forest than subasin 3.
Therefore, more sediment can be generated from the crop lands irbasm 1 when the occurrence of
the largest flow peaks coincidavith the end of the cropseasons.

The following worksheets are included in the spreagh with the seasonal results:

Sediment_Chart: contains the dynamic graph with the seasonal sediment load data
Water_Yield_Chart: contains the dynamic graph with the seasonal water yield data
Sediment_Pivot_Table: contains the data filtered in the sedingeaph.

Water_Yield_Pivot_Table: contains the data filtered in the water yield graph.

Sediment_Data: contains all sediment data. This worksheet is protected and cannot be edited.
Water_Yield_Data: contains all water yield data. This worksheet is protaadannot be edited.

To change the plots, select the plot, go to the Analyze tab and bring up the PivotCharfkgliee{-8).
This filter contais three drop down menusselect under these menus the results for which the user

137 % RIVERSIDE



MODELING THE EeH OF LULC AND @M CHANGES IN TRBROLOGIC RESPONSEHE BASINS

wants to generate a ploLULC contains a list of all land use land cover scenarios modiekéeach
menu contains a list of the reaches and the Climate Model menu cortteerisst of the climate change
projections.

PivotChart Filter Pane v

Active Fields on the PivotChart E

“ Report Filter

1 Axis Fields (Categories)

LULC [~
Reach
Climate Model

7 Legend Fields (Series)

|'I.-'a|ues |

[ - |

Figure7-8. PivotChart Filter use to select the seasonal water yield and sediment data
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8.0 Conclusions and Recommendations

The modeling exercisgarried out in this project demonstrates the complex processes indatvehe
hydrologic response of basins to changes in climate and land use land coverHgpesiuch water and
sediment is produced in a given basin is not a linear function of inpath basin has particular storage
characteristics that will depend on the soil drainage properties and the land cover type. The sequence
and frequency of rainfall eventss well as the seasonal variatialso impact the hydrologic response.

The climate chage projections do noall display a consistent seasonal pattern as the histobeskline
The timing of the occurrence of the precipitation events in relation to the moisture conditions of the
basins and the stage of the crop growth determines the amadisediment and water produced by the
basins.

The land use land cover scenarios that produce more water and less sediment are considered the best
scenarios to adapt to future climateBor the Haina basin, the conservation scenario produces the
lowestwater yield and baseflonBoth, the conservation and thkest management practice scenarios

tend to produce the least amount of sediment.

For the Nizao basin, the combination scenario produces more wateranelgheak flowsThe
conservation scenario prodas less sediment.

For the Ozama basin, the conservation scenario is more favonathleespectto redudion in sediment
load, peakflows,and increass inwater yield and baseflow under future climates.

For the Yaque del Norte basin, the best managemeanario tends to produce more water yiedtd
baseflowand less sediment for most of the sbhsins.

The results of this study provide guidance to plan for future climate and land use chBegéson
makers could interpret the results on a sbhsin levéto assess local problems in each basin.

The results of this study were somewhat limited by the availability of some data. In particular,

1 The precipitation data do not correlate well with the streamflow ddthe precipitation station
network in the bams is sparse and does not capture well the spatial variability of rainfall over
the basins.

1 There isalack of irrigation and regulation data within the basikis study could be extended
by including models for irrigation diversions, return flows, aggkrvoir regulationRegulation
modeling will allow water users to assess the impact of land use and climate change on water
availability at a specific time and point in the watershed.

1 There isalack of soil datalt is recommendedhat additionalthe sdl databe collectedn these
basins tamprovethe estimation ofparameters required by SWAT.
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APPENDIX A

Appendix A z List of Precipitation Stations and Results from the
Quality Control Task

