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Cambio Climatico

= Se define, como un cambio en el clima atribuido
directa o indirectamente a la actividad humana que
altera la composicion del sistema climatico global y
que se suma a la variabilidad natural observada
durante periodos comparables (IPCC, 1992).
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TEC Tecnoldgico
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El Sistema Climatico

= Cualquier intento de modelar/simular el
clima, debe fundamentarse en la resolucion del
balance energetico a nivel planetario.

= Debe ser capaz de reproducir las lineas base
de tiempo y debe ser lo suficientemente
confiable como para evaluar escenarios futuros
con una adecuada resolucion espacial y
temporal.

= Es un problema matematico basado en
sistemas de ecuaciones altamente complejas.

C
O
®)
O
-
R
4
0))
C
o
@)
C
)
(©
.
D
C
)
(@)
C
| —

ICO




TEC Tecnologico
de Costa Rica

El Sistema Climatico

= Se trata de resolver un balance continuo de
flujos.(energ/'a + masa + momentum)
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Tecnologico
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TEC

Cambio Climatico

Un tercio de la energia radiada desde el sol es reflejada
al espacio. El restante, lo toma la tierra quien la refleja
en forma de calor.

La mayor parte de esta radiacion es admitida por los
oceanos , la tierra y absorbida por la atmosfera,
incluyendo las nubes y es re-irradiada.

Al concentracion de los gases que generan el efecto
invernadero, la atmosfera retiene mas calor.
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Evidencias

= La principal autoridad cientifica sobre el
cambio climatico es el Grupo
Intergubernamental de Expertos sobre el
Cambio Climatico de la Naciones Unidas
(IPCC).

= "Warming of the climate system is
unequivocal, and since the 1950s, many
of the observed changes are
unprecedented over decades to millennia”
(AR5-IPCCQC).

= Sj las temperaturas aumentan mas de 2°C, los
efectos pueden ser irreversibles.
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Evidencias
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Evidencias
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Consecuencias

Fendmenos meteorologicos extremos, incluyendo
tormentas, inundaciones, sequias y olas de calor de
mayor intensidad que los historicos.

Perdidas de las capas glaciares y polares.

Aumento del nivel del mar.

Desplazamiento de poblaciones costeras.
Susceptibilidad de la infraestructura civil y productiva.

Impacto general sobre el ecosistema y pérdida de
biodiversidad.

Erosion de los suelos.

Menor rendimiento de cultivos.

Acidificacion de los océanos y lagos.
Disrupcion del Sistema Climatico Global.
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Modelos de Clima

Los modelos de clima juegan un papel
importante en la investigacion del sistema
climatico.

Mejoran nuestra capacidad para entender
los patrones del clima presente y pasado.

Proporcionan informacion cuantitativa sobre el
curso futuro.

General Circulation Models (GCMs) 250 km?2.
Regional Climate Models (RCMs) < 25 km2.
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Modelos de Clima

= Discretizacion
del dominio
(volumenes
finitos).

= Computational
fluid dynamics
(CFD). -

= Resolucion
espacial y
temporal.
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Modelos de Clima
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Forzamiento(RCPs)

Set of scenarios, the Representative Concentration
Pathways (RCPs), used for the new climate model
simulations carried out under the framework of the
Coupled Model Intercomparison Project Phase 5
(CMIP5) of the World Climate Research Programme.

Table 2 Overview of representative concentration pathways (RCPs)

Description®

Publication—IA Model

RCP8.5

RCP6

RCP4.5

RCP2.6

Rising radiative forcing pathway leading
to 8.5 W/m® (~1370 ppm CO, eq)
by 2100.

Stabilization without overshoot pathway
to 6 W/m? (~850 ppm CO, eq) at
stabilization after 2100

Stabilization without overshoot pathway to
4.5 W/m® (~650 ppm CO, eq) at
stabilization after 2100

Peak in radiative forcing at ~3 W/m®
(~490 ppm CO; eq) before 2100 and

then decline (the selected pathway
declines to 2.6 W/m? by 2100).

