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Abstract

Meteorological models for numerical weather prediction or climate simulation
require a description of land surface exchange processes. The degree of complexity of
these land-surface parameterization schemes — or SVAT’s — that is necessary for accurate
model predictions, is yet unclear, Also, the calibration of these SVAT's for relatively
complex terrain, such as sparse canopies, is not completely resolved. This thesis pays
attention to the sensitivity of the atmospheric boundary layer to the parameterization of
surface exchange processes for a sparse canopy surface.

During two experimental campaigns carried out in a sparsely vegetated vineyard
surface in La Mancha, Spain, detailed measurements were collected, including the flux
densities of sensible, soil and latent heat, radiative fluxes, aerodynamic properties, and soil
and vegetation characteristics. These measurements were used for calibration and
validation of various SVAT-models and their components.

In a theoretical analysis the traditional treattnent of aerodynamic transport of heat
and moisture between a sparse canopy surface and the atmosphere was considered, and
compared by an alternative formulation based on Lagrangian diffusion theory. An analysis
of field observations was carried out to quantify the spatial and temporal variability of the
surface albedo of a sparsely vegetated surface. Furthermore, a model for the stomatal
conductance, based on the calculation of leaf photosynthesis and its relations with
stomatal water vapour transport, was tested and scaled-up to the canopy level.

Various existing SVAT's, designed for sparse canopies, were described and
compared to field measurements in a zero-dimensional mode, that is, with forcings
measured at reference height close above the surface. These models were all based on
different physical treatment of soil heat flux, aerodynamic exchange and canopy
resistance. None of the included models gave an optimumn description of the observed
fluxes, but a moedel could be constructed that combined the best parts of each of these
SVAT's.

In an additional model study, this new description has been coupled to a one-
dimensional planetary boundary-layer (PBL) model. Parts of the SVAT were replaced by
other components, and the impact on simulated PBL-dynamics has been evaluated. Large
effects are found when (a} the reference two-layer model was replaced with a single layer
('big leaf’) model, (b) soil heat flux was simulated with a resistance scheme rather than a
diffusion or force-restore scheme, and (c) the aerodynamic resistance between the
reference level and the bare soil was chosen too low. Since vegetation cover was small,
smaller effects resulted from an alteration of the canopy resistance formulation. Also, it
was found that the simulated entrainment of heat at the top of the boundary layer is low
compatred to entrainment ratios cited in literature.

Keywords: sparse canopy, surface fluxes, surface-PBL interaction, land-surface processes.



Dit boek draag ik op aan mijn vader
en mijn moeder

Voorwoord

Het eeuwige dilemma tussen ‘het perfecte levenswerk’ en ‘het is maar een
proefschrift’ is op het werk dat in dit boek beschreven staat zeker van toepassing. Het
onderwerp: modellering van land-oppervlak processen in meteorologische weer- en
klimaatmodellen. Het materiaal waar uit te putten is: een erg groot aantal bestaande land-
oppervlakmodetlen, met ieder een eigen gedachtengang, behoefte aan invoergegevens, en
mate van beschikbare documentatie en validaties. De opdracht: een vooral ‘eerlijke’
vergelijking tussen een aantal van die modellen uit te voeren met behulp van een zelf
verzamelde dataset. Het lijkt een overzichtelijke opgave, maar de waarheid is anders.

Nog helemaal niet van plan om te promoveren kreeg ik na mijn vervangende
diensttijd aan de vakgroep Meteorologie een aanstelling als EFEDA-projectmedewerker
{wordt in dit boekje verder uitgelegd). Een jaar daarvoor begon Anno van Dijken in het
kader van een promotie-baan moedig aan het uitvissen van de benodigde mate van detail
in land-oppervlakmodellen voor meteorologische toepassingen, en wisselde deze
onderzoeksopdracht in voor een baan bij MeteoConsult. Hij liet een portie denk- en
programmeerwerk achter waar ik dankbaar gebruik heb kunnen maken. Want, van Henk
de Bruin kreeg ik het verzoek het promotie-onderzoek af te ronden. Na wat aarzelen, en
wat passen en meten met betrekking tot een kleine bijstelling van de oorspronkelijke
onderzoeksvraag — zodat ik het werk wat ik voor EFEDA had gedaan grotendeels kon
gebruiken voor het proefschrift — heb ik deze baan aanvaard. Aan deze Henk de Bruin
dank ik niet alleen een slordige zes jaar betaald werk, maar bovendien een enorme
bijdrage in de vorm van morele steun, kritische en vaak zeer praktisch georienteerde
vragen, contact met een flink aantal vakmensen binnen en buiten de EFEDA-gemeenschap,
een gezonde dosis twijfels en een even grote dosis zelfvertrouwen, een muziek-
compagnon op diverse feestjes, een gewillig oor voor boze en vreugdevolle momenten, en
zo kan ik nog wel even doorgaan. Hij is verder een drijvende kracht achter gigantisch veel
werk op de vakgroep, en mijn dank voor al deze bemoeienis is groot, bijzonder groot.

Ik weet eerlijk gezegd niet of ik collega-promovendi zoals met name Anne
Verhoef, Cor Jacobs, Berenice Michels, Rushdi El-Kilani, Aafke Atzema, Joost Nieveen,
Job Verkaik en Theo Jetten nou moet bedanken, of dat ik gewoon maar blij moet zijn met
hun aanwezigheid en onze wederzijdse contacten. Nou ja, Anne is natuurlijk een maat uit
duizenden geweest. Samen zweten in Spanje tijdens de EFEDA-campagne, de talloze
gesprekken en small-talks over alles in onze werkkamer en daar buiten, en ook het sterke
gevoel van solidariteit die gepaard ging met de gezamenlijke eindsprint voor een
proefschrift in het laatste jaar. Als dankjewel het goede woord hiervoor is, nou, dan
dankjewel. Aan Cor ben ik een vergelijkbare dosis solidariteit verschuldigd, maar omdat
hij nou eenmaal anderhalf jaar voor liep op ons functioneerde hij ook als veelgebruikte
vraagbaak en brainstorm-tank. Ook dankjewel. Kamer- en EFEDA-genoot Berenice, de
talloze bieren bij José van Alhambra (ook in Spanje) ziln memorabel, en daardoor blijvend.
En we hebben samen een mooie poster gemaakt voor de vakgroep.

Collega-vakgroepsmensen zijn al net zo bedankbaar. Jon Wieringa, die tijdens mijn
promotie-tijd als hoogleraar aantrad, en mij als een soort erfenis op zijn bord kreeg:
bedankt voor de geleverde ondersteuning. Over ondersteuning gesproken: Bert
Heusinkveld, het ‘veulen’ van EFEDA, een ware aanwinst voor de vakgroep: heel erg



dankjewel. Minstens zoveel dank verdienen Kees van den Dries, de computer-beheerder,
Ad van den Berg en Rolf Krikke, programmeer-nymphen en kroegtijgers, Anton Janson,
de levensgenieter van de werkplaats, en zijn Siamese tweeling Teun Jansen — de
conversaties op 13m hoogte boven een Spaanse wijngaard zijn onvergetelijk. Frits
Antonysen en Johan Birnie die een nieuwe ervaring aan hun levens toevoegden door het
FFEDA-gebeuren, medezaalvoetballer Willy Hillen, en natuurlijk Dick Welgraven, met zijn
eeuwig optimisme en bereidheid tot medewerking. Een gigantische ondersteuning kreeg ik ~
ook van secretaresse Gerrie van den Brink en haar collega’s (Annelies, Jolanda), voor de
vele even-tussendoor-vraagjes-en-formuliertjes. Voor hen allen gold dat zij hun baan op

een voor mij erg plezierige manier invulden. Heel veel bedankt daarvoor.

