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Coi
e Parte 1: Impactos del cambio climatico:
— Balance hidrico e impactos en la vegetacion
e Parte 2: Flujos de carbono a escalas
continentales

— Cuantificacion de sumideros de carbono en
Amazonia

— En progreso...
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e Estudios locales sobre disponibilidad de agua

superficial y subterranea

e Simulaciones globales con resolucion pobre

(0.5°)
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e Cuales seran los impactos del cambio
climatico en el balance hidrico y la vegetacion
en Centroameérica?

e Herramienta

— Modelo para simular el balance
hidrico/vegetacién a escala regional



Impacts on water balance and
ecosystems

e Mapped Atmosphere Plant Soil
System (MAPSS) (Neilson 1995)
— Static biogeography model for

water balance and potential
vegetation

— Vegetation maximizes the Leaf
Area Index (LAI) according to
available moisture and energy

e Assessment of changes and
uncertainties on water balance
and vegetation LAI

— model calibration and validation

— Simulations for a range of emission
scenarios and climate models

e Why MAPSS?

Vegetation Water Balance

Precipitation

Interception
Evaporation / \} .

Infiltration

Surface
Runoff

Soil Layer 1

Soil Layer 2
Percolation

_ Base Flow Seil Layer 3

Fic. 1. Conceptual model of the water balance processes
incorporated in MAPSS. Neilson 1995 8/29



)

+A- le ~Ann A
Ldu 15 dllIU

e
!

—t
ct,
O

d

ec

n"\ o | a2YolalLl oF e ' ("
LUdldpdSe: SO P P

Table 1. Data sources for model input, calibration and validation.

Name Variable Resolution/Averaged time period ~ Source

Soils and Topograph

SRTM Elevation 30 arc seconds Jarvis et al. (2008)
Climatol

Leaf Area Index

Vegetation Cover

Global biomes Vegetation type 8 km/2006 Boston Universityd

9/29

Imbach et al. 2010
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e Runoff/Precipitation < 1, water bodies < 1%, record

length > 15yr

Selected catchments
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and of
catchments 500

[gray)

=]
x

Elevation (m.a.s.l.)

[Jutsa
[J1sa
[ Jo-250
[ 1251-500 Pacific Ocean
[1501-1000

[ 1001 - 1500

I 1501 - 2000

I 2001 - 2500

B 2501 - 3000

I 3001 - 4000 T

B 4001 - 5521 0 125 250 500 Kilometers

il

&

& ¢

«&"

‘%-

.,,é’
dg 1

Elevation (m.a.s.l.)

Caribbean Sea

‘%W

%a“;%
¢

Runoff database

Runoff
Country No. Time steps  Length of the Average
catchments  (smaller) period available®
Panama 84 Monthly Yes All
years
Costa Rica 128 Daily Yes Year
Nicaragua 33 Monthly Yes Year
Honduras 48 Monthly Yes Year
El Salvador Monthly Yes All
years
Guatemala 6 Monthly Yes Year
31 Monthly No All
Years
73 Year No All
Years
Mexico 603 Daily Yes Years

(12 southernmost states)

Imbach et al. 2010 HESS 10/29
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e Adjustment of default
model parameters

— Soil thickness
— Stomatal conductance

— Wilting point
* Validation
— Annual and monthly runoff

— Leaf Area Index (LAI) |

11/29
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vailiaation

Annual runoff for each catchment (N=138)

5000

Calibration:

y = 0.866x - 5.821

4000 N R2 = 0_884

Validation:

y =0.885x - 25.44 '

R?=0.804

3000 H All catchments:

y=0.875x-15.23
?=0.842

Modeled annual runoff (mm)

2000 3000 4000

Observed annual runoff (mm)

Table 4. Modelled runoff qualified by percentage of catchments in
each performance category for the LTSA dataset and, in parenthesis,
the TSA dataset.

Performance NS T WB
Very Good 2(2) 13(11) |J13(10)
Good 19(14)  22(18) 6(5)
Fair 25(22) 43(51) |29(22)
Poor 54(62)  22(20) |52(63)
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Long term
equilibrium...

e Calibrated and validated
model for Mesoamerica
— Annual water balance and
LAI
e How would this
equilibrium change
under a future climate?

e How would increased
CO, affect it?