List of Precipitation Stations

ELEV

NOMBRE SIGLABCODIGMAGENCY([LON [LAT |(M) |START_POEND_POR

Aerop. Las AméricagALA |78485 |ONAMET| -69.671 18.45 10 1/1/1960] 7/31/2012
Altamira ALT [24546 [ONAMET| -70.8 19.6 422 6/1/1950( 7/31/2012
Aerop. La Uni6n ALU (78457 [ONAMET| -70.5Q 19.7§ 89 5/1/1977| 12/31/2011
Azua AZU |21595 [ONAMET| -70.73 18.42 34| 1/1/1931 7/31/2012
Bani BAN |21436 |ONAMET| -70.3§ 18.31 118 1/1/1936] 7/31/2012
Bayaguana BAY (78473 |ONAMET| -69.60 18.73 52| 8/1/1938] 7/31/2012
Bonao BON (23499 |ONAMET| -70.44 18.97 199 1/1/1939| 7/31/2012]
Cevicos CEV |23309 |ONAMET| -69.99 19.03 108 9/1/1938| 4/30/2002
Constanza CON 22584 [ONAMET| -70.74 18.84 1723 1/1/1931| 7/31/2012
Cotui COT |23423 |ONAMET| -70.14 19.04 76| 1/1/1938 7/31/2012
Dajabon DAJ |24714 |ONAMET| -71.74 19.59 28] 1/1/1945| 12/31/2003
El Seibo ESE (22251 |ONAMET| -69.0§ 18.7§ 99 4/1/1945| 7/31/2012
Aerop. de Herrera |HER [78484 |ONAMET| -69.99 18.47 46| 8/8/1983] 2/21/2006
Hato Mayor HMA 22255 |ONAMET| -69.24 18.74 87| 7/1/1934| 7/31/2012
Imbert IMB |24557 |ONAMET| -70.84 19.73 18§ 1/1/1939| 12/31/2003
Jarabacoa JAR 23523 |[ONAMET| -70.64 19.14 581 1/1/1931] 7/31/2012
La Vega LAV 23551 |ONAMET| -70.58 19.24 133 9/1/1924] 7/31/2012
Los Llanos LLL 22239 |ONAMET| -69.51 18.63 40 4/1/1940| 7/31/2012

Las Matas de Farfan[LMF  |22759 [ONAMET| -71.53 18.84 522 1/1/1948] 7/31/2012
[ dzLJS NIKy LUP 24589 [ONAMET| -70.9q 19.88 16| 5/1/1950] 7/31/2012

La Victoria LVI 22346 |ONAMET| -69.90 18.64 23 7/1/1938] 7/31/2012
Mao MAO 24622 [ONAMET| -71.04 19.50 125 5/1/1939| 7/31/2012
Monte Cristi MCR 78451 [ONAMET| -71.64 19.85 17| 4/1/1933] 7/31/2012
Moca MOC (23591 |ONAMET| -70.54 19.41 189 1/1/1931] 7/31/2012]
azy OAXy MON 23693 [ONAMET| -71.14 19.40 350 1/1/1931] 7/31/2012
Monte Plata MPL 122365 |ONAMET| -69.79 18.8( 47]  7/1/1938| 7/31/2012
Peralta PER ONAMET| -70.79 18.59 699 1/1/1939| 12/31/2008

Padre las Casas PLC [22559 |ONAMET| -70.99 18.7§ 529 10/1/1938 7/31/2012]
Pepillo Salcedo PPS 24745 |ONAMET| -71.74 19.69 8| 8/1/1958| 3/31/1992

Rancho Arriba RAN [22449 |ONAMET| -70.49 18.74 1009 3/1/1939| 7/31/2012
wS & il dzNJ OAREY |23773 |ONAMET| -71.64 19.29 630 1/1/1939] 9/30/1998
Salcedo SAL (23489 |ONAMET| -70.41 19.39 204 1/1/1931] 7/31/2012
San Cristobal SCR ONAMET| -70.13 18.40 91| 8/1/1934] 7/31/2012

SabanadelaMar |SDM (78467 |ONAMET| -69.39 19.03 7] 111939 7/31/2012
San José de las MataSIM (23579 |ONAMET| -71.02 19.33 599 1/1/1931| 12/31/1997
San José de Ocoa [SJO (22510 |ONAMET| -70.52 1853 457] 1/1/1931| 7/31/2012
San Juan SJU 78470 [ONAMET| -71.21 18.80 411 1/1/1931 7/31/2012
Santiago SNT |[78460 [ONAMET| -70.74 19.44 159 1/1/1931| 7/31/2012
Santiago Rodriguez [SRO (24608 |ONAMET| -71.3§ 19.47 12§ 3/1/1938| 7/31/2012
Santo Domingo