Van de stafmedewerkers Adrie Jacobs, Leo Kroon en Michaél S8araber ontving ik
naast een prettige hoeveelheid collegialiteit ook vaak repliek op mijn {semi-)wetenschap-
pelijke beschouwingen. En Adries bijdrage aan het EFEDA-werk valt niet op de achterkant
van een bierviltje te vermelden, en een extra dankjewel is hier op zijn plaats. Dit geldt
overigens evenzeer voor de verschillende studenten die meer of minder tijd aan EFEDA
hebben besteed en nog niet zijn genoemd: Arnold Moene, Erik Beek, Laurens Ganzeveld,
Ad Jeuken, Harold ten Dam, en Diedert Spijkerboer.

This work is fun! It is funny to share lots of beets in Tomelloso with Henrik
Segaard and his colleagues, and to share the enthousiasm about well-working material
with Jan Elbers, Han Dolman and other members of the Winand Staring Centre. It has
also been a pleasure to have worked with the people from the French Meteorological
Service CNRM, in particular with Pierre Bessemoulin and Joel Noilhan. Joel probably
helped me a lot to convince me that the EFEDA-work should be converted into a PhD-
thesis. And now he helps me even more by playing the role of criticizer in my promotion
committee. [ am grateful to that, as I am grateful to Bert Holtslag, Hans Vugts and
Reinder Feddes. The EFEDA-community consists of many more people with whom I have
experienced a pleasant collaboration, and taking the risk for forgetting people for granted,
I would like to thank the people from the Amsterdam Free University, Yadvinder Malhi,
Ford Cropley and others from the Reading University, the Wageningen colleagues Rene
Kim, Wim Bastiaanssen, Peter Droogers, Han Stricker and a lot more, Martina Berger
and others from the Free University of Berlin, Kevin Sene, Howard Oliver, Colin Lloyd,
Eleanor Blyth and colleagues from the Institute of Hydrology in Wallingford, and
Antonio Brasa and others from the University of Albacete.

Apart from this long list of colleague scientists, I am particularly greatful to the
inspiration I have pleasantly received from a few great {(micro)meterologists: Keith
McNaughton from HortResearch, Palmerston-North, New Zealand, who has spent an
awfully large amount of time and patience in explaining how Lagrangian theory should
be interpreted, how to write that down in a scientific paper, how moths can be used as
meteorological sensor, how Christmas looks in summer, and, last but not least, how
people are dressed for weddings in New Zealand. His participation to my wedding in
April 1994 was a party on its own, and he once more proved himself to be a very pleasant
and easy-to-go-along-with person. In an earlier stage, Dennis Baldocchi brought me
irreversably on the path of scientific research, by sharing his great enthousiasm while I
visited Oak Ridge. John Monteith, who has effectively “invented" many ideas micro-
meteorologists work with nowadays, sincerely inspired me at a few occasions, in
particular during the evaporation workshop in Copenhagen. And finally, the many
conversations with Anton Beljaars about now-adays SVAT's (see this booklet) turned out
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lot for showing his confidence in me by offering a job at KNML

Mijn hart gaat naar veel dingen. Natuurlijk naar mijn vrouw Christien, die me met
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1 The gup between politicians ana
climate researchers is difficult to Wge,

as long as politicians don’t understand politics,

and climate researchers don’t understand climate

Introduction

The population living on the Earth's surface is very familiar with processes as
heating of the air after sunrise, wilting of crop leaves after a long period without rain, or the
development of cumulus clouds by the end of a summer day. These processes are all simple
results of a complex set of interactions between the surface and the air just overlying the
ground. When the soil receives radiation, it returns this energy partially back into the
atmosphere by heating it, or by using this energy for evaporation, humidifying the air.
Heating the air above the ground enhances turbulence intensity, which can cause intense
mixing with higher air layers. In its turn, this affects the state of the air near the surface.
Rising of moist air can also result in the formation of clouds, which will modify the amount
of radiation penetrating to lower levels, or can eventually cause rain (McIntosh and Thom,
1983). The land surface and the overlying atmosphere clearly interact.

This thesis reports on a study of this interaction. It pays attention to the transport of
water vapour, sensible heat and momentum between the surface and the atmosphere. It
focusses on a surface that is only partially covered with vegetation. The framework is
provided by measurements, theoretical analysis, and modeling efforts. In this chapter we
will discuss the atmosphere-land surface interaction in more detail, and an outline and the
main purposes of the research will be given.

Atmosphere - land surface interaction

Generally, the land surface-atmosphere interaction influences the dynamics of the
entire atmosphere, both on the shortterm regional and the longterm global scale. The
transfer of momentum and sensible and latent heat between the surface and the atmosphere
primarily modifies the local surface and air adjacent to it, but atmospheric motions act as a
major redistributor of energy at a glebal scale (Schmugge and André, 1991).

By conducting experiments with atmospheric General Circulation Models, GCM’s, it
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has been shown that the large end of the range of spatial and temporal scales, the global
climate, is sensitive to the land-surface exchange processes (Garratt, 1993). Early GCM studies
revealed a climate sensitivity to surface evaporation and initial soil moisture content, albedo,
or surface roughness (see reviews by Mintz, 1984, and Rowntree and Sangster, 1986). For
instance, Shukla and Mintz (1982) noticed a large reduction of continental precipitation over
most continents when a potentially evaporating surface was changed into a surface without
any evaporating at all using a GCM. Charney et al. (1977) found that an increase of the albedo
of the Sahelian region would lead to a reduction of both the regional evaporation and
precipitation in the area. Treatment of the transfer of water from deeper soil layers into the
atmosphere via transpiration plays a significant role in the long term predictions of cloud
development, precipitation, evaporation and soil moisture content (Milly and Dunne, 1994},
GCM studies were also applied to investigate the impact of large scale changes in vegetation
cover. Particularly, a series of simulations was dedicated to the effects of tropical
deforestation (Henderson-Sellers and Gornitz, 1984; Dickinson and Henderson-Sellers,

1988).

Also, at somewhat smaller timescales a sensitivity of atmospheric behaviour to land
surface description is evident. Beljaars et 2l. (1995) found a considerable difference in
predicted Usa rainfall after changing the land surface parameterization scheme in the ECMWF
Nurnerical Weather Prediction (NWP) model. Moene et al. (1995) used the meso-scale High
Resolution Limited Area Model (HIRLAM) covering Western-Europe, and found very
different rainfall predictions for different soil moisture initializations.