(Riahi et al. 2007)—MESSAGE

(Fujino et al. 2006; Hijioka et al. 2008)—AIM

(Clarke et al. 2007; Smith and Wigley 2006;
Wise et al. 2009 —GCAM

(Van Vuuren et al., 2007a; van Vuuren et al.
2006 —IMAGE

3 Approximate radiative forcing levels were defined as £5% of the stated level in W/m? relative to pre-industrial
levels. Radiative forcing values include the net effect of all anthropogenic GHGs and other forcing agents
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TEC Tecnoldgico
de Costa Rica

Forzamiento(RCPs)

La confianza en la utilizacion de modelos de clima
depende de una cuidadosa evaluacion del desempefio
del modelo, haciendo uso de bases de datos de
observacién y actividades de inter-comparaciéon de
modelos (CPTEC, Brazil).
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Forzamiento(RCPs)

= 14 GCMs, 58 simulaciones (BIAS).
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Escenarios CC Costa Rica

= Objetivo General: Contribuir a disminuir la incertidumbre
asociada al impacto del Cambio Climatico futuro sobre
cuencas hidroldgicas destinadas al abastecimiento de
agua potable en Costa Rica.

TEC

Tecnologico
de Costa Rica Met Office

Hadley Centre

-
20
Q
O
-
| -
-+
v
c
)
O
c
()
(©
-
A
c
)
(@)
c
-

UNIVERSITY
OF TWENTE.

ICO

Instituto Meteorologico Nacional R
Fundado en 1888 ACUEDUCTOS Y ALCANTARILLADOS
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CR-CC (AyA Aplicacion)

= Proyecciones-
Futuras, resolucion
mensual, 25x25
km.

= Precipitacion,
Temperatura, ETO.

= RCPs 26, 45, 85.

n 2011_2040’ 2041_ PACIFICO_CENTRAL T/
2070, 2071-2100.

= 6 Regiones
Climaticas CR,
estacionales DFJ,
MAM, JJA, SON.
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CR-CC (Dominio)
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CR-CC (Dominio)
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CR-CC (Modelos)

HadGEMZ2 GCM gridded, downscaled by HadRM3P
(MetOffice-ITCR) (0.22° x 0.22°).

GCMs gridded downscaled by RCA4 (CORDEX)
[HadGEM2, EARTH, MIROC, and CanESM2]
(0.44° x 0.44°).

Bias respecto de la linea base, asociada a: GCM-
RCM parameterizacion, estructura interna y
supuestos matematicos, RCPs.

Evaluacion de Bias-Correction-Methods.
Proyecciones futuras.
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CR-CC (Modelos)

= Climatologia Base Prec-Temp 1x1 km, (1951-1995)
(1961-1990), (1951-1980), (1981-1995).
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CR-CC (Modelos)
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CR-CC (Modelos)

= Climatologia Base Prec-Temp 1x1 km, (1951-1995)
(1961-1990), (1951-1980), (1981-1995).
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temperature over Costa Rica
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q) View forthcoming volumes accepted for publication. random forest (RF) and generalized additive model using splines (GAM) in generating
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m N Rss feed geostatistical methods; ordinary kriging (OK) and k;'iging with external drift (KED). The skill
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CR-CC (Modelos)
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Available online at www.sciencedirect.com - &s
Procedia
Engineering

www. elsevier. com/locate/ procedia

ScienceDirect

ELSEVIER Procadis Enginesring 00 (2016) 000000

12th International Conference on Hydrainformatics, HIC 2016

Development of the HBV-TEC hydrological model

M. Mendez®, L. Calvo-Valverde® *
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*Escuela de
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e dom, Bt

ico de Costa Rica, 139-7030, Cartage. Costa Rica
ico d¢ Costa Rica. 159-7030, Cartago, Costa Rica

