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MOTIVATION

� Land-atmosphere interactions play an important role in climate and are expected to be critical to understand its evolution as a consequence of

climate change. This is specifically important in arid and semiarid regions, where changes in soil moisture can potentially control

evapotranspiration (ET) and, therefore, convective precipitation regimes.

� The great extension of water-limited areas is one of the most important climatic characteristics of the Iberian Peninsula. Besides, an essential

difference is found between the coastal and the inland areas, since a maximum of rainfall takes place in spring all over inland Iberia. This

peak is, in many cases, higher than that of winter.

RESULTS
1. VALIDATION

A good agreement was found between simulations and observations and estimations from the AEMET (Spanish Meteorological Office). For

May 2002 to May 2009 (figure 2a) model simulations reproduce real observations properly. In contrast, for January 2002 to January 2009 (figure

2b), a systematic high bias is observed. This bias is related to the underestimation of AEMET precipitation in areas where it is topographically

enhanced, since stations are not usually placed in the most mountainous areas, where rainfall is the highest in winter. TRMM satellite data were

also used for validation on a day to day basis. The amount of rainfall is smaller for satellite with respect to simulations, but the general

simulated pattern distribution is good (figure 3).

Fig. 2. Evolution of mean monthly precipitation for the Iberian Peninsula: model results

(control) and AEMET interpolations for May (2a) and January (2b).

Fig. 3. Precipitation from 09Z January 30th 2009 to 12Z January 30th 2009 for both control simulation

and TRMM satellite data.

2. CONTROL SIMULATIONS AND EXPERIMENTS b)a)

INTRODUCTION

� In this work we employ WRF-ARW, a numerical weather prediction model, to investigate land-atmosphere coupling in the Iberian Peninsula

by computing the recycling ratio, r, together with an experimental recycling ratio, r*. Specifically, we want to test whether the maximum of

precipitation that takes place in May over inland Iberia is related to water recycling and the enhancement of land-atmosphere water fluxes in

spring. As a better approach to the problem, preliminary simulations were performed by coupling WRF-ARW with a complete hydrological model

that includes the water table dynamics (LEAF-HYDRO).
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peak is, in many cases, higher than that of winter.

The contribution of local evaporatranspiration to local rainfall is referred to as water recycling. It can be a measurement of the intensity of land-

atmosphere coupling. It indicates to what extend soil moisture dynamics controls the regional climate, and it is a way to explore the hydrological

resources of a geographic area.
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METHODS

� We used WRF-ARW model, version 3.0.1.1, taking a nested grid that covers the Iberian Peninsula, at 5 km horizontal resolution (we assume

convection is resolved). Parent grid (225x225 points at 20 km horizontal resolution) uses spectral nudging in order to avoid the distortion of the

2. CONTROL SIMULATIONS AND EXPERIMENTS

As expected, moisture availability in the upper soil

layer was found to be linked to precipitation in the

control simulations. In contrast, soil keeps drying

when infiltration is suppressed in the experiment,

mainly in spring when ET is stronger (figure 4).

Additional ET in the control simulation will lead to

more atmospheric instability and, therefore, more

convective precipitation. Fig. 4. a) Soil moisture and accumulated surface evapotranspiration in the centre of the Iberian Peninsula (lat=40, lon=-3)

for May 2008. b) Differences in equivalent potential temperature and CAPE for a selected event on May 22nd 2001. c)

Decrease in the amount of precipitation in the experiment with respect to the control run, as a result of the process.

b) c)a)

3. RECYCLING RATIO

We obtain a mean experimental recycling ratio (r*) of 6.8% for the ten months of May that were

simulated. This decreases to 3.5% in winter. Experimental and standard recycling ratio are

compared from May 2006 to May 2009 (figure 5). As expected, r* is confirmed to be a minimum

of recycling for such a synoptic scale. Experimental recycling ratio was also computed for several

smaller cells (figure 6). We obtain higher precipitation in May than in January for all the cells

except for the coastal ones which face zonal circulation (West and Nothwest cells). Therefore,

simulations reproduce the maximum of precipitation observed in May inland Iberia.

Fig. 5. r and r* (May 2006 to May 2009) Fig. 6. Mean r* and P (May 2000-2009, January 2000-2009)
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Fig. 7. Experimental recycling ratio exceeded 20% in the most

continental and arid areas (Northern Plateau, Southern Plateau,

Centre and Levante region) in May 2008, a month with a great

amount of convective precipitation.

4. WORK IN PROGRESS: COUPLED SIMULATIONS WITH WRF-HYDRO

Hypothesis : the maximum of precipitation is related to the enhancement of the hydrological cycle in spring:

Fig. 1. Average monthly precipitation for the period 1971-2000 for some representative coastal and inland cities: Lisboa, Guadalajara, Soria and Valencia.
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convection is resolved). Parent grid (225x225 points at 20 km horizontal resolution) uses spectral nudging in order to avoid the distortion of the

large-scale circulation caused by the interaction of the modelled flow with the lateral boundaries of the nested domain.

� Ten months of May (from May 2000 to May 2009) and ten months of January (from January 2000 to January 2009) were simulated, in order to

study seasonal recycling variations. For each month, two simulations were performed: a control one, where all land-atmosphere feedbacks

were taken into account, and the experiment, where infiltration of the precipitated water into the soil was suppressed. The recycling ratio was

computed for the Iberian Peninsula by using two different methods:
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� Budget of total water (1):

�Budget of water that originates

from within the box (2):

� Well mixed atmosphere(3):
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We calculate r* both for the whole Iberian

Peninsula and for several smaller boxes within.

P

4. WORK IN PROGRESS: COUPLED SIMULATIONS WITH WRF-HYDRO

� In the Iberian Peninsula, water recycling was found to be high precisely in many areas where the water table is shallow. A shallow water

table, through capillary fluxes, supplies the roots and the top soil with moisture enhancing ET, and increases soil moisture persistence. This

suggests that using a land-surface scheme that does include the water table and simulates the entire hydrological cycle may provide a more realistic

approach to study the interplay between soil moisture memory and spring precipitation.

� Experimental climatic simulations were conducted with WRF-HYDRO model, by coupling WRF-ARW with LEAF-HYDRO, a hydrological model that

contains the water table dynamics and enhances soil moisture memory and its effects on precipitation. Preliminary results emphasize the increase

of recycling in May with respect to January, when r* is found to be much closer to zero.

SUMMARY AND CONCLUSIONS

� We investigate here the intensity of land-atmosphere coupling by computing the recycling ratio, r, together with an experimental recycling ratio, r*,

which was found to be the highest in the driest areas of the Iberian Peninsula: the Northern and Southern Plateau, Centre and Levante region. This

suggests that the maximum of precipitation taking place in May inland Iberia is related to the enhancement of land-atmosphere water fluxes in

spring.

� The amount of recycled water is of the same order as variations in precipitation expected as a consequence of climate change in the Iberian

Peninsula. Therefore, a better understanding of land-air interactions in such a water-limited region is very relevant to asses the impact of future

climate change scenarios in the regional hydrological cycle.
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Fig. 8. a) Soil moisture on May 1st 2008 for wet and dry initial soil configurations used in preliminary leaf2 and freedrain simulations, respectively. b) Soil moisture at the end of the

simulated period for both leaf2 and freedrain simulations. c) Difference in the amount of precipitation between the leaf2 and the freedrain simulation.

a) b)

c)

alexandre
Nota adhesiva
Dimensons do poster: 140 (largo) x 90 (alto)