At smaller time and spatial scales, the interaction with the Planetary Boundary Layer
(PBL) is important. The PBL is defined as the layer which is directly affected by the state of
the underlying surface. It senses the diurnal variations of the surface properties (such as the
surface temperature or evaporation) and adapts to a change of surface roughness. The
condition and growth of the PEL depends on the partition of available energy at the surface.
Using a numerical PBL-model with a simple energy balance scheme as lower boundary
condition, Troen and Mahrt (1986) found a non-linear reduction of the PBL height when the
surface evaporation was increased.

The turbulent mixing of air in the PBL partly determines the state of the atmosphere
at screen height, just above the surface. Since the driving force of heat and water vapour
exchange at the surface is the gradient of the particular constituent between the surface and
a reference level just above, feedback processes between the surface and the boundary layer
contribute to the properties of the lowest layers of the atmosphere (De Bruin, 1987). This
mechanism is denoted as PBL-feedback.

pBL-feedback can result in either an increase or a decrease of the effect of changing
surface properties on the energy balance of the surface. Jacobs and de Bruin (1992)
demonstrated that including PBL-dynamics implies a negative feedback on evaporation
when the crop resistance is modified: a reduction of the resistance causes at first instance an
increase of the evaporation, which results in a decrease of the humidity deficit at reference
height when boundary layer mixing is considered. Alternatively, positive feedback on
evaporation occurs when the net radiation is changed, for instance due to a changing
albedo. Both sensible and latent heat will be reduced when total radiant energy is reduced.
Accounting for boundary layer mixing, also a reduction of the reference temperature will be
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simulated, which reduces the humidity deficit and thus the evaporation. Rowniree (1991)
pointed at a positive feedback mechanism that occurs when the surface resistance increases
due to a removal of vegetation. A progressive reduction of the vegetation may be the result
of a drying atmosphere and a decrease of precipitation.

A second mechanism of feedback is the response of stomata to ambient conditions.
In coupled models in which the stomatal conductance for water vapour is reduced as the
ambient humidity deficit increases, a positive feedback on surface evaporation is simulated.
A reduction of evaporation will result in a drier and warmer boundary layer, which will
more rapidly entrain into the free atmosphere owing to the larger amount of sensible heat
supplied from below. This entrainment will further reduce the air humidity close to the
surface, to which vegetation often responds by a further reduction of the stomatal aperture
(Jacobs, 1994). These feedback mechanisms obviously have a pronounced effect on the
interaction between the surface and the atmosphere, and thus on the atmospheric response
to surface characteristics.

The implications of the feedback mechanisms for the exchange between the surface
and the atmosphere on a regional scale have been made clear by use of simple concepts to
describe PBL-dynamics and surface fluxes. For instance, De Bruin (1983) coupled a simple
slab model for the convective PBL (Driedonks, 1981) to the Penman-Monteith combination
equation providing surface fluxes. He showed that the the ratio of the surface evaporation to
the so-called equilibrium evaporation (Priestley and Taylor, 1972) depends on the surface
resistance for water vapour transfer, entrainment of heat from above the PBL, and
aerpdynamic surface characteristics. Monteith (1995a) explored the accomodation between
transpiration from vegetation and the convective boundary layer by use of a similar model
for the PBL and a linear response of stomatal conductance to ambient hurnidity.
McNaughton and Jarvis (1983) introduced the concept of a ‘coupling factor” €2, to indicate
the degree of interaction between a (vegetated) surface and the atmosphere. A strong
interaction is present when the aerodynamic exchange occurs very efficient, or when the
surface resistance is large.

Only for a constant surface forcing, both in time and space, the PBL will eventually be
completely adapted to the underlying surface. Adaptation to spatially heterogeneous
surfaces depends on the scale of the surface inhomogeneities. Hypothetically, fluxes from
small scale heterogeneities are blended at the scale of the boundary layer, but the PBL will
adjust to the local surface when the scale of the heterogeneities is large enough (De Bruin,
1987; Shuttleworth, 1988). Raupach (1991) pointed out that a PBL is rarely fully adapted to
the underlying surface, due to the relatively short time scale of the change of the lower
boundary conditions associated with the diurnal variation. This scale consideration provides
a second justification for considering surface-atmosphere interaction by using coupled
surface-PBL models to simulate surface boundary conditions for large scale modelling
purposes (Brutsaert, 1986).

These conceptual studies reveal the significance of land-atmosphere interactions, but
their results are not directly applicable as surface forcing in GCM’s or NWP models. For these
applications a large range of parameterization schemes have been developed in the last two
decades. In the next section we will pay attention to these schemes.
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1.2

Land surfaces and land-surface models

The experiments listed above clearly demonstrate the need for a realistic land surface
parameterization scheme in meteorological models. The surface energy balance equation is
widely used to provide the lower boundary condition for atmospheric modelling purposes:

Q,=H+AE+G {1.1)

Here, (. is the net radiation absorbed by the surface, H and AE are the sensible and latent
heat released to the atmosphere, respectively, and G is the heat stored in the ground and
surface elements, such as vegetation. A list of all symbols and acronymns can be found in
Appendix I. In eq. 1.1 the radiation term is defined positive downwards, while the
remaining terms are defined positive when directed away from the surface. Small amounts
of energy used for photosynthesis or other chemical processes are ignored and excluded
from this equation. Eq. 1.1 states that the total amount of radiative energy that is absorbed
by the Earth's surface is used to heat the air, to heat the soil, or to evaporate liquid water
that is a source of latent heat that can be used to heat higher atmospheric layers, when
condensation of evaporated water vapour occurs.

The amount of radiative energy absorbed by the surface, or its partitioning over the
terms on the right hand side of eq. 1.1, is importantly determined by the type of surface. For
polar regions covered with fresh snow a large part of the incoming shortwave radiation will
be reflected, leaving relatively little energy that can be used to melt ice (incorporated in G)
or heat the air aloft. A bare dry soil will show a quick increase of its temperature when Q. is
positive due to the absence of available water that can be evaporated. The low thermal
conductivity of a bare dry soil will result in a relatively small heat loss to G, and the surface
will thus release most of its energy as sensible heat (Oke, 1978). When vegetation is present,
it allows a significant energy release as latent heat, due to its capacity to transport water
from deeper soil layers via the root system. However, the water transport capacity of most
vegetation types is limited, and a vegetated surface will also act as a source of sensible heat.

Many micrometeorological studies have been dedicated to the description of the
energy balance for vegetated surfaces. A very well known concept is the so-called 'big leaf’
model (Monteith, 1965), that regulates the partitioning of available energy (2. - G) over
sensible and latent heat by means of a series of transport resistances, which are governed by
both aerodynamic and plant physiological characteristics. Using such scheme a surface must
be characterized by parameters describing its aerodynamic roughness (Thom, 1975),
radiative properties (Goudriaan, 1977) and physiological resistance for evaporation (Kelliher
et al., 1995).

Parameterizations using the simple big-leaf concept are often based on detailed
modelling and measurement studies of the microclimate within a canopy. Even for
horizontally homogeneous vegetation covers a significant vertical variation of radiation,
temperature or moisture exists within a vegetation stand. Multi-layer models describing
these gradients (see e.g. Waggoner and Reifsnyder, 1968) require often too much input data
and computation time to be useful in GCM’s. Single layer models are more useful for this
purpose, as made clear in a — suggestively entitled — paper by Raupach and Finnigan {1988).