Abstract

In this paper, the HBV-TEC hydrological model is p d. The develop of this model version, ams to
provide researchers and scholars with a stable and robust implementation of the HBV hydrological model based on
the R programmmg language. To evaluate its perfomu, the HBV-TEC model was applied to three
subcatchments of the Aguacalients river catch tal catch located in the province of Cartago,
Costa Rica. Results suggmauushcwypufommofhmoddfot two subcatchments and an unsatisfactory
pu'ﬂmmmceofﬂurmmgm);mostofwhchwuldbemibmudwumﬁug}mmmlogddzu
along with 2 highly | spatial ramfall-distrit

© 2016 The Authors. Publishad by Elsavier Ld.
Peerreview under raspons bility of the organizing committes of HIC 2016.

KEgwords: calibration; HBV-TEC; hydrological model; PEST; R; validation
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Assessing the performance of several rainfall interpolation methods
as evaluated by a conceptual hydrological model

M. Mendez®, L. Calvo-Valverde® *

“Escusia de ieria en C ion, butitute ico de Costa Rica, 159-7030, Cartago, Costa Rica
*Escusia de Ingenieria en Compuzacion, butitute gico de Costa Rica, 139-7050, Cartago, Costa Rica
Abstract
The objective of this study was to assess the performance of several rainfall mterpolation metheds as evaluated

a conceptual hydrological model. To this purpose, the upper Toro River catchment (43.15 km?) located m Costa
Rica was selected as case study. Determmistic and geostatistical mterpolation methods were selected to generate
time-seres of daily and hourly average ramfall over a period of 10 years (2001-2010). These tume-series were used
as mputs for the HBV-TEC hydrological model and were mdividually calibrated agamst observed streamflow data.
Based on model results, the performance of the determmistic methods can be sadmbecompard:!: wthatofﬂu
geosmm:d methods at daily ume-.lm However, at hourly time-steps,
d geostatistical

0 2016 Thn Authors. Published by Elsevier Ltd.
under ility of the iz ittea of HIC 2016.

1. Introduction

Hydrological models have become essential tools to study the response of hydrological systems to various natural
and anthropogenic forcings. Models are simplified description of a real world hydrological system and their level of
complexi tly depends on the model structure and the model obj uvs[l] Hydrolo ical models are maml
dz:slﬁed?ngetawg mam groups, physically-based and D mofdcs [2]. C gl odels ]m;
hydrological processes through smplified equations and lumped p that D spmally aged

* Coresponding suthor. Tel.: +506-2550-2425; fax: +506-2552-5333.
E-mail address: memendez@itr.ac.cx

1877-7058 & 2016 The Authors. Published by Flsevier Ltd
P jew under bty of th i i f HIC 2016

HBV-TEC; by s del; Kriging, PEST; R, rainfall inerpolation

1. Introduction

Hydmlogd models are nnpcutmt tnols in operational hydrology, water md lanng FM
models are frequently used. These models 1 l
mechnmn: govunmg the hydrohyul processes through smplified equations. For mmoe, lbey retypmlly less

* Comesponding suthor. Tel.:+506-2550-2425; fax: +506-2552-5333.
E-mail address: memendez@itr.ac.cr

1877-7058 © 2016 The Authors. Published by ElsevierLtd
Peerreview under responsibikity of the organizing committes of HIC 2016
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Table 27-2 | Regional projected changes in temperature, precipitation, and climate extremes in different sectors of Central America (CA) and South America (SA). Various studies
used A2 and B2 scenarios from Coupled Model Intercomparison Project Phase 3 (CMIP3) and various Representative Concentration Pathway (RCP) scenarios for CMIP5, and
different time slices from 2010 to 2100. To make results comparable, the CMIP3 and CMIP5 at the time slice ending in 2100 are included. Additional information on changes in
projected extremes can be found in the IPCC Special Report on Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation (SREX; see IPCC,

2012), and in IPCC WGI ARS Sections 9.5, 9.6, 14.2, and 14.7. (CDDs = consecutive dry days.)