Fig. 9. Annual runoff (a) and evapotranspiration (b) of Me?)amel
ica modelled by MAPSS. imbach et al. 2010 HEss 13/ 29
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Impacts of climat
 Magnitudes of change and its uncertainties

— 136 - AR4 future climate scenarios (48/B1,
52/A1B, 36/A2)

— Spread of variables across scenarios
— Likelihood of change (i.e. 20%) (IPCC 2005)
— Effect of CO, on waEELdgnighisﬂdiciency (WUE)
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Runoff

: All scenarios showed a decrease of at least 20%
: All scenarios showed an increase of at least 20%

: No scenario showed a change larger than 20% (either increase or decrease)

Evapotranspiration LA Life form
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Pn "\V'\A VA
\.—Uz alllu

Evidence of WUE
increase for plant or
plot experiments

Uncertain effects at
ecosystem scale for
tropical areas

Hypothesis: 35%
decrease in stomatal

conductance for
2xCO,
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Water balance: projections spread

Escorrentia Evapotranspiracion

0
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 Under a general drying trend in future
climate scenarios we found mixed
sensitivities from ecosystems and their water

balance

 Importance of accounting for vegetation
changes to simulate the impacts of changing
climate conditions on water balance

* Increased water use efficiency due to CO,
fertilization can reduce the impact on LAl but
not (as much) on runoff
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e Ecosistemas son un componente importante en el
balance global de carbono

e “Missing sink”: desbalance entre emisiones
(combustibles y CUT), remocion por los océanos y
las concentraciones atmosféricas. 1.840.8 PgCyr-!
(Houghton et al. 1998, McGuire et al. 2001)

 Regiones tropicales son importantes: ecosistemas
fueron sumideros durante los 90s
contrarrestando emisiones por deforestacion
(Schimel et al. 2001)
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8 mill. km?, mayor reservorio global de C-orgénico

Stock de biomasa y variaciones estacionales e inter-anuales
resultan del balance entre fotosintesis, respiracion,
descomposicion y quema de biomasa (Ometto et al. 2005)
Enfoques para cuantificar flujos:

— Biométricos

— Torres de flujo (eddy-flux covariance)

— Inversion atmosférica

Amazonia: desacuerdo entre los métodos

— Variaciones interanuales y estacionales (fuente o sumidero)

— Respuestas a disturbios recientes (sequias 2005/10) o de largo
plazo (+CO2)
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contributing measurements (courtesy of K, Masarie at NOAA-ESRL)

Aerotransportadas (Gatti et al. 2010)

Satélite (Chevallier et al. 2005)

Torres y «flasks»

1n

flujos

 Modelos de vegetacion (p.e. ORCHIDEE,
Krineer et al. 2005)

e (QOcéanos (Takahashi et al. 2001)

e Combustibles, incendios (p.e. EDGAR4)

Fossil fuel emissions
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Fig. 2 a Distribution of mean annual fossil fuel CO, emissions obtained from statistics on energy
consumption and spatial information on population density and anthropogenic activities (after
EDGAR FT2000 database). b Air-sea flux (after Takahashi et al. 1997). ¢ Land-atmosphere flux
of CO;7 in the peak of the northern hemisphere growing season during June-August (after Krinner
et al. 2005). d Same during the non-vegetative season in January-March
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e Hourdin y Armengaud 1999

* /6x92x19
Atmospheric component of the IPSL integrated climate

model LMDZ4

LMDZ 3D dynamical core

Finite difference formulation
conserving enstrophy and angular momentum

* AR5

Atmospheric
tracers

Single-
column

model
1D monitor for
academic or test cases| 4

Transport by winds
Finite volume

ethods

""Eammgpan
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oy

# Turbulent mixing
# Convective transpo

- radiation (Fouquart/Morcrette)
- boundary layer (LDM + options)

- - convection (Emanuel and Tiedtke)
- clouds (statistical scheme)
/ - orography (Lott)

Earth
Mars
Titan

Parametrized
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Uncertainty on observations £23 Uncertainty on model £23 Uncertainty on parameters (CO, fluxes)

Fig. 1 a Information flow in a forward atmospheric transport model with errors compared with the
available CO3 concentration observations, b Same for an atmospheric inversion model where an
optimal set of parameters (surface COs fluxes, x) is determined from the available concentration
observations within their errors. H represents the transport model used to simulate concentrations
everywhere in the atmosphere. @ is observation operator in which the modeled CO; distribution is
sampled at the time and location of the actual observations
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e «footprint» de las observaciones
* «monitoreo»
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Fig XX. Guyaflux monitoring to test for the original and
adjacent-inland LMDz buckets. Observations were
selected between 12 and 15 hr and wind speeds >
2m/s.
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Muchas gracias!
pimbach@catie.ac.cr
imbachpablo@gmail.com
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Downscaled climate scenarios

Validation of remotely sensed datasets with
global coverage in Mesoamerica

Evaluate transient trends by means of DGVMs (i.e
ORCHIDEE)

Historical runoff trends (Aguilar et al. 2005)

Land use/change combined with climate change
Impacts

Number of species by dispersal rate per
ecosystem

Vulnerability assessments and adaptation
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8 countries

60 million persons, 500k
km?, HDI (48 — 118)

Water access issues with| |

high resource availabili
(FAO 2003; UNEP 2010)

Biodiversity hotspot
(Myers et al. 2005)