The simple *big leaf’ concept appears to lack realism in cases where the vegetation
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structure becomes more complex, for example, if the surface is only partially covered with
plants. In this case, a major part of the available radiative energy reaches the bare soil and
contributes to additional processes as heating of the underlying ground or of the air close to
it. This heating leads to interaction between the heat fluxes from the canopy and bare soil
components, in particular in cases where the canopy resistance is a function of ambient
temperature or air humidity. Furthermore, canopy evaporation is generally smaller than that
of fully vegetated surfaces as a result of the reduced leaf area. These surface types are
denoted as sparse canopies. Agricultural crops early in the growing season, natural vegetation
in dune landscape, tundra or savannah, or permanent orchards or vineyards in semi-arid
areas are general and widespread examples of sparse canopies.

Black et al. (1970) were probably the first to present a surface model computing the
evaporation from a surface that was only partially covered with vegetation. A few years
later, Deardorff (1978) presented a so-called two-component land surface scheme. In this
approach, the energy balance of a surface is split into a canopy and a bare soil component.
Deardorff's model was the first Soil-Vegetation-Atmosphere-Transfer (SVAT) model that
could be applied in large scale meteorological models. Since then several SVAT's were
developed which either regarded the Earth's surface as a single layer with various surface
components {Noilhan and Planton, 1989), or proposed major improvements to Deardorff’s
model (Dickinson et al., 1986), or applied the Penman-Monteith combination equation to a
similar two-component scheme (Shuttleworth and Wallace, 1985). Apart from these papers,
numerous surface schemes were proposed that adapted one of these models for specific
conditions or modified the complexity of these schemes to either the simpler or more
complicated end (e.g. Sellers ¢t al., 1986; Warrilow ef al., 1986; Choudhury and Monteith,
1988; Shuttleworth and Gurney, 1990; Xue ef al., 1991; Koster and Suarez, 1992; Dickinson ef
al., 1993; Dolman, 1993; Braud et al., 1995; Viterbo and Beljaars, 1995; Bosilovich and Sun,
1995).

This abundant number of sutface schemes provokes the call for intercomparison
experiments. Various studies have been dedicated to comparing several of these surface
schemes at various temporal and spatial scales. For instance, Dolman and Wallace {1991),
Incldn and Forkel (1995) and Huntingford et al. (1995} compared various SVAT's with ranging
complexity in a zero-dimensional mode, that is, by simulating fluxes using atmospheric
forcings measured close above the surface. At the global scale, Sato ef al. (1989) and Sud ef al.
{1990) compared the impact of replacing a very simple bucket hydrological model (Manabe,
1969) by the sophisticated Simple Biosphere (51B) model (Sellers e al., 1986). The
aforementioned review of Mintz (1984} compares the sensitivity analysis of Shukla and
Mintz (1982} to a similar experiment conducted by Suarez and Arakawa (cited by Mintz,
1984) {and found considerable differences in continental rainfall for some areas). Recently,
the Project for Intercomparison of Land surface Parameterization Schemes (PILPS;
Henderson-Sellers et al., 1993; 1995) has been started, designed for a systematic
intercomparison of about thirty surface schemes that are operational in current GCM’s or
NwWP models. PILPS foresees in an extensive model documentation, sensitivity tests, and
intercomparison experiments ranging from zero-dimensional model runs, using both
synthetic and really measured forcings, to runs using fully coupled 3-dimensional global
scale meteorological models.
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1.3

A sensitivity analysis using a coupled $VAT-PBL model

Comparison experiments have shown that considerable differences exist between
surface fluxes simulated by different SVAT’s. GCM and NWP simulations are shown to be
particularly sensitive to the parameterization of moisture transfer from deeper soil layers to
the atmosphere (Henderson-Sellers ¢f al., 1995), and the treatment of this transfer is executed
rather differently by the various models.

An important question — one that is also one of the research topics in this thesis —
that arises is what level of complexity a land surface scheme must contain (Garratt, 1992,
1993). The large scale GCM or NWP sensitivity simulations contain so many degrees of
freedom that the results are often difficult to interpret, and can only be expressed in very
general terms. On the other hand, the stand-alone verifications of the various surface models
using in situ observations allow a more transparent evaluation of aspects that play a key role
in the exchange processes between the land surface and the atmosphere (and should be
parameterized well in meteorological models). A disadvantage of these zero-dimensional
intercomparison experiments is that atmospheric feedback processes cannot be taken into
account, and their results seem to depend strongly on the test conditions and input data
chosen. Furthermore, the number of processes that is simulated — even in relatively simple
surface schemes as Deardorff (1978) — is still large enough to inhibit a straightforward
interpretation of results.

In order to answer the question about the required level of model complexity, the
drawbacks of beth the large global scale and small zero-dimensional comparison studies
should be avoided optimally. The strategy that is adopted in the current study is to consider
surface-atmosphere interaction using a coupled one-dimensional SVAT-PBL model. The single
dimension of the analysis allows a focus on the surface exchange processes, and disregards
large scale atmospheric effects as horizontal advection, cloud formation, radiation
peneiration through the air mass, precipitation and other synoptic events. By considering
the transport of momentum, latent and sensible heat in a vertical column with a height
exceeding the typical PBL-height, surface-atmosphere feedback processes are allowed to
modify the surface fluxes.

Within this one-dimensional framework a range of surface models of varying
complexity will be coupled to a model for the PBL, and its response evaluated by performing
simulations over a specified surface. Parameterizations are compared that currently are used
in large scale metecrological models. This strategy differs in two ways from the PBL-
sensitivity experiments conducted by for instance Troen and Mahrt (1986) ot Jacobs and de
Bruin (1992), who altered the lower boundary condition of a coupled surface-FRL. model by
changing some of the surface parameters (albedo, crop resistance or fraction of potential
evaporation, aerodynamic roughness length):

(1) the interactions between surface and atmosphere are investigated for a specified surface,
rather than studying the effect of changing the land surface itself

(2) different existing parameterization schemes for land surfaces will be coupled to a
selected PBL-model, rather than that the sensitivity of one selected SVAT to the values
of the model parameters or input data is considered.
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A further attempt to focus on the physical exchange processes is carrried out by
disentangling the various parameterizations of the surface models. The various processes
that play a role in a land-surface parameterization scheme show many mutual interactions.
For instance, suppose that a certain SVAT that is used to calculate the energy balance of a
sparsely vegetated surface under conditions of strong radiation, describes an erroneously
small transport of water within the soil. Under the specified conditions, the bare soil surface
will soon dry out, which shows up as a strong increase of the soil surface temperature,
which affects net radiation and reduces the aerodynamic resistance owing to a stability
correction, which perhaps enhances the evaporation from the canopy component, which will
lead to an increase of the atmospheric humidity, etcetera. A sensitivity study will only be
able to compare various soil water transport modules if these are implemented in an
identical reference framework that describes the aerodynamic resistance, net radiation,
canopy fluxes etcetera.