Region Variable Reference Models and scenarios Projected changes

Central Leaf Area Index, evapotranspiration by Imbach et al. (2012) 23 CMIP3 models, A2 Evapotranspiration: +20%; Leaf Area Index:
America and | 2070-2099in CA —20% + 0.94 mm/day/58 years

glglr;ttfrl‘em Air temperature by 2075 and 2100 in CA Aguilar et al. (2009) 9 CMIP3 models, A2 +2.2°C by 2075; +3.3°C by 2100

America Kitoh et al. (2011); 20 km MRI-AGCM3.1S model, A1B | Rainfall decrease/increase of about =10%/+10%

Rainfall in CA and Venezuela, air temperature
in the region

Hall et al. (2013)

by 2079. Temperature increases of about +2.5°C
to +3.5°C by 2079

Precipitation and evaporation in most of the Nakaegawa et al. (2013b) 20 km MRI-AGCM3.1S model, A1B | Precipitation decrease of about -5 mm day~',
region. Soil moisture in most land areas in all evaporation increase of about +3 to +5 mm
seasons day"; soil moisture to decrease by =5 mm day~'
Rainfall in Nicaragua, Honduras, northern Campbell et al. (2011) PRECIS forced with HadAM3, A2 Rainfall: =25% to —50%, and +25% to +50%;

Colombia, and northern Venezuela; rainfall
in Costa Rica and Panama. Temperature in all
regions by 2071-2100

temperature: +3°C to +6°C

Precipitation and temperature in northern SA,
decrease in interior Venezuela, temperature
increases by 2071-2100

Marengo et al. (2011a)

Eta forced with HadCM3, A1B

Increases by +30% to +50%;
reductions by —=10% to —20%;
temperature: +4°C to +5°C

Precipitation and temperature by 2100 in CA Karmalkar et al. (2011) PRECIS forced with HadAM3, A2 Precipitation: =24% to —48%;
temperature: +4°C to +5°C
Warm nights, CDDs, and heavy precipitationin | Marengo et al. 20093, 2010) | PRECIS forced with HadAM3, A2 Increase of +12% to +18%, +15 to +25 days,

Venezuela by 2100

and reduction of 75 to 105 days

Air temperature and precipitation in CA by 2100

Giorgi and Diffenbaugh (2008)

23 CMIP3 models, A1B

Increase of +3°C to +5°C;
reduction of =10% to -30%

CDDs and heavy precipitation by 2099

Kamiguchi et al. (2006)

20 km MRI-AGCM3.1S model, A1B

Increase of +5 days, increase of +2% to +8%

Rainfall over Panama by 2099

Fabrega et al. (2013)

20 km MRI-AGCM3.15 model, A1B

Increase of +5%
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Abstract Central America has high biodiversity, it har-
bors high-value ecosystems and it's important to provide
regional climate change information to assist in adaptation
and mitigation work in the region. Here we study climate
change projections for Central Amenca and Mexico using
a regional climate model. The model evaluation shows its
success msnml.hung spltlll and temporal variability of

P and also in capluring regio-
ﬂdhﬂeﬁﬁmnﬁ-lhm-ﬂcwhnf
precipitation and the Caribbean low-level jet. A vanety of

the form of orographic precipitation show significant
decreases in precipitation in the dry season. Projected cli-
matic changes can have detrimental impacts on biodiver-
sity as they are spatially similar, but far greater in
magnitude, than those obscrved during the El Nifio events
in recent decades that adversely affected species in the
region.

keywords Regional climate change - Biodiversity -
Central America
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Fig. 7 Regional model domain divided into six regions using EOF
and cluster analyses on simulated mean annual SAT and PRCP data