(Central) STD (78486 |ONAMET| -69.84 18.4§ 29 1/1/1931] 7/31/2012
Villa Altagracia VIA 22443 |ONAMET| -70.2 18.69 425 8/1/1938] 7/31/2012
Villa Vasquez VIV |24659 |ONAMET| -71.41 19.7q4 1021 1/1/1939] 7/31/2012
Yamasa YAM (22460 |ONAMET| -70.01] 18.74 97| 7/1/1938] 7/31/2012
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ELEV

NOMBRE SIGLASCODIGQAGENCY([LON |LAT ((M) |[START POEND POR

Yasica YAS |24533 [ONAMET| -70.64 19.64 397 11/1/1948 7/31/2012
Don Miguel 010001{010001 |{INDRHI -71.68 19.50 84 10/1/1965 12/31/1988
Manabao 040001{040001 |INDRHI -70.79 19.08 943 11/16/1983 6/30/2006
Puente San Rafael [040008/040008 |INDRHI -71.04 19.59 59| 10/1/1968 6/30/1974
Boma 040017{040017 |[INDRHI -70.671 19.17 5211 6/1/1974 7/31/1979
Los Quemados 180001/180001 (INDRHI -70.44 18.89 282 6/1/1960| 6/30/2006
Tireo 183102/183102 (INDRHI -70.57 18.84 928 4/1/1981] 8/31/2006
Maimon 184001{184001 |INDRHI -70.29 18.90 130 3/1/1960| 8/31/1970
Abadesa Il 187002/187002 (INDRHI -69.93 19.02 100 3/1/1960| 8/31/1998
Excavacion 311001/311001 |INDRHI -69.41 18.63 38 8/1/1972] 11/30/2002
El Cerro 331101{331101 |INDRHI -69.77 18.79 39 3/18/1960) 6/30/1988
Palmarejo 333001333001 |INDRHI -69.99 18.55 19| 10/1/1972] 6/30/1982
Higuero 333101/333101 [INDRHI -69.99 18.57 22| 4/1/1960( 8/31/2006
El Tablazo 360001{360001 |INDRHI -70.17 18.48 175 8/1/1960| 10/9/1970
La Estrechura 380001{380001 |INDRHI -70.48 18.73 891 3/1/1968| 2/28/1973
Palo de Caja 380002(380002 |INDRHI -70.38 18.5§ 557, 5/1/1974| 11/30/1999
Paso Del Ermitato |380003|380003 |INDRHI -70.27 18.43 351 4/1/1968| 11/11/1975
El Recodo 400001400001 |INDRHI -70.34 18.37 331 11/16/1979 8/31/2006
El Chorro 491301491301 |INDRHI -70.76 18.90 1157 11/16/1983 6/30/2006
Guazumal 493002493002 |INDRHI -71.26 18.91 494 7/1/1970| 8/31/1982
Jaquime 493904493904 |INDRHI -71.3Q 19.04 870 8/16/1982] 2/28/1998
Pozo Hondo 543101|543101 [INDRHI -71.49 1899 635 4/1/1972| 3/31/2006
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Flagged Precipitation Values and Actions Taken

Group |Flags Date Start [Date End |MM Notes

RES is at a higher elevation than all other stations in the group.
Precipitation amounts above 160 mm and 200 mm have been reportg
1 RES 9/28/1961 175other stations at other times. Do not set to missing

RES is at a higher elevation than all other stations in the group.
Precipitation amounts above 160 mm and 200 mm have been reportg

1 RES 11/29/1961 235other stations at other times. Do not set to missing
1 MCR 11/15/1963 194|Set to missing
2 LUP 5/16/1982) 320|Set to missing.

This is the largest precipitation amount in the group for all years.
However, this station is at a high elevation (600 m). 250 mm is not

3 SIM 4/12/1993 250unreasonable in DR. Do not set to missing
4 SAL 8/25/1988 225 Set to missing.
Do not set to missing. Even though the rain was much lower at other
5 JAR 6/18/1987| 105 stations the JAR is at a higher elevation.
Do not set to missing. Even though the rain was much lower at other
5 JAR 6/20/1987| 100 stations the JAR is at a higher elevation.
6,7 [SJU 4/11/1958 210/Set to missing

Only rainfall at SJU and PLC. It rained at PLC (a lower amount than i
However, similar values have been reported in SJU at other times. [

6,7 [SJU 7/12/2011 180 set to missing.
Only compared to SJU. However, it is the largest amount for the enti
6 493904 5/9/1987| 240 por for all stations. Set to missing
CON is at a very high elevation and at 15 and 30 miles from the othe
7 CON 2/5/1956 200 stations. Do not set to missing
7 PLC 6/18/1980) 90|Set to missing
9 SDM 3/27/1956]  3/28/1956 290 Set to missing
9 SDM 5/3/1965| 2759Set to missing
9 CEV 1/17/2000| 130 Set to missing
11  |MPL 3/18/1983 315 Set to missing
11 331101 3/22/1987 375Set to missing
14 |VIA 1/25/1950) 255 Set to missing
14 |VIA 3/14/1983 220|Set to missing
14 VIA 11/12/1994 11/15/1994 240 Set to missing
14 |RAN 10/28/2007] 10/31/2007] 170tropical storm Noel. Do not set to missing
Compared with surrounding stations PPS, RES, MCR, VIV and SRQ
15 |DAJ 6/16/1991] 287.9showed no significant precip. Set to missing
8 BON 1997 1998 Recorded 0's for monthly values set to missing

o

9 COT Dec All years Every month of December recorded as O precipitation set to missing

wSO2NRSR nda (KFd R2 y20 O2NNBJ

1,3 |SRO Sept and Oct 1980 0|missing

wSO2NRSR nua GKFG R2 y23i O2NNF4
1,3 |SRO March, April, August 1981 0|missing

wSO2NRSR nua GKFG R2 y23i O2NNF4
3 MON Jun-83 0|missing

Recorded 0's that do not correspond with surrounding stations after

4  [sAL Jan-81 O)YAaaay3ad LISNRA2RXaSGaGAay3a G2 YAaaa
5 040001 |Nov, Dec 1989 O|Recorded 0's set to missing
6 543101 Aug-91 Sep-94 +FfdzS38 aAIdYAFAOLyidte f26SN (KL

143 < RIVERSIDE



APPENDIX A

Precipitation stations removed from the MAP analysis

NOMBRE SIGLAS [CODIGO|AGENCYLON LAT ELEV (M)JSTART_PQOEND_POR|Reason to be removed from analysys
Hato Viejo 041001 [041001 [INDRHI -70.63 19.13 535 1/10/2001f 7/31/2006/POR not during MAP development
Pinalito 042101 [042101 |INDRHI -70.74 19.3( 344  6/1/1967| 3/31/2003High biases, Poor Monthly averages
Ranchito (Macasia), Poor correlation and
Ranchito 185002 (185002 |INDRHI -70.41 19.19 58  7/1/1970 7/31/2006|Monthly averages
Don Juan 330001 (330001 [INDRHI -69.95 18.82 48] 3/22/1960 8/31/1970Poor Monthly Charcts
Cacique 331001 (331001 [INDRHI -69.84 18.81 48  3/1/1960| 8/31/2006/Poor Monthly Charcts
Sabaneta 493001 [493001 |INDRHI -71.29 18.99 596  5/1/1967| 5/31/1976/Poor Monthly Charcts
Pinar Quemado 040002 [INDRHI -70.67 19.09 11/1/1968 9/30/1972|Less than 5 years of data
Las Charcas 040004 |INDRHI -70.71 19.41 9/1/1967| 8/31/1970/Less than 5 years of data
Palo Verde 040010 [INDRHI -71.56 19.74 11/1/1968 7/31/1970/Less than 5 years of data
Sabana Iglesia 042002 [INDRHI -70.74 19.31 8/1/1967| 9/30/1970/Less than 5 years of data
Guanajuma 042201 [INDRHI -70.75 19.29 5/1/1967| 8/31/1970Less than 5 years of data
Inoa 043001 [INDRHI -70.94 19.35 8/1/1967| 8/31/1970Less than 5 years of data
Bulla 044001 [INDRHI -71.04 19.47 8/1/1967| 8/31/1970|Less than 5 years of data
Yasica 100003 |INDRHI -70.6d 19.64 5/1/1985| 3/31/1986|Less than 5 years of data
El Limon 180004 |[INDRHI -69.87 19.15 1/1/1986| 12/31/1988 Less than 5 years of data
Los Cacaos 383001 [INDRHI -70.3( 18.53 8/1/1967| 7/31/1970Less than 5 years of data
Carrizal 462001 |INDRHI -70.82 18.54 7/1/1967| 12/31/197]|Less than 5 years of data
Arroyo Limon 440001 |INDRHI -70.51 18.49 No data available
Bayacanes 185001 |INDRHI -70.59 19.23 No data available
Blanco 183001 |INDRHI -70.52 18.84 No data available
Bocaina 380011 [INDRHI -70.44 18.69 No data available
Caobal 340002 [INDRHI -70.15 18.59 No data available
El Aguaca 490011 |INDRHI -71.02 18.84 No data available
El Corte 540001 [INDRHI -71.63 19.14 No data available
La Cruz 200001 [INDRHI -69.40 19.04 No data available
La Espenza 020001 [INDRHI -71.55 19.54 No data available
Los Brazos 100002 |INDRHI -70.43 19.64 No data available
Los Corozos 340004 [INDRHI -70.12 18.57 No data available
Los Platanos 180007 |INDRHI -70.23 18.99 No data available
Los Valencios 493008 |INDRHI -71.29 19.08 No data available
Los Velasquitos 040018 [INDRHI -70.64 19.21 No data available
Paso de Lima 493006 |INDRHI -71.30 19.03 No data available
Piedra los Veganos 180011 |INDRHI -70.47 18.87 No data available
Rancho Arriba 380004 [INDRHi -70.47 18.77 No data available
Rincon 045001 |[INDRHI -71.39 19.53 No data available
Rinconl 185201 |INDRHI -70.41 19.11 No data available
Alto Bandera ALB 22572 ONAMET] -70.59 18.84 No data available
BRnica BCA 23714 [ONAMET  -71.7d 19.07 No data available
Cimpa CIM ONAMET] -70.84 19.57 No data available
La Castilla LAC ONAMET  -70.6§ 18.94 No data available
La Cumbre de Santiago|LCS ONAMET  -70.6Q 19.57 No data available
Loma de Cabrera LDC ONAMET  -71.67 19.47 No data available
Manzanillo MAN ONAMET  -71.67 19.77 No data available
Valle Nuevo VNU ONAMET  -70.64 18.81 No data available
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Correction factors applied during PXPP/IDMA consistency analysis.

Station [Month|Year|Corr]Month|Year|Corr|Month|Year|Corr]Month [Year|Corr{Month|Year|Corr,
COT 1/1950 1.08 3/1969 0.71 91977 1

IMB 1/ 1950 0.87 10/1985 1

RAN 1/1950 1.09 9(1962 0.53 6| 1964 1.12 6|1974 1.73 4/1981 1
SCR 1/ 1950 0.87 91979 1

SJO 11950 0.8 12/ 1960 1.49 41979 1

SRO 1/ 1950 0.69 8[ 1955 0.92 41979 1

VIA 1/1950 1.18 8[ 1955 0.85 9| 1964 1.24 10/1980 1

YAM 1/195Q 1.29 9(1959 0.73 111968 1

180001 5/196( 1.23 10/1974 1

183102 4{1981| 1.59 51987 1

187002 21960 0.73 4{199§ 1

331001 3/ 196( 0.43 1111992 1

333101 31960 0.96 8[1964 1.46 611969 1
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Appendix B z List of Temperature Stations and Results from the
Quality Control Task

List of climate stations with temperature data

Name ID NumberAgency [LON LAT ELEV (m)TMAX |TMIN
Aerop. Las Américas |ALA 784850NAMET  -69.671 18.45 10[x

Altamira ALT 2454§0ONAMET  -70.84 19.66 422x X
Aerop. La Unién ALU 784570NAMET  -70.5( 19.76 89|x

Azua AZU 215950NAMET  -70.77 18.42 34x

Bani BAN 214360ONAMET  -70.34 18.31 118X
Bayaguana BAY 784730NAMET  -69.6( 18.73 52|x

Aerop. de Herrera HER 7848340ONAMET  -69.99 18.47 46|x X
Jarabacoa JAR 235230NAMET  -70.67 19.12 581)x X
Luperon LUP 245890ONAMET  -70.96 19.88 16|x X
La Victoria LVI 223460NAMET  -69.9(¢ 18.64 23Ix X
Monte Cristi MCR 784510NAMET -71.66 19.85 17|x X
Monte Plata MPL 223650NAMET  -69.79 18.80 47|x X
Pepillo Salcedo PPS 247430NAMET  -71.74 19.69 8[x X
Rancho Arriba RAN 224490NAMET  -70.49 18.74 1009 x X
wS &l dzNF OA XRES 237730NAMET  -71.67  19.29 630X X
San Cristobal SCR ONAMET -70.13 18.40 91)x X
San José de las Matas [SIJM 235790NAMET  -71.02 19.32 599 x X
San José de Ocoa SJO 225100ONAMET  -70.57 18.53 457|x X
San Juan SJU 7847Q0ONAMET -71.2] 18.80 411fx X
Santiago Rodriguez SRO 246040NAMET  -71.36 19.47 128/x X
Santo Domingo (Centra|5TD 7848§ONAMET  -69.84 18.48 29|

Villa Altagracia VIA 224430NAMET  -70.26 18.69 425 x X
Villa Vasquez VIV 24659O0NAMET  -71.41 19.77 102/x X
Yamasa YAM 2246QONAMET  -70.0] 18.76 97|x X
Yasica YAS 245330NAMET  -70.66 19.64 397x X
Dajabon DAJ ONAMET| -71.7 19.55 36|x
Engombe ENG_| 3401 INDRHI -70.002 18.45021 27|x X
Jarabacoa JAR | 401 INDRHI -70.639 19.13079 535 x X
La Antona LAN_I 408 INDRHI | -71.4029 19.63354 56|x X
Mata Grande MGR_| 411/INDRHI | -70.9876 19.20107 887x X
Medina MED _| 3402INDRHI | -70.144% 18.53523 157|x X
Nizao NIZ_| 3801 INDRHI -70.452 18.6149% 594 x X
Quinigua QUL 405INDRHI | -70.7737 19.52663 136/x X
Santiago Rodriguez SRO_| 407/INDRHI | -71.3362 19.47802 122/x X
Tavera TAV_| 402/INDRHI | -70.7181 19.28357 323x X
Valdesia VAL _| 3802INDRHI | -70.2806 18.4085¢ 156/x X
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Flagged temperature data

Station ID Time Period with Problem ‘ Note ‘
PPS 6/1/1960 | 6/29/1960 | 0'sset to missing
MCR 8/10/2009 99 set to missing
Questionable data when compared with
MCR which matches better for later recol
VIV pre 1957 (check in IDMA)
Drops below MCR which it is consistently
VIV Jun77 May-78 | above for all other periodélattens out)
DAJ Aug04 Jan05 | Erratic flat lining, high values in Oct
Questionable data when compared with
MCR and VIV which matches better for
PPS pre Aug 1960 later record (check in IDMA)
Flattens out, does not match pattern of
SRO Feb63 Oct63 | other stations or previous years.
SRO Jan48 Too high
Flattens out, does not match pattern of
RES pre 1964 other stations or later years.
ALU Oct10 Now10 | low, set to missing
YAS Pre 1965 Looks Questionable (check in IDMA)
SJO pre 1960 LooksBad (check in IDMA)
VIA pre 1963 Looks Bad (check in IDMA)
STD 11/16/1992 .31.8 set to 31.8
STD 11/25/1999 .31.5 setto 31.5
STD 9/1/2010 32..3 setto 32.3
ALA 11/12/2004 99.9 set to missing
BAY 12/20/1993 30..3 set to 30.3
BAY 8/4/2009 3 set to missing
BAY 9/1/1959 Now60 | Bad data, set to missing
MPL pre 1958 Low, set to missing
Does not drop below 30 post 1958,-un
YAM pre 7-1963 natural pattern
MCR 1/1/2007 TMAX lower than TMIN
PPS 4/26/1959 TMAX lower than TMIN
*PPS pre 1976 Unusual
SCR 12/24/1946 TMAX lower than TMIN
SIM 7/18/1993 TMAX lower than TMIN
SJO Juk59 Oct59 | Set to missing
SJO Nowv-64 Feb65 | Set to missing
SJO 3/1/1981 | 3/4/1981 | Set to missing
SJU Oct72 Apr-73 | Set to missing
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Station ID Time Period with Problem ‘ Note ‘
Jarabacoa 1/20/2007 98.2 set to missing

Tavera 71312007 52 set to missing

Mata_Grande Jan9l Apr-92 | low, set to missing

Jarabacoa post 2006 Questionable or bad but outside POR
Tavera post 2006 Questionable or bad but outside POR
Mata_Grande post 2006 Questionableor bad but outside POR
Quinigua Jan09 Outside of POR

Medina Apr-92 May-94 | low, set to missing

Medina post 2009 Bad but outside POR

Valdesia Now79 Feb80 | low, set to missing

Temperature correction factors

TMAX TMIN

Station Dates CF CF

MCR 11955 | 31965 -1.12 -1.12
PPS 6 1960 | 31981 0.54 0.54
VIV 1 1955 12 1970 -0.63 -0.63
VIV 12 1970 | 31976 -1.4 -1.4
LAN | 10 1967 | 11985 1.05 1.05
LUP 11955 | 71976 0.49 0.49
LUP 71976 | 81990 0.96 0.96
RES 91959 | 41964 -2.44 -2.44
SIM 11955 10 1963 1.76 1.76
JAR 101979 | 12 1982 -2.17 -2.17
SJuU 11955 | 41973 -1.91 -1.91
SJO 11955 12 1966 2.52 2.52
SCR 11955 | 61985 -0.67 -0.67
MPL 11955 | 21979 -0.52 -0.52
ALT 1 1955 11 1964 -1.22 -1.22
YAS 121967 | 111978 1.07 1.07
QUI 71971 | 31987 0.73 0.73
TAV 101976 | 11 1984 0.65 0.65
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APPENDIX C

Appendix Cz Stakeholder Meeting Digitized Map
Yague del Norte Basin:
Best ManagementPractice (BMP)

BMP (Scenario 2)

D Conservation

: Sustainable urbanization
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APPENDIX C

Conservation CONJ

Conservation (Scenario 3)
D Proposed Conservation Area

Other Criteria for Scenario 3:
Reforestation of slopes > 45%
Reforestation within 100 meter buffer area from main rivers
Reforestation of the additional protected area
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APPENDIX C

Development DEV:

Development (Scenario 4)

D Intensive agriculture

D Mining

D Planned dam project

D Potential Route for Proposed Highway
D Tourism

D Tourism, Industrial

D Tourism, Planned dam project
[ ] Urbanization

:’"-;?tf".,-“?‘ ot
~ Intensive agriculture

s
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Combination MIX):

Combination (Scenario 5)
D Agro-forestry

D Conservation in Upper Basin
E Intensive Agriculture

E Tourism, Industrial
X I l Urbanization
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NizacHainaOzama:
BMP BMP):
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