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Chapter 6

Summary and Conclusions

Introduction

Observations from Earth-orbiting satellites have been a key component in monitoring cli-

mate change for the past two decades. Because of its cloud penetrating properties and day-

and nighttime observations, passive microwave remote sensing has attracted scientists from

various research fields. Now, with a 30 year historic record available and many more satel-

lite missions planned, passive microwave remote sensing is finding still more applications.

Hydrologists from the Vrije Universiteit Amsterdam and NASA Goddard Space Flight Cen-

ter have collaborated on the development of a soil moisture data set based on this 30 year

record. As part of this effort, the land surface temperature has received much attention.

This thesis addresses the link between the physical temperature and the radiative tem-

perature of the land surface. Improved knowledge of the temperature of the emitting layers

will benefit the retrieval of soil moisture and vegetation density parameters from passive mi-

crowave observations. A model for the near surface temperature profile is developed and a

parameterization for the effective temperature is developed for L-band radiometry. In the fi-

nal chapter, a numerical weather prediction model is coupled with a radiative transfer model

to compute the brightness temperature on the top of the atmosphere. This model facilitates

further research on the radiative transfer model.

Land Surface Temperature

An alternative to thermal infrared satellite sensors for measuring land surface temperature

(Ts) is presented. The 37 GHz vertical polarized brightness temperature is used to derive Ts

because it is considered the most appropriate microwave frequency for temperature retrieval.

This channel balances a reduced sensitivity to soil surface characteristics with a relatively

high atmospheric transmissivity. It is shown that with a simple linear relationship, accurate

values for Ts can be obtained from this frequency, with an accuracy of 1 K for 70 % of

the non desert land areas of the globe. Desert regions cannot be accurately described with
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this method because variable surface conditions become important. The precision of the

retrieved land surface temperature is expected to be between 2 and 3 K. This method allows

the construction of a consistent 30-year land surface temperature history, which would be

an important addition to traditional infra-red derived products. With several microwave

radiometers currently in orbit, this method can also be used to observe diurnal temperature

cycles. Because the partitioning of the surface energy balance is strongly related to surface

temperature, the amplitude of the diurnal temperature variation can be of value for studies

of latent and sensible heat fluxes at a global scale.

Surface Temperature Profiles

Two field data sets are used to study models of near-surface soil temperature profiles in a

bare soil. It is shown that the commonly used solutions to the heat flow equations by Van

Wijk perform well when applied at deeper soil layers, but result in large errors when applied

to near surface layers, where more extreme variations in temperature occur. The reason for

this is that these approaches do not consider heat sources or sinks below the surface. This

thesis proposes a new approach for modeling the surface soil temperature profiles from a

single observation depth. This approach consists of two parts: 1) modeling an instantaneous

ground flux profile based on net radiation and the ground heat flux at 5cm depth; and 2)

use of this ground heat flux profile to extrapolate a single temperature observation to a

complete surface temperature profile. The new model is validated under different field and

weather conditions showing low RMS errors of 1-3 K for wet to dry conditions. Finally,

the proposed model is tested under limitations in input data that are associated with remote

sensing applications. It is shown that these limitations result in only small increases in the

overall error.

Effective Temperature for L-band radiometry

An accurate value of the effective temperature is critical for soil emissivity retrieval, and

hence soil moisture content retrieval, from passive microwave observations. Computation of

the effective temperature needs fine profile measurements of soil temperature and soil mois-

ture. The availability of a two year long data set of these surface variables from SMOSREX

(Surface Monitoring Of the Soil Reservoir EXperiment) makes it possible to study the effec-

tive temperature at the seasonal to inter annual scale. This study shows that present parame-

terizations do not adequately describe the seasonal variations in sensing depth. Therefore, a

new parameterization is proposed that is stable at the seasonal to inter- annual scales while

retaining simplicity.
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Microwave Emission Model

The community microwave emission model is presented that will facilitate research on first

guess errors in L-band data assimilation. A numerical weather prediction model is coupled

with a radiative transfer model to compute the brightness temperature on the top of the

atmosphere. An error propagation study is performed on errors introduced through: (1) the

parameterizations of the radiative transfer model, (2) auxiliary geophysical quantities for

the radiative transfer computations, and (3) an imperfect NWP model. It is found that of the

parameterizations studied, the vegetation model and the dielectric model introduce largest

potential errors. However, the biggest error in brightness temperature is likely related to

the use of an auxiliary vegetation database. These potential errors are often higher then the

variance in the top of atmosphere brightness temperatures as related to an imperfect NWP

model.

As a preliminary calibration