30N

climate regimes within the model domain are also better 24°N
identified in the regional model simulation due to improved

resolution of topographic features. Although, the model 1 Introduction

suffers from large precipitation biases, it shows improve-

ments over the coarse-resolution driving model in simu-  The Mexii and Central A i land: has consid- [ IO'N

lating precipitation amounts. The model shows a dry bias
in the wet scason and a wet bias in the dry scason sug-
gesting that it's unable to capture the full range of pre-
cipitation variability. Projected warming under the A2
mlsbﬁnﬂmﬂ:wﬂumﬂmﬂminﬂtﬁy
mmlhlb:\'ucm?mmwll peri g highest

erable topographic relief, which implics the existence of
I-,’lhthn-;dﬁ:lcﬁw'ﬁl&:-ﬂ-
and wind. The inter-
actions between the complex topography of Central
America (CAM) and the climate patterns determined by the

A large in precipitati lnlhewa
mummdfwﬂnwmmmdcm
Amenica that receive a considerable amount of moisture in

wm:&umcﬂmﬂe-ﬂ
n—l, i and it These steep
cbmuﬂxu&fmnﬂwlhmmn;hpuhlw
resulted in remarkable biodiversity in the region. The CAM
region has been declared a biodiversity hotspot based on
the exi: of a large number of endemic species in the

A V. Karmalkar (32)) area and an exceptional loss of habitat in recent years .

School of Geography and the Enviroament, University (Myers et al. 2000). Spanning most of Central America, the Longitude

e Ly Roud. Owfae D4 SY8,UK biodiversity hotspot is home to lowland dry and montanc/ [meters]
Smalt et karmeliar o ot & cloud forests that host all subtropical and tropical ecosys-

R. S. Bradley tems from central Mexico to the Panama Canal. Mountain
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Published online: 29 May 2011

ccosystems and specics, ﬂiﬂvcﬁmﬂmﬂiwi con-
nnlnedby o

(Gnsu al. 2010; Parmesan 2006;
Walther et al. 2002). Although ecosystems have adapted to

£) Springer

Fig. 1 PRECIS RCM model domain and the elevation map. The area
between the outer rectangle and the inner rectangle is the buffer zone,
where the boundary conditions data interacts with the RCM data. The
model output for the area within the inner rectangle is included in the

analysis
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Fig. 16 Projected change in PRCP (colors, % change with respect to RCM.BL), MSLP (contours in mb) and 10 m winds (m/s). Percentage
change within £20% is not significant at the 95% significance level

29



TEC Tecnologico
de Costa Rica

CR-CC (Public.Ext)

Climate Change 2007

The Physical Science Basis

ion

The Intergovemnmental Panel on Climate Change (IPCC) was set up jointly by the World Meteorological Organization and the United
Nations Environment Programme to provide an authoritative i of scientific ng of climate change. The
IPCC’s periodic assessments of the causes, impacts and possible response strategies to climate change are the most comprehensive

and up-to-date reports available on the subject, and form the standard reference for all concerned with climate change in academia,
government and mdustry worldwide. Through three working groups, many hundreds of international experts assess climate change in this
Fourth Assessment Report. The Report consists of three main volumes under the umbrella title Climate Change 2007, all available from
Cambridge University Press:

Construcc

Climate Change 2007 - The Physical Science Basis
Contribution of Working Group I to the Fourth Assessment Report of the IPCC
(ISBN 978 0521 88009-1 Hardback; 978 0521 70596-7 Paperback)

Climate Change 2007 - Impacts, Adaptation and Vulnerability
Contribution of Working Group II to the Fourth Assessment Report of the IPCC
(978 0521 88010-7 Hardback; 978 0521 70597-4 Paperback)

Climate Change 2007 - Mitigation of Climate Change
Contribution of Working Group III to the Fourth Assessment Report of the IPCC
(978 0521 88011-4 Hardback; 978 0521 70598-1 Paperback)

N

ieria en

Ingen

Climate Change 2007 - The Physical Science Basis is the most comprehensive and up-to-date scientific assessment of past, present and
future climate change. The report provides:

» the most complete and quantitative assessment of how human activities are affecting the radiative energy balance in the
atmosphere

* amore of changes ob d throughout the climate system than ever before using the latest measurements
covering the atmosphere, land surface, oceans, and snow; ice and frozen ground

» a detailed assessment of past climate change and its causes

ICO

« the first probabilistic assessment of climate model simulations and projections using detailed atmosphere-ocean coupled models
from 18 modelling centres around the world
* a detailed assessment of climate change observations, modelling, and attnbution for every continent
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= The annual mean warming between 1980 to 1999
and 2080 to 2099 varies in the CAM region from 1.8
C to 5.0 C (Christensen et al. 2007).