In this study, we coupled a reference SVAT to a PBL-model, and four — more or less
isolated — parts of this SVAT are replaced with parameterizations taken from other land
surface schemes. The SVAT components that are distinguished and the reason for their
selection are:

{1) the representation of an incomplete vegetation cover. A crucial issue in the complexity of
land surface schemes is the importance of discerning between bare soil and
vegetation, in terms of surface temperature, radiation absorption and latent and
sensible heat exchange

{2) the type of soil model used. Various degrees of complexity are in use with respect to the
number of soil layers and the parameterization of heat and moisture fluxes within
the soil

(3) the aerodynamic exchange between the surface and the atmosphere. Apart from selection
of appropriate aerodynamic surface characteristics, a range of parameterizations can
be applied to account for the turbulent exchange efficiency

(4) the canopy resistance for evaporation. Not only the value of a minimum canopy
resistance can be specified according to the type of present vegetation, also the
complexity of crop resistance models varies widely.

Most of the parameterizations of these components are taken from models that have
been published in literature. We feel that the range of existing SVAT's is large enough, and
the development of new schemes should be based on an evaluation of existing material. The
results of the strategy of replacing model components will partly depend on the cheice of
the reference model and the simulated surface. The coupling between various surface
processes will be different for different ways of representing surface processes or types of
surfaces.

As discussed before, the representation of sparsely vegetated areas induces stronger
demands on land-surface parameterization than closed canopies. The applicability of the
big-leaf model for dense vegetation covers has been demonstrated successfully, if the
surface resistance for evaporation can be well defined. A larger discrepancy between various
models is expected for sparse canopies, and these therefore serve as a better test
environment for our purpose. Sparse canopies form a common surface type in semi-arid
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areas, where the limited amount of available water constrains the biomass growth. A second

reason for focusing on sparse canopy surfaces is that, at the time when this project was

started, relatively little was known about the energy balance of a sparse canopy surface.

Since then, considerable work on this issue has been published, and these studies have been

useful here,

For the current study, a well-defined sparse canopy surface is selected to serve as test
case. This surface is a sparsely vegetated vineyard in a Mediterranean climate zone in La
Mancha, Spain, which was one of the investigated sites during the regional scale EFEDA
experiment (Bolle et al., 1993). EFEDA focussed on the surface energy balance of various types
of vegetation covers in the Mediterranean summer season, during which the evaporative
fraction of the surface available energy decreased considerably for many vegetation types.
This change of the surface energy balance enabled the verification of measurement and
maodelling techniques in a large evaporation range in semi-arid conditions. Relevant for the
current study are data for calibrating the surface models, providing initial and temporal
forcings, as well as verification material. In the framework of this thesis these data were
collected during two measurement campaigns conducted in the summer growing seasons in
1991 and 1994.

The central aims of this thesis are:

(1) to provide insight in the physical processes governing the transport of momentum and
sensible and latent heat between a sparsely vegetated (Mediterranean} vineyard
canopy and the overlying atmosphere

(2) to compare existing land surface parameterization schemes for this particular dataset
with respect to the simulation of these fluxes

(3) to evaluate the sensitivity of the Planetary Boundary Layer to modifications of the land
surface parameterization scheme.

Organization of the thesis

This thesis pays attention to various aspects of (Mediterranean} sparse canopies, land
surface and PBL schemes and their intercomparisons. In chapter 2 the case study area is
described. A setup of the EFEDA project is discussed, and the site layout and measurements
collected in the Spanish vineyard area are presented. Special care was dedicated to existing
theory concerning corrections to measured quantities, in particular eddy-correlation. An
outline of the correction algorithms applied is included in one of the appendices to this
thesis.

Chapter 3 contains a survey of some processes governing the exchange between a
sparsely vegetated surface and the overlying atmosphere. It discusses the implementation of
sophisticated Lagrangian theory in the traditional aerodynamic exchange resistances, and
the shortwave reflectance (or albedo) of the case study area, illustrated by measurements.
Also discussed is the crop resistance for evaporation, where attention is focussed on the
application of a photosynthesis model for describing crop resistance (Jacobs, 1994).

Chapter 4 presents an overview of the land surface schemes and PBL model that are
selected for this analysis. The included surface models are selected in order to cover a
certain range of complexity with respect to aerodynamic transfer, soil heat and moisture
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transport, and surface representation. Selected are a form of the 'big leaf’ model (Monteith
1965), and the earlier mentioned models of Deardorff (1978), Choudhury and Monteith
(1988), and Viterbo and Beljaars (1995). The selected range could arbitrarily have been
extended, but encompasses the desired range of possible parameterizations. Both single- and
dual source models are included, as are differences in treatment of soil heat flow,
aerodynamic exchange and canopy resistance. Also, special attention is paid to a small
modification of the model of Viterbo and Beljaars (1995), which results in a clear
improvement of flux predictions under some conditions. For the range of canopy resistance
models the schemes of Choudhury and Monteith (1988) and Viterbo and Beljaars (1995)
were chosen. Also included here is an operational version of the photosynthesis-resistance
model of Jacobs (1994). A description of the latter canopy resistance model is included in
chapter 3. The boundary layer model that was selected is originally developed by Troen and
Mahrt (1986), modified by a convective closure scheme proposed by Holtslag and Moeng
{1991). This is the same model as was used for the work carried out by Jacobs and de Bruin
{1992) and Jacobs (1994).

In chapter 5 three land surface models that describe surface fluxes by explicitly
discerning between vegetation and bare soil {Deardorff, 1978; Choudhury and Monteith,
1988; Viterbo and Beljaars, 1995) are compared by means of a five day simulation of EFEDA
measurements collected during the 1991 campaign. This comparison is zero-dimensional,
which implies that forcings measured at screen height were used as boundary conditions.
The intercomparisan focusses on the aerodynamic transfer and sensible heat flux, the soil
heat flux, and the canopy evaporation and soil moisture budget.

Based on this comparison the SVAT components are selected that provide an
optimum description of the observations. From these different components a reference
model is constructed, for use in the coupled sensitivity runs reported in chapter 6. The
coupled SVAT-PBL model is run for two artificial sets of initial and temporal boundary
conditions separately. Components of the reference SVAT are replaced as outlined above, and
the response of the boundary layer to this exchange is discussed. The PBL-response is
evaluated in terms of surface and entrainment fluxes, mixed layer height, -temperature and
-specific humnidity. After this set of artificial simulations, measured initial and temporal
boundary conditions are applied to the coupled SVAT-PBL mode], in order to evaluate its skill
to reproduce the actually measured meteorological conditions. This time the PBL-response is
evaluated relative to a model run using measured surface fluxes as lower boundary
conditions. The conclusion section of chapter 6 discusses the results, and presents
suggestions regarding the sensitivity of the PBL to the parameterization of the land surface
fluxes over a sparsely vegetated Mediterranean vineyard canopy.
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: ! To measure is to know
(for what unknowns o correct for)

Data collection and processing

This chapter addresses the collection and processing of the data, used for this study.
The data presented in this chapter were collected in the context of the so-called EFEDA-
project, of which purpose and context will be explained first. Also the correspondence
between the EFEDA-purpose and that of this study is discussed. Then, the contribution of the
Wageningen Department of Meteorology to two EFEDA-measurement campaigns is
presented, including a description of the measurement sites. The data collection strategy is
discussed, where methods for determination of scalar and momentum flux densities,
available radiative energy, soil heat flux density, and vegetation parameters are adressed
separately. Finally, some quantities derived from the described measurements are
presented: aerodynamic roughness, roughness length for heat, so0il thermal properties and
energy balance components.

