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ABSTRACT

A summary of the papers presented at the workshop an "Preliminary Results of
Land Surface Processes Experiment (LASPEX-87) over Sabarmati basin”, held am
Anand, Gujarat {India) during November 1999 iz given, Recommendations and an

autlook for future work are indicated.
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Land surface processes play a
prominent role in exchange of momentum,
heat, water vapour, carbon dioxide and other
elements between the terrestrial ecosystem
and the atmosphere surrounding it, Nature of
lund use is an important factor and seasonal
influences such as those obtaiming in the semi-
arid regions of the Indian subcontinent
provide a variety of situations. Hot summers,
fallowed by monsoon raing, its aberrations
like monsoon breaks, floods and droughts,
its withdrawal and winter conditions visiting
these regions, cropping systems and cropping
pattern in the different seasons, soil type and
distribution of water resources representing
varied hydrological characteristics - all these
present a challenge in determining und
understanding the magnitude of the processes
and the exchange coefficients involved.
Joundary layer height variations, inversions,
and ather related thermodynamic processes
are ail affected by the nature of land surface
processes, dynamic in nature. General
circulation  models  (GCM)  for

prognostication of weather and climate are
triggered by the thermal and moisture
properties of the underlying land surfuce and
its interaction with the atmosphere close to
the ground, at macra, meso and micro scales.
Understanding the nature of these ever
changing dynamic processes under varying
conditions of land use, soil and vegetation
type and climate has been the abjective of
several land surface experiments carried out
in the different nations.

The Department of Science and
Technology (DST), Government of India
constituted a task force during November
1992 under the Chairmanship of Dr, RN,
Keshavamurthy, Director, IITM (Indian
[nstitute of Tropical Meteorology, Pune) to
formulate a multi-institutional and multi-
disciplinary research project en land surfice
processes (LSP) in the country. After due
deliberations, during March 1994, the project
proposal for undertaking the field experiment,
land surface processes experiment (LASPEX)

Journal Of Agrometeorology/ceety/308



Juneg-December 2001]

in the Sabarmati river basin in the Gujarat
State was approved. The TITM and Gujaral
Agricultural University (GAU, Anand
campus) were wdentified as the lead
institutions for project implementation, A
Steering Committee, constituted under the
Chairmanship of Prof. D.R. Sikka former
Director. IITM (Also Chairman, Project
Advisory and Monitoring Commitiee on
MONTCLIM (Monsoon and Tropical
Climate) and ICRP (Indian Climate Research
Program), DST) provided the necessary
scientific support in implementing the project,

A pilot experiment was organized at the
nodal location, Anand during April-Tuly 1995
a5 @ precursor to the main experiment
conducted at four more lecations - Derol,
Arnej, Sanand and Khandha during January
1997 1o March 1998, Part of the program was
extended until March 1999, Data on different
components of micro-meteorological,
hydrological and agricultural parameters were
continuously monitored. Further, intensive
observation periods (I0Ps) of 5-day duration
during 14-18 of every month were identified.
Several scientists from II'TM, GAU, India
Meteorological Department (IMD), National
Centre for Medium Range Weather
Forecasting (NCMRWE, New Delhi), Indian
Institute of Technology (IIT, Delhi),
Tawaharlal Nehru University (INU, New
Dethi), National Remote Sensing Agency
(NRSA, Hyderabad), Space Application
Centre (SAC, Ahmedabad) participated in the
year long observational program. The GAU
provided all the logistic facilities, and IITM
provided the necessary technical support.
IMD contributed in organizing special
radiosonde and low-level pilot balloon ascents
over the experimental region. Apart from
funding the LASPEX project, DST
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sanctioned sub-projects to other scientific
Institulions in analysis and modeling aspects
of the LASPEX data and also funded a science
workshop.

LASPEX DATA BASE

Data were generated using a 30 m tower
at Anand and 10 m towers at all the five
stations (including Anand). Slow and fast
response sensors were mounted on the towers,
Data on soils, crops and weather, energy
fluxes, upper air wind, and thermal structure,
remote sensing observations during [OPs
were monitored and collected, The
atmospheric data were quality checked at the
ITTM, Pune and data for four representative
months for the 10Ps representing different
seasons viz., summer and pre monsoon
(May), southwest monsoon (July), monsoon
withdrawal (September) and winter
{(December) were disseminated to the
participating scientists for analysis, The
results presented in this volume pertain to this
database. All authors names mentioned are
frem the papers in this issue.

FIRST NATIONAL WORKSHOP ON
LASPEX-97 - RESULTS

A national workshop on “Preliminary
Results of the Land Surface Processes
Experiment (LASPEX-97) over the
Sabarmati River Basin' was organized at the
Department of Agricultural Meteorology,
Gujaral Agricultural University, Anand
campus from 18-20" November 1999, Fifty-
seven research papers were presented and
discussed by participants from 19
orgarizations / institutions in the country. The
workshop consisted of seven technical
sessions followed by a concluding session,
A summary of the results and discussions,
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indicating authers' names, is as follows.

Land surface processes experiments - review
arted planning

At the outset, a review of previous
imternational experience and status of L3P
experiments were presented. The objectives
of these experiments, instrumentation,
organization of the technical program and
restlls were briefly dealt with {Rao, Vernekar)
and deliberated. These presentations formed
the backeround view of the currend status of
the land surface process experiment projects
conducted elsewhere i the world and also
the experience gained through the
MONTBLEX (Monsoon trough boundary
layer experiment) program conducted in India
in the year 1990, Need for improvements in
the tntegration of land-hydrological-
wmosphere interactions through modeling,
problems associated with parameterization of
exchange processes of water, energy, carbon
dioxide and other gases under both
homogenous and heterogencous conditions
of land use, and global scale modeling were
mentioned, Spatially distributed information
on the bio-geophysical properties and
temporal changes of the termestrial ecosystems
as provided by satellite data, are additional
inputs to investigate surface / atmosphere
cxchange processes, Inter institutional
cooperation  and  coordination  in
implementation of such programs,
development of numerical solutions,
simulation of planetary boundary layer
(PBL). use of satellite data in conjunction
with land surface data sets, experience gained
in model development, calibration and
validation were mentioned. Development of
algorithms for interpretation of satellite
measurements of land surface features,
interpretation and aggregation rules and their
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significance in modeling climate variability
were also brought out.

The physiography, climate, soil
characteristics, land vse, agroclimatic
features, cropping pattern of the experimental
region  which  represented  varving
characteristics both in space and time had
been dealt with i detail by Pandey, Kumar
and Shekh. Specification of instruments, their
heights of exposure along with periodicity of
data acquisition and averaging intervals were
summarized (Shekh, Vernckar and
Keshvamurthy) which indicate the
experimental set up both at the nodal station
and other locations., Bare soil f grass cover in
summer, sun hemp (a green manure crop) and
groundnut crops provided the surface cover
in the different seasons. Short and tall grass
situations, differing vegetation cover in the
representative months, which inlluence the
atmospheric processes or flux rates were
avatluble during the course of the experiment
nearand in the surroundings of the tower sites.
These conditions were considered ideal and
unigue for the LASPEX,

Radiation budget and impact of vegetation
on surface boundary layer

Radiation and energy budget over bare
and cropped surface, validation of a radiation
parameterization scheme using LASPEX-97
data, diurnal variations, and residual energy
flux over cropped surface formed the subject
matter of this session, Studics on radiation
profiles at 10 and 30 m tower sites al Anand
location (Shekh, Kumar, Pandey and Gajjar)
showed that net radiation was the lowest over
bare soii in December (winter) and the highest
over grass cover in May (surmmer), Changes
in ground and sensible heat fluxes due 1o wet
so0il conditions (relatively higher soil heat

Journal Of Agrometeorology/ceety/310



Tune-December 20001 ]

flux ) in July compared to May (pre-monsoon)
were indicated (Murthy, Dharmraj and Pillai).
Clay loam soils were found to have top dry
layvers and m loamy sand soils, wop laver was
comparatively wetter compared to the lavers
below indicating the different depths of
moisture extraction (Patil, Parasnis and
Vernekar).

Pollution and smag resulted in lower
levels of short wave radiation (Kumar, Gupta,
Shekh, Pandey and Patel). For validation of
a radiation parameterization scheme, surface
radiation fluxes prognosticaled using
NCMRWE operational model were compared
with the fux observations (George). A first
order weighting factor for temperature,
introduction of a weighting factor for
dewnward long wave radiation flux and
introduction of dust particle werosol in the
NCMRWE model were found necessary.

Flux characteristics in the surface layer

Momentum and heat flux characteristics
in relation to atmospheric stability, estimates
using sumilarity theory were presented for
discussion in this session. Maxima of
momentum flux occurred at 1600 hrs. ST at
the LASPEX sites (Patil, Murthy and
Farasnis). Clay soil locations showed higher
momeantum flux compured to lower values al
sites with loamy sand soil. With increasing
atmospheric stability, there was a decrease in
drag and heat exchange cocfficient values.
Variations in residual flux were related o
plant (groundnut crop) height and hiomass
(Padmanabhamurty and Saxena), AE/PE ratio
wis parameterized with pan evaporation
values for monsoon and non-moensoen
months. Acrodynamic method resulted in
higher residual flux values whereas Bowen
ratio methed gave relatively lower values,
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Polynomial relations were derived between
residual fluxes and plant biomass at ditferent
growth phases of groundnutcrop. Plant height
gave a linear relationship with residual flux,

Momentum flux estimated by bulk
aerodynamic method was lower than those
measured by eddy correlation method (Shekh,
Pandey, Kumar and Savani). Tower data and
Sonic anemometer observations were used.
Sensible heat flux showed an underestimale
in summer (bare soil) and overestimartes
funder crop cover) during the rest of the
S2A50NS.

Boundury laver flux estimates within a
30 m layer above ground using Monin-
Obukhov similarity theory at Anand {Singh,
Simon and Joshi) for both stable and unstable
conditions revealed presence of isolated sub
layers rather than a constant surface during
convective periods. Momentum flux
decreased with increase in degree of stability
in winter {December), and increased with
increase in degree of stability in summer
(Mayv)and July (monsoon). Two lactors noted
in this connection were (a) similarity theory
used potential temperature rather than virtual
temperature (b) eddy correlation values were
measured at one height where as similarity
theory uses temperature structure of the entire
surface layer.

Heat Muxes derived from two measuring
systems at hourly intervals-capacity probe for
relative humidity and sonic anemometer
vilues at hourly intervals were compared at
Anand (Sinha and BFillai), With relative
humidity at 60%, the values showed
agreement while deviations occurred above
or below this value of relative humidity,
Transition from one type to the ather type of
stability showed large deviation between
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observed and computed values,

Wind, surface processes and soil
temperature

kelations between wind speed, frictional
velocity, drag coefficient, wind direction for
Anand location under sun hemp crop cover
ware presented (Kumar, Cruptit, Fandey,
Shekh and Parmar), Linear curve was fitted
between drag coefficient and wind velocity.
Drag coeflicient increased with roughness
length significantly in the monsoon
withdrawal period. Impact of vegetative cover
on the ejection and sweep processes in the
atmospheric surface layer (Kulkarni and
Sadani) showed variation in structural
characteristics of intermittent ejection and
sweep events with surface drag and
atmospheric stability. Tall and short grasses
introduced different type of drag conditions
leading 1o roughness differences, Events,
mntermittent in nature, were found to depend
on surface drag rather than on atmospheric
stability. Rough surfaces introduced large
ntermittency in sweep and ejection process.
Maximum contribution to the processes was
from middle scale eddies.

Using 24-hour soil temperature values,
at 5 ¢m depth at hourly interval, thermal
properties of soil were computed (Sinha) to
predict diurnal variations in land-surface
iemperature. A time-tendency term for surface
temperature and a trigonometric (sine) forcing
term as a function of damping depth were
used in the expression. Artificial neural
network technique was used to predict soil
temperature at 0-5 cm depth using time and
air temperature (George, Rammohan,
Kulshrestha, Shekh and Jaita).
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Remote sensing for estimation of soil
moisture and surface fluxes

NIMBUS-7 SMMR data (May to July)
of 1984 (good monsoon) and 1987 (drought
vear) were used to develop an algorithm for
estimation of soil moisture (Rao, Thapliyal,
Pal, Manikiam and Dwavedi) over the whale
Indian region, Antecedent precipitation index
and brighiness temperature relation was used
ta represent soil moisture, assuming ramnfall
as @ mijor forcing variable for soil wetness,
SMMR data at 10GHz for H polarization was
markedly sensitive to soil moisture variation,

Validation of roughness length, surface
temperature, and sensible heat flux derived
from remote sensing WiFS, NOAA, AVHRR
data (Gupta, Prasad and Vijayan) were
presented. Corrections were applied to
AVHRR radiance values for sensor
degradation, atmospheric scattering and scan
angle effects before computing NDVL
Surface temperature, sensible heat flux from
NOAA/AVHRR data matched closely with
ground truth measurements during LASPEX.
Results also showed that estimation of
roughness length using NDVI is relevant for
vegetated areas only. For bare soil, it was
suggested that standard values or new
methads - a NDVI based roughness value over
non- urban areas may have to be devised,

Boundary layer modeling and surface fluxes

Boundary layer structure, modeling,
parameterization of variables, and comparison
with measured surface fluxes were the topics
dealt with in this session. Assessment of the
validity of the operational models in use at
NCMRWF in estimating surfiace fluxes has
been an important part of this exercise and IS
of operational significance.
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Results from a single column LSP
model and NCMEWF model showed under-
prediction of temperatures and lower diurnal
variption (Rajagopul). Soil temperature
parameterization scheme necds modilication,
From results of comparison of two models,
1-80 and T-126, Sanjay, Iyer and Singh
suggested need for modification of the soil
heat flux model as also the cumulus
parameterization scheme as the present
madels gave underestimates of lemperature
and mixing ratio as also their diurnal
varlation. Simulation of planetary boundary
layer (PBL) by ARPS (Advanced Regional
Prediction System) in a 2-dimensional, non-
hydrostatic meso-scale madel was discussed
by [Xas, Mohanty, Satvanarayana and Sarkar,
Conlrusts between summer and winter
seasons were presented, Their results showed
that the model has a tendency to keep a laver
af maximum wind at the same height
throughout the day both in summer and winter
(May and December). Compared to other
varmables, in the different parameterization
schemes, meridional wind seemed to be more
affected, Inconsistency was nated in the
imdividusl estimates of surface fuxes, Model
panmeters 0 agreement and non-agreement
with observations had been identified.

In a presentation by Parasnis, Kulkarni
und Pillai, results from a one dimensional
ABL model (a combination of a boundary
Layer model and a two layer seil model) gave
variations in boundary laver height with the
progress of the day and attainment of
maximum hetght at 1300 hrs. Five-day
forecasts generated using NCMRWF
operational  model (Basu) vielded
underestimmates of temperatures both in
summer and monsaon (May and July)
seasons, with overestimates in December
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Closure and non-local closure (NLC) schemes
were compared which showed comparatively
better estimates of sensible heat flux with
NLC scheme. Comparison of PBL structure
between summer and MoNsoon S8as0ns Was
discussed (Seetaramavya, Tyagi, Nagar and
Murthy). Estimates of convective boundary
layer (CBL) during monsoon were made
(Murthy and Parasnis). Conserved variable
analysis was followed in both these studies
and thermodynamic classification of
radiosonde duta was done. Results indicated
thit {i) & three layer structure of sub-cloud,
cloud and inversion of convective boundary
layer was apparent (b) during monsaon
season, both surface insolation and ¢lowd
processes together contribute to the growth
af CBL (¢) active mensoon period is
associated with both shallow / deep
convective activity and {d) CBL height is
insensitive to local surface fluxes during
MONS00Nn Season,

In o presentation of results on numerical
stmulation of sexsonal variations of boundary
layer at Apnand location, using ong
dimensional PBL model with one and hall
TKE closure scheme (Satyanarayana,
Mohanty, Lykossov and Sam), atmospheric
boundary layer was partitioned into two sub
domains; & near-surface constant flux layer
and a free armosphere top interfacial laver,
Net radiation fluxes in summer and monsoon
were overestimated while in other seasons,
lesser deviation of estimates from
measuremnents were obtained. High values of
TEE were noticed in May, Tollowed by July
and December, and with lower magnitudes
in September. In general, while both over and
underestimates were obtained in summer and
mansoan seasons, Simulation of surface
Muxes was relatively better in post monsoon
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and winler scasons,

In the overall discussion in the
concluding session, it emerged that the
ohjectives have been lurgely achieved and rich
expetience gained in planning, coeperation
und coordination in implementation of the
experimental program by the different
parncipating scientists and institutions.
Bottlenecks did exist in respect of instrument
lwilure on occasions, and in obtaining
centimuous records. Quality cheek of dita had
aiven useful results, which are encouraging.
Maodels and purameterization schemes do
need modification, but it wus passible through
this experiment, where to look into, for this
purpose. A point frequently mentioned in the
discussion was that these are preliminary
results from expernmentation over a specific
region for only representative 10Ps, and the
results should be taken as a guideline. When
complete datasets are analysed, one could
expect significant results to emerge providing
an msight into the role of surface processes
in triggering several variations in the
boundary laver structure and, efforts in this
direction should continue.

REMARKS AND RECOMMENDATIONS

[mplementation of the LASPEX has
provided a long felt opportunity for the
participating scientists in the country to gain
first hand experience in planning and
conducting land swrlace process experiment
with inter-institutional collaboration,
maintenance and working of equipment, data
acquisition, quality check procedures, data
processing and analysis. This indigenous
effort has placed India among other select
nations, which had carried out large-scale
observation programs related to land surface
processes 1n the past decade and half.
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Availability of human resources at
difterent skill levels is very crucial for the
successful conduct of such a distributed field
experiment. Threiadbare Management Plan
with clearly defined contingency plans is
crucial. A system analysis document of this
experiment may be prepared foruse in future
experiments, to foresee any possible
impediments for taking corrective action.

The project has yielded preliminary but
useful results, which need to be consalidated
and substantiated through experimentation for
another 3 years in the same basin
Hydrological component has to be added in
the technical program of future experiments
af similar nature.

A comprehensive and composite picture
of energy and water balance of the basins
where LASPEX type cxperiments are to be
undertaken 1s a prerequisite. Efforts have 1o
be directed in preparing such a document
through specified research programs,

Preliminary results presented at this
workshop have repeatedly shown both
overestimates and underestimates of the
fluxes and boundary layer components, This
calls for a close scrutiny of the assumptions
and boundary conditions preseribed m the
source codes of the boundary layer and
general circulation maodels, Parameterization
schemes need to be modified wherever
necessary,

Avatlability  of  indigenously
manufactured and calibrated sensors (wind,
temperature, humidity, radiation ete. ) used in
micrometeoralogical studies in large
numbers, continues to be 4 serious handicap
in maintaining continuity of observations and
avoiding gaps in data. Also for replicating
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such experiments at other locations with
widely varying land use and climate
situations, this has been a restraining factor,
which needs to be corrected ar the carliest,
Luarge waiting time for sensor replacement
lzads to upsets in observation scheduole and
loss of cructal data,

Emphasis should be placed on linking
the objectives and targeted results of similar
experiments with remote sensing technigues.,
Support to more ground truth surveys,
svnchronizing and coordinating these, with
intensive ohservation  schedule 15
recommended.

Informution an Bmissivity
characteristics under varving land use and
cropping patterns is meager, This gap has o
be filled through systematic studies over
several sites in the country.

In land vse based experiments such as
the LASPEX, efforts should be made to plan
crop phenology based observations under
cloudy, partly clondy and clear sky conditions
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and build up response curves or functions. In
addition to statistical analysis, use of dynamic
simulation approach wherever applicable, 15
recommended.

Huoman resource development with
emphasis on comprehensive nterdisciplinary
course conlents 10 meteorology, physics,
agriculture, statistics, instrumentation and
remote sensing technology, etc., is very
crucial for successtul conduct of field projects
like the LASPEX. Post-graduate teaching and
training workshops in such interdisciplinary
areds may be supported.

Creganization and  éxlension ol
LASPEX type of programs to new sites of
synoptic weather significance and varicd
agricultural practices is recommended. The
output from such programs, it is hoped would
tead to improved prognoesis of weather events
and results of practical significance from
general cireulation models.
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