= For Central America, 19 (out of 21) GCMs agree on
the direction of change in precipitation, predicting a
decrease in precipitation under the A1B scenario.
The full range of IPCC projections for the area range
from -48 to 9% change in mean precipitation with
half the models between -16 to -5% (Christensen et
al. 2007).
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a) Pdiff (rcp4.5) b) Pdiff (rcp8.5)

Observed (1970-1999) climate variability in Central
America using a high-resolution meteorological dataset
with implication to climate change studies
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Max. =172

Abstract High spatial molumn of precipitation (P) and lvenge air temperature (Tavg) 90. w 30. w
datasets are ideal for d the spatial p iated with large-scale atmospheric
and oceanic indexes, and climate change and vanability studies, however such datasets are not
usually available. Those d. icularly i for Central America because they
allow the conception of climate vamhllny and climate change studies in a region of high -200 -100 0 100 200 mm
climatic heterogeneity and at the same time aid the decisionmaking process at the local scale
(municipalities and districts). Tavg data from stations and ph y gridded d:

at 50 km resolution were used to generate a high-resolution (5 km grid) dataset for Central c) Tdiff (rcp4.5) d) Tdiff (rcp8.5)

America from 1970 to 1999. A highresolution P dataset was used along with the new Tavg
dataset to study climate variability and a climate change application. Consistently with
other studies, it was found that the 1970-1999 trends in P are generally non-significant, ~ <
with the exception of a few small locations. In the case of Tavg. there were significant
wamungnmdsmmoslanmn'alAme!mandonolmgnmdsm Honduras and northern
Panama. When the sea surface the Tropical Pacific and the
Tropical Atantic have different (same) sign, they are a good indicator of the sign of P (Tavg)
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This articke is pant of a Special Issuc on “Climate change impacts on i and

farmers in Central America™ edited by Camila I. Donatti and Lee Hannah.

Ehcm-k supplementary material The nnhmmofmsmlc(dmlo.lﬂmmtﬁmlo-l?%y)
contains supplementary matenal, which is available to
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*  Center for Rescarch in Marine Sciences and Limnology, University of Costa Rica, San Pedro 2060, Fig. 4 Difference between mid-century (2029-2049) climate change and bascline (1979-1999) scenarios for
Costa Rica annual total precipitation in mm (a, b) and age annual in °C (¢, d). For cach vanablc two
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the p = 0.05 level change in the mean. All changes in (¢) and (d) are significant at the p = 0.05 level
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Future changes in Central American
temperature and precipitation in an
ensemble of CORDEX regional
climate model simulations

C
O
®)
O
-
R
4
0))
C
o
@)
C
)
(O
.
D
C
)
(@)
C
| —

Grigory Nikulin, Ramon Fuentes Franco,
Erik Kjellstrom and Arun Rana

ICO

Swedish Meteorological and Hydrological Institute
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CENTRAL AMERICA RCA4 DOMAIN, 210x139, 0.44 deg, 50-km
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Aumento de resolucion espacial @ 0.11° x 0.11° (12 x
12 km) (RCA4, RegCM4).

Disminuir la incertidumbre (BIAS).

Super Optimizaciéon de HadGEM2 sobre la linea base.
Aplicacion de nuevos BC-Methods.

Aplicacion a nivel de Estaciones Puntuales.
Reconstruccion de registros de temperatura.
Compensacion curvas IDFs.
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