The EFEDA-experiments

211 Context and goal

Since long mankind has influenced its environment. In Europe, land surfaces have
been transformed by human agricultural activities, as well as by the development of cities,
modern industries and traffic. These effects have gained special interest in the context of
climate changes induced by the greenhouse effect, as predicted by GCM's. Particularly at the
regional scale, model predictions of effects of change in global climate show large
differences. These are partially caused by inadequate parameterizations of the interaction
between the land surface and the atmosphere {(Garratt, 1993).

In this context the Commission of the European Communities have developed the
European project on Climatic and Hydrological Interactions between the Vegetation, the
Atmosphere and the Land Surface (ECHIVAL), as an important component of the European
Programme on Climate and Natural Hazards (EPOCH). The first major activity of the
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programme was the ECHIVAL Field Experiment in a Desertification-threatened Area {EFEDA).
The main goal of EFEDA was to "get a better understanding of the processes, including the
impact of mankind, that may lead to land degradation and desertification" (Bolle et al., 1993).
More specifically, studies were carried out addressing the interaction between the
vegetation, the soil below and the atmosphere above at regional scales, compatible with the
grid scale of GCM's. Better parameterizations of these interactions are to be included in these
large scale models, in order to improve their predictive power. Earlier GCM-results showed
that the Mediterranean area is one of the most vulnerable European regions in case of a
progressing greenhouse effect. Therefore, and for reasons of orographical simplicity, EFEDA-
activities were concentrated in the relatively flat area of Castilla-La Mancha in Spain, in the
dry period of the growing season. Observations of the hydrological cycle, atmospheric
processes, vegetation development and soil properties were collected in a wide range of
spatial (from cm to 100 ki) and temporal (from 0.1 s to 3 months) scales. Furthermore,
evaluation of data supports modelling activities, ranging from one-dimensional SVAT models
to three-dimensional mesoscale models.

The EFEDA-programme was split into two parts. The first part (EFEDA-I) consisted of
an intensive measurement campaign in the area of Castilla-La Mancha in June 1991, and a
first step towards linking the surface measurements to regional scale processes using
satellite images, airplane measurements and modelling activities. The project period was
limited to 2'4 years. EFEDA-II was funded for 24 more years mainly to execute additional
data processing and modelling, Furthermore, a few smaller experiments were carried out in
order to survey particular instrumental differences and repeat some of the measurements
carried out during EFEDA-IL The latter part of EFEDA-II took place in June-July 1994.

21.2 EFEDA-I

The spatial configuration of the ground-truth data cotlected during EFEDA consisted
of three 'supersites’, at mutual distances of about 70 km: Tomelloso, Belmonte and Barrax
{Figure 2.1}. Each of these supersites was considered representative for larger areas with
similar landuse. Tomelloso (39°10°N, 3°1'W, 670 m) represented unirrigated vineyards,
Belmonte (39°34'N, 2°27°'W, 800} m) hilly natural and unirrigated agricultural vegetation, and
Barrax (39°3'N, 2°6'W, 700 m) both irrigated and unirrigated farm land, respectively. At
each of these supersites atmospheric, soil and vegetation data were collected at a number of
sites simultaneously. Airplane measurements played a key role in linking surface
measurements to the regional scale. Four airplanes were available, of which two carried flux
measurement equipment, and two carried remote sensing instruments.

About 30 scientific groups contributed to EFEDA-L In the Tomelloso area continuous
measurements of the energy balance components, vegetation characteristics and soil
properties were collected at 9 sites by 7 groups, at typical mutual distances of 3-5 km. The
Department of Meteorology of the Wageningen Agricultural University (WAUMET)
coordinated and participated the collection of atmospheric and vegetation data in the
Tomelloso supersite. A further description of the collection strategy is given below.
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Figure 2.1: Geographic location of the EFEDA-area

213 EFEDA-II

EFEDA-II allowed some follow-up activities with respect to data processing, archiving
and measuring. Important gaps in the dataset of EFEDA-I were the availability of soil
moisture data in the entire rooting zone in the Temelloso vineyard area, and a poor
coverage of the airborne flux measurements, especially the three-dimensional distribution of
the latent and sensible heat flux densities in the boundary layer. Apart from this, a number
of groups felt it necessary to reconfirm some issues noticed during EFEDA-I by additional
measurements. In this context a few participating groups decided to carry out a second
observation session in the Tomelloso area. Again airplane flux measurements were carried
out, together with a limited number (3) of ground stations. Also, WAUMET participated by
contributing to a single ground flux station, in close collaboration with the Wageningen
Winand Staring Centre (wsC) and the Copenhagen University {COP). A site close to
Tometloso, which had been under investigation during EFEDA-I as well, was selected. For
EFEDA-II, data were collected during two months (June-July) in 1994

Unfortunately, a planned measurement scheme of horizontal, vertical and temporal
variations of the soil moisture content was cancelled just before the experiment was
undertaken, due to problems with customs administration. Despite of this major lack of the
goal of FFEDA-IL, the planned experiment was continued.

Apart from the routine flux measurements, two instrumental intercomparison
experiments were carried out in EFEDA-HL. A net radiometer intercomparison was conducted
for ten days in June 1994 at a bare soil site near Tomelloso, and 10 sets of eddy-correlation
equipment were intercompared for ten days in May 1994 in Swifterbant, the Netherlands.
WAUMET coordinated the latter experiment.
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2.2

2.14 Correspondence of goals

The goal and setup of the EFEDA-project fit very well in the current thesis. Similar to
the EFEDA-goals, the importance and skill of various surface-atmosphere interaction schemes
for predictions at larger scales is under study here. Furthermore, EFEDA provides a
framework for the collection of data necessary for evaluation of the various surface layer
models. As indicated before, these models were to be evaluated under dry sparse-canopy
conditions, with limited orographic influence.

A second aspect of the EFEDA-project which was very convenient, was that all
participants agreed on mutual use of collected data. By this collaboration structure, data
collected by other groups than WAUMET could be used for the present work. This
particularly applies to the radiosoundings, collected by the Centre National de Réchérche
Météorologique (CNRM) of Toulouse, and the soil moisture data from the Dept. of Water
Resources from the Wageningen University (WAUHBH). An overview of all surface flux data
collected during EFEDA-I can be found in Chapter 5 of the Final EFEDA-report (Van den Hurk
and De Bruin, 1993).

Measurements taken by WAUMET during EFEDA-I (1991)

2.21 Site description

The site where WAUMET collected data during EFEDA-l was situated in a vineyard
near Tomelloso (39°08°30"'N, 2°55'48"'W, 693 m AsL), Castilla-La Mancha, Spain (see Figure
2.1). The prevailing wind directions were E and W. The surface type was almost
homogeneous for a distance exceeding 1 km in both directions. Particularly in eastern
directions the terrain slightly sloped, and height differences of about 5 m over a horizontal
distance of a few 100 m were present. Approximately 15 km more southward the terrain
was hilly.

The vegetation at the site consisted of grape vine plants (Vitis Vinifera, L. cv. Airen),
placed in a regular grid of about 2.6 x 2.6 m. The plants had an age of about 50 years, and
consisted of low stems (+ 30 cm), from which early in the measurement season only a few
minor branches emerged. Each branch carried 10-50 leaves, which are light green and hairy
on emergence, darker, flat and with an area of + 70-100 cm? in their full-grown stage, and
dark green, stiff and irregularly shaped by damage when they are old (see also section 3.4).
Due to night frost prior to the experimental pericd the vegetative development was
somewhat delayed. During June 1991, the plants grew considerably, both in height and in
diameter, and developed ovaries. The growing stage was not completely ended by the end
of the campaign. This canopy type covered approximately 80% of the area within the direct
surroundings of the measurement site. Apart from vineyards, arable crops, bare soil and a
small fraction of irrigated maize was found.

The soil was classified as a sandy loam soil with a fine texture. A large fraction was
covered with stones with an average diameter of + 3 cm. Due to a high iron oxide content
the soil was red. At a depth of approximately 30 cm a zone consisting of hard, compact
calcarous material was present. Investigations carried out in 1994 revealed that this layer
extended to several meters depth, and not only a few decimeters, as was thought originaily.
A deep rooting zone enabled the vine plants to obtain water from the compact layer, which
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has a large porosity. The upper soil layer was virtually dry during most of the period, and
hardly any low vegetation developed.

Once every 3~4 weeks the vineyard was cultivated, to remove bits of weed and to
loosen the upper layer. Moreover, during the growing season shoots who did not bear
ovaries were removed manually. The harvest of the vine grapes occurred mid October. This
type of land use could be considered typical for an extensive area of at least 100 km? in the

direct surroundings.
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Figure 2.2: site layout and uTC-coordinates during EFEDA-L. Grid lines indicate a distance of 100 m. Labels are
explained in Table 2.1

222 General set-up of WAUMET

The main task of WAUMET was to collect data of scalar and momentum flux densities
between the vegetated surface and the atmosphere. In the period 2 - 29 June 1991 seven
triangular masts (with diameter 0.20 m) were installed. Furthermore, soil measurements
were carried out, together with the operation of a scintillation device, a SODAR device (both
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operated by the Royal Netherlands Meteorological Organisation, KNMI as subcontractor} and
radiometric surface thermometers moved horizontally along two cables at some height
above the surface (operated by sub-contractor Free University of Amsterdam, vu}. Synoptic
observations were carried cut hourly, whereas various relevant vegetation parameters were
collected throughout the entire month. An extensive project description is given by Michels
and Moene (1991). Here only a summary is given.

All automatic sensors were logged on a home-made datalogger controlled by a PDP-
11 minicomputer situated in a van at the site. Raw data were stored on magnetic tape,
copied to optical disk and processed afterwards. Eventually a tape had to be changed every
7-8 hours. From 7 June onwards, software adaptations allowed tapes to run for 17 hours.
Power for the measurement and processing system was supplied by a 220V generator,
located next to the van. The sampling frequency was 1 Hz for most sensors. The fast
response sensors were sampled mostly at 10 Hz. At some days the sampling frequency for
these sensors was increased to 100 Hz, since the generator was suspected to introduce a
significant 50 Hz noise on these signals. Under these conditions, tapes lasted for only 2% hrs.
Changing a tape took normally about 10 minutes, during which no data could be collected.

Early in the period only daytime data were available. Thunderstorms frequently
caused instrumental damage, even without any direct strike. Sensors were disconnected
from the datalogger when thunderstorms were nearby. Later in the period these storms
showed up less frequently, enabling more overnight measurements. Maintenance activities
were another source of gaps in the data sequence.

A second goal of WAUMET was to test a stand-alone flux station, which was being
developed for use in the Hydrological Atmospheric Pilot Experiment HAPEX-Sahel
experiment in Niger, 1992 (Goutorbe e af., 1994). Two Campbell 21X dataloggers were used
rather than the PDP-device in the measuring van. The station included a one-dimensional
sonic anemometer (Kaijo Denki DAT110) with a home-made thermocouple and Lyman-u fast
response humidity sensor, and standard wind-profile, Bowen-ratio and radiation devices.
The energy was provided by solar panels. This station was operated from 9 June 1991
onwards. Data of this station were not used for the present study, and an extensive
description is not given.

Table 2.1 gives an overview of all sensors being in operation during EFEDA-I,
grouped according to the mast in which they were mounted. Figure 2.2 gives a site layout.
In addition, Bolle et al. {1993) present a photograph of the measurement site, taken in the
second measurement week. The following sections describe the sensors used and the
sampling strategy operated during EFEDA-L. A presentation of correction procedures applied
to raw data is given in Appendix IL

All data collected during this EFEDA-I campaign by WAUMET are stored in a database
(Krikke, 1994a). Surface flux measurements from all participants of EFEDA-I are collected in a
database prepared by colleagues from CNRM, and were disseminated on CD-ROM
{Ancnymous, 1994).
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Table 2.1: Instrurnents in operation during EFEDA-I; the indicated distance refers to the mast, the angle to the
orientation with respect to the North

mast sensor type height/depth distance  angle
{m} {m) )
a. profile mast 5 psychrometers East-  home-made 071,142,293, 0.85 70
side (PT100) 4.93,9.93
5 psychrometers West-  home-made (.69, 1.50, 2,98, 0.90 285
side (PT100} 504,998
wind vane home-made 10.20 [\ -
b. oy mast 5 thermocouples home-made .67, 1.47, 2.95, 1.35 155
(CuCo) 4.94,9.87
5 cup anemometers home-made 0.70,1.48, 2.94, 0.50 95
4.93,9.86
wind vane home-made 10.20 0 -
¢. sonic mast somic anemometer Kaijo Denld 435 0 03601
DAT310
Lyman-e home-made 442 0 0360
thermocouple home-made 4.40 4] 03601
(CuCo)
net radiometer (above Middleton 107 110 240
plant)
d. 13 m mast sonic anemometer Kaijo Denki 12.50 0 0-3601
DAT310
Lyman-u home-made 12.50 0 03601
thermocouple home-made 12.50 0 03601
(CuCo)
e, radiation net radiometer (above Middleton 1.03 1.15 170
mast soil)
incoming shortwave Kipp cM5 130 1.65 245
pyrheliometer
reflected shortwave Kipp cM5 107 1.65 245
(plant)
reflected shortwave Kipp cm5 1.05 078 120
(bare s0il)
infrared thermometer ~ Heimannkrl4  4.20 0.30 1952
f. VU mast 6 CO;-sampling tubes 051,2,412,21% 2 3
8 cup anemometers vU-made 05,1,2,4,8,12,16, ° 3
East-side 21
7 cup anemometers VU-made 1,2,4,812,1621 3 3
West-side
incoming shertwave Kipp cM5 6 3 3
pyrheliometer
reflected shortwave Kipp CM5 6 3 3
(high)
net radiometer Middleton 6 3 8
wind vane home-made 21 0 -
g VUeddy sonic anemometer Kaijo Denki 4 0 3
mast DAT310
Lyman-ot vU-made 4 3
thermocouple home-made 4 0 3

{CuCo)
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mast sensor type height/depth distance  angle
(m) {m) )
h. stand-alone wind vane home-made 6.00 0 -
mast
1-dim. sonic Kaijo Denki 413 0.90 140-2201
anemometer DATI0
Lyman-¢ home-made 414 0.90 140-2201
thermocouple home-made 404 0.90 140-2201
(CuCo)
thermocouple home-made 205 1.35 293
(CuCo)
4 cup anemameters home-made 0.90,1.50,296,494 090 350
net radiometer Middleton 1.30 1.03 170
incoming shortwave Kipp CM5 1.30 0.85 205
pyrheliometer
2 psychrometers homae-made 0.75,2.00 0.75 120
(PTI00)
i. Heimann infrared thermometer Heimann KT15 097 Q 190°%
mast (plant)
infrared thermometer ~ HeimannkT15 091 0 190°
(soil)
j- Diffuse mast diffuse shortwave Kipp CM5 2.00 ] -
pyrheliometer
k. Stephenson Assman psychrometer,  Assman 2,00 - -
screen min. and max.
thermometer
incoming longwave Eppley PIR 2008 - -
pyrgeometer
1. soil plot 5 soil thermometers home-made -0.03, -0.05, -0.10, - -
(under plant) (PT100) -0.25, 0.50
5 soil thermometers home-made -0,03, -0.05, -0.10, - -
(under bare soil) (pT100) -0.25, -0.50
3 s0il heat flux plates TPD Delft -0.05, -0.05, -0.15 - -
(under plant}
3 soil heat flux plates TPD Delft -0.03, -0.05, -0.15 - -
(under soil)
4 A-needles (under home-made -0.03, 0.05, -0.10, - -
plant) -0.20
4 Jr-needles (under home-made -0.03, 0.12, -0.22, - -
bare soil) 0.35
m. cable high moving infrared 3 6.00 - -
thermometer
n. cable low moving infrared 3 3.00 - -
thermemeter
0. SODAR SODAR - - -
p- Scintillometer  Scintillometer (over KNMI 47 - -
distance of 875 m)
q. soil plot soil thermometer home-made .03 - -
{stand- alone)  (under plant) (PT100)
soil thermometer home-made -0.03 - -
(under bare soil) (PT100)
27 m
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mast sensor type height/depth distance  angle
(m) (m) *

s0il heat flux plate TP Delft -0.05 - -
(under plant)

soil heat flux plate TPO Delft -0.05 - -
{under soil)

r. measuring van and power generator
5. WsC-fower

t. wsc-albedo sensor

u. wsC-albedo sensor

v. TDR-plot

sonics were adjusted to the wind direction regularly

the infrared thermometer had an inclination of -45° with the horizontal

complete information about exact configuration is not available

the upper sampling tube was used to measure the absolute concentration, the rest were measured differentially
against this level

the infrared thermometers had an inclination of -57° with the horizontal

placed on top of the Stevenson screen

The height of the scintillometer is not exactly defined, as the underlying surface is not entirely flat

W R e
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2.2.3 Determination of available radiative energy
= Shortwave radiation

Three terms of shortwave radiation (0.3 - 3 pm) were measured during EFEDA-I:
incoming total, incoming diffuse and reflected total. For all these components Kipp cM5
pyrheliometers were used, consisting of a thermopile, shielded by a double dome filtering
light outside this range. Incoming total shortwave radiation (KJ' ) was measured at three
places (see Table 2.1): in the radiation mast, in the vU mast, and in the stand-alone mast. The
former two values were averaged to yield the best estimate of the incoming shortwave
radiation.

The diffuse radiometer was supplied with a solar shadow ring, which had to be
adjusted once every few days as the declination between the Earth’s rotation axis and the
orbit plane changed. Early in the peried the ring was not put in its proper position.
Comparison with data collected at a neighbouring site by WsC enabled selection of time slots
in which erroneous measurements were taken. Values in these time slots were rejected.

The reflected shortwave radiation, KT, was measured at three places as well: over a
parcel of bare soil, over a plant, and at 6 m height in the VU mast. The exact position of a
downward looking sensor is of great influence for the amount of received reflected
shortwave radiation. Apart from differences in reflection coeffictent between the plants and
the bare soil, local differences in soil humidity, iron content and plant density dictate a large
variability in the observed albedo, a (section 3.3).

L] Longwave radiation

From 18 June onwards an Eppley PIR longwave pyrgeometer was installed on top of
the Stephenson screen (see Table 2.1). By an internal body temperature measurement, the
instrument automatically corrects for the amount of longwave radiation being emitted by
itself. Only this corrected total incoming longwave radiation, Li, was registered.
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Furthermore, the radiometric surface temperature was measured at a number of
locations. A fixed Heimann KT14 was mounted at 4 m height on top of the radiation mast,
looking downward at an angle of 45°. The sensor was mounted in a white PVC housing
preventing it from heating errors, and supplied with a narrow view angle lens (4°). The
instrument determines the radiometric surface temperature by measuring the longwave
radiation in a band, where the emissivity of the emitting surface is high and the contribution
of atmospheric radiation is low. Generally, surface temperature is measured in the range
between 8 and 14 pm. Two newer Heimann KT15 with a 16° view angle objective were
installed near the stand-alone mast: one above a parcel of bare soil, and one above an
individual vine plant. The temperature measurements from these sensors were also used for
the present thesis. These three sensors were calibrated in Wageningen before the
experiment. Calibration was carried out by measuring the sensor signal given by a
blackened cylinder (with longwave emissivity € = 1) in a water bath with known
temperature.

Also, at two locations a 8-14 pm radiometric surface temperature sensor was moved
along a cable of + 30 m long, at 6 m height and at 3 m height (Van de Griend ef al., 1989).
Both transects lead over a number of vine plants, separated by stretches of bare soil. A
transect was run every 10 minutes, but the sensor crossed the distance in approximately 200
s. Every 2 s a measurement was taken, which corresponds to a spatial resolution of
approximately 30 cm. A Campbell 21X datalogger triggered the start of each transect and
registered the measured temperatures. The strategy to obtain the average surface
temperature is outlined in Appendix II.

L Net radiation

During EFEDA-I net radiation was measured with four Funk radiometers manu-
factured by Middleton (CSIRO). The heart of the sensor is a copper-constantan thermopile
between two blackened rectangular plates. On either side a thin (0.05 mm) poly-ethylene
hemisphere, transparent in both the longwave (3 - 3000 pm) and shortwave (0.3 - 3 pm)
range must be inflated by dry nitrogen gas, to avoid wind speed dependence of the sensor.
The instrument gives the total net radiation rather than separate upward and downward
components. Results from two net radiometers are used in this study, one sitzated 1 m over
a parcel of bare soil, and one at 1 m overhead the surface with a vine plant underneath. The
net radiometer at 6 m height in the vU-mast was not considered to give representative
readings due to mast shading, whereas the one used in the stand-alone station was regularly
used for net radiometer intercomparisons (see below).

An independent assessment of the net radiation is obtained by considering the
surface radiation balance, expressed as

Q, =(-aktsLt e oT? @1

sur

inwhich T, is an ‘effective’ surface temperature, defined as a area weighted average of
the plant and bare soil temperature (Blyth and Dolman, 1995}, Incoming and reflected
shortwave radiation was measured directly, as well as the incoming longwave radiation

from 18 June onwards. The upward longwave radiation can be obtained from the
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