Integration efforts

l\nf\(‘f\"\m
IVvicouUdadlll

0 500 1,000 Kilometers

|_I_I_I_|
335“9 s

e

]
v
|

C

d




500G
4000+ |
\/Aal:iA - (D /D) £ !
~ | ~tiAan £
vdadlilUdlIVIlIl \(4/ 4 e W
% |HIll
= b i
= e
3 2000+ } 0t
c .||.||,li||.) :
< " il
1000 ] ‘ IIII ‘I IlII
Wl ‘|I|l|||
. Ll 1‘ .||.1, " i
. 0wmqﬂvm—Dmmmhhmomv—c\mm—mmmmch-—mthﬂ\a\m
,-..w.-..\oecrnh.Nc\-:rchm.—ommwwc-—mmwh—wmmv—m.—wv—omﬂ
A RO ——ANAMMITN OO RO —MTILAOMDONMT O ®NM
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ NANANANCMNANMMM MM, om0

 Parameter uncertainty

Fig. 6. MAPSS model runoff uncertainty obtained by a Monte
Carlo-type approach (Latin Hypercube Sampling). For each catch-
ment, the black line shows the whole range of predicted values and

2000
2000 Cq .. .
. a b the box ranges within one standard deviation from the mean. Catch-
1500 4 . . e .
. i o0 c ments were ordered according to annual precipitation. (Horizontal
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Fig. 5. Residual distributions of annual runoff according to catchment annual precipitation (a), average elevation (b), percentage of natural
vegetation cover (c), and size (d). Each dot corresponds to the difference between MAPSS-modelled and observed annual runoff for each

catchment.

Fig. 8. Taylor plot with observed runoff (A) and modelled values
using FCLIM (B), CRUCL 2.0 (C), original MAPSS parameteriza-
tion (D), WorldClim (E), TCMF (F), TRMM (G), WindPPT (H),
and NS (I) datasets.
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Fig. 7. Two examples of contrasting seasonal catchment behaviour. according to the water storage term from Eq. (14): (a) a catchment
without significant storage term (San Juan. Panama). and (b) a catchment (Los Canones. Panama) with recharge during the rainy season
(July to November) and discharge later on. Rainfall (gray straight line). observed (black straight line) and modelled (black dashed line)
monthly runoff.
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Fig. 10. Modelled evapotranspiration-runoff ratio (E/R) along the
annual precipitation gradient across the Mesoamerican region. Each
point represents a 100 mm annual precipitation class. Bars show
standard error of each class.
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Canopy Transpiration

LAl is related to canopy transpiration rates : T T
. . . r =

that determine available soil water ¢ anf 7

. . : | '
Transpiration is a function of stomatal e | /
conductance and LAl s |/ -
Stomatal conductance decreases with soil £ ol f e
water potential and with increasing PET v

1
o 2 4 6 8 10 12

LAl equilibrium is estimated through LeatArea I (LA

H H H H H FiG. 2. Actual transpiration is plotted relative to pol ial
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- LALI for each of the three life-forms (A dix 1, Eq. 1.9).
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of the three life-forms.
water and
| h | Grass
Ight until a i 3
8 ! PET, 2 FiG. 3. Stomatal response functions for the three different
O| nt |S e PET,0 g life-forms as a function of soil water potential and potential
p — — PET 32~ evapotranspiration (PET). The response to PET is continuous,
500 c 2 but discrete levels are shown to indicate the unique sensitiv-
fo un d W h ere " PETw (3 E ities defined for each life-form. PET subscripts refer to month-
t =it ly PET in millimetres. The levels shown for each life-form
most Of th e - . © are representative of the range of PET values most frequently
. . i ] g experienced by each life-form. Soil water potential is ex-
SO|| water Is T TR ST ) pressed in megapascals.
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consumed (c) Soil Water Potential Neilson 1995
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Fig. 10. Modelled evapotranspiration-runoff ratio (£/R) along the
annual precipitation gradient across the Mesoamerican region. Each
point represents a 100 mm annual precipitation class. Bars show
standard error of each class.
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Figure 8. Percentage of area under different likelihoods of change in runoff and leaf area
index (LAI) in Mesoamerica in 2070-2099, depending on the threshold above which
changes are observed on simulations accounting for CO, effect on water use efficiency.
Low (B1) (left hand column a, b, ¢, d, e, and f) and high (A2) (right-hand column g, h. i, j,

Imbach et al., submitted JHM

k, and 1) emissions scenarios are presented. Area for each likelihood category is presented



Table 2. Modified parameter values from the original MAPSS configuration for calibration.

Parameter Original ~ Calibrated
Intermediate layer thickness (soil) (mm) 1000 3000
Deep layer thickness (soil) (mm) 1500 4600
Maximum conductance (tropical grass) (mm/s) 5.5 6.5
Wilting point (tropical grass and tree) (MPa) —1.5 -22
Transpiration constant (tropical grass, needleleaf) 4.25 6.25

Transpiration constant (tropical grass, broadleaf) 3.35 5.35
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