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Introduction



Cuba 1s country that has been quite
vulnerable to hydrological extreme events.
Hydrological modeling in the region has
shown to bring important information for
decision makers.

Cuba 1s prone to an increase in number of
extreme events due to climate change.

El Cauto river basin is one of the biggest,
largest and most important in the country.
10% of the country lives in this region and it
1s iInundated every year.

THERE IS A NEED TO UNDERSTAND
THE HYDROLOGICAL CHANGES DUE TO
CLIMATE CHANGE



https://es.wikipedia.org/w/index.php?title=Guamo_Embarcadero&action=edit&redlink=1
https://es.wikipedia.org/wiki/Cuba
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v Area: 9540 Km?
v" Climate: HumidTropical
v Annual Rainfall: 1350

mim

v Type of basin:
Exoreic (drains to the sea)
v' Type of soils: Vertisols,
Pardos with carbonates

(Deep cracks in the dry

season)
v Landuse:
Agriculture Legend
Evergreen forests ¢ Hydrometic sation

A Rainfall station
—— Stream network

- Reservoirs
:l Cauto river basin




The objective of this study was to have a good model
representation such that results from climate models can be
used to assess water availability and extreme events

This first part of the CC research 1s dedicated to implement a
SWAT (Soil and Water Assessment Tool) model to simulate
the water resources in the Cauto River. We expect that this
preliminary results will aid the study of the current responses
of the basin to extremes as well as to provide a basis to
characterize the properties of the basin.



Methodology
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Meteorologieal Data GIS DATA Observed Data
Precipitation, DEM, Streamflow
Temperature, Lapd Use,

Wind Speed, Soil type
Solar Radiation,
Relative Humidity
|
2
Setup
SWAT%/[ODEL
- SWAT-CUP Model [ =
Auto-Calibration
Compare each
SUTT2 result
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Cuban Environment
Agency

Cuban Soils Institute
Cuban Soils Institute

Cuban Institute of
Meteorology and the
Enterprise Group for

Hydraulic

25 m

1:25000
1:25000

1996-2010



GIS inputs Data

I Forest mixed
Agriculture

N Past
Wetlands forest
Water

I Urban

a) Landuse

I Ferralic

I Ferrasols Litle evolc

I Ferritic M Vertisols
Fersic I Halomorphic

¥ Fluvisols M Hidromorphic

I Humic

10

N 1-3° . 20-30°

B 3-5° [ 30-45°
5-10° M >45°
10-15°

c) Slope



Calibration Points

La Fuente sub-basin and Las Coloradas sub-basin *

Fuente

& Rainfall station

+ Hydrometric station
Stream network
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Algorithm

SUFI2 (Abbaspour, et al., 2007) : Sequential Uncertainty Fitting the
parameter uncertainty accounts for all sources of uncertainties such as
uncertainty in driving variables (e.g., rainfall), conceptual model,
parameters, and measured data.

v' Sub-basins La Fuente and Las Coloradas
v' 3 runs, each 500 iterations

v’ Start with 17 parameters

v" Observed stream flow (m?3/s)

v Monthly time step



v' Latin Hypercube (LH) -One-factor-At-a-Time (OAT)

A parameter SA provides insights on which parameters contribute

most to the output variance due to input variability. In this study,we
performed an LH-OAT SA.

A ranking of parameter sensitivities was obtained after 300 model
runs. The 17 parameters with highest sensitivities were selected for

model calibration

Using the SA results calibrated parameters for hydrology



Calibration and Validation
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Model

Center
Grid size

Baseline

RegCM 4.3  gnmy"s
(0.44°X 0.44°)

Scenario
Country
Forced by
Variable

v" The model reproduces the spacial and seasonal
v Patterns of precipitation over the region.
v" Regional circulations are well reproduced

RegCM 4.3
Earth System Section. ICTP

50 Km X 50 Km
1970-2000

RCP 8.5
Cuba
HagGEM2-ES

Precipitation and Temperature




Results and discussion
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Model Performace

* Sensitivity analysis and auto-calibration:
| |iaFuente |iasColoradas |

Parameter Description Range Best Value Best Value

CN2 U.S. Soil Conservation Service curve number for -0.3-0.3 -0.17 -0.08

soil moisture condition IT

AN RN T Baseflow recession coefficient (days)
CAVAIINPEANE - Delay time for aquifer recharge

GWQMN Threshold water depth in the shallow aquifer for
base flow (mm)
CAV YN Groundwater “revap” coefficient

ESCO Soil evaporation compensation factor
CH_N2 Manning’s “n” value for the main channel

CH_K2 Effective hydraulic conductivity in main cannel
alluvium

AP RS PR SN Baseflow alpha factor for bank storage

SOL_AWC

Soil available water capacity

SOL_BD Moist bulk density
SOL_K Saturated hydraulic conductivity

) e

OV_N Manning’s “n” value for overland flow

ICE MBI Lateral flow travel time
ANV Threshold depth of water in the shallow aquifer

for revap (mm)

SURLAG Surface runoff

EPCO Plant uptake compensation factor



Model Performance

e Monthly calibration and validation (La Fuente)

a) Calibration

[— Observed ——-simulated Il Rainfall|

-~

IR
2004 2005

b)Validation

[—oObserved ——-simulated Il Rainfall|

R? PBIAS NSE R? PBIAS
0.67 -2.8% 0.85 0.86 9.3%

“Good” “Very Good”
(Moriasi et al., 2007)




Model Performance

e Monthly calibration and validation (Las Coloradas)

c) Calibration —Observed —— - Simulated [l Rainfall
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d) Validation

—— Observed ——-Simulated Il Rainfall

Sub-basin Calibration (2001-2006) Validation (2007-
2010)
R? PBIAS R?
Las Coloradas 0.71 -1.6%  0.63 0.75 -9.7%
“Good” “Good”

(Moriasi et al., 2007)
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Reg(CM 4.3 Model Validation
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Climate Change Scenario

@-RegCM 4.3(RCP8.5)

The future precipitation
showed general tendency of
decrease for summer,
Increase 1n winter
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 Based on the results SWAT model can be used for further
analysis of the effect of climate and land use changes on
hydrological processes.

e Present work should be considered as a first step in the
development of a larger model in which a calibration is
performed for multiple sites within the basin.



The SWAT model has been applied in two sub-basins the River Cauto basin
and it showed a general good performance.

The parameters obtained show to have a good representation for the upper
and middle region of the basin. We found that the U.S. Soil Conservation
Service curve number (CN2) was the most sensitive parameter, while the soll
evaporation compensation factor (ESCO) and available soil water capacity
(SOL_AWC) were also important.

Previous to this investigation did not have data of adjusted parameters that
allowed to simulate basins in conditions of this type in the country.

The annual change and season variation of hydrologic components due to
future temperature increase and precipitation changes should be evaluate
and incorporated into water resources planning and management in order to
promote more sustainable water demand and water availability for a stream
watershed of our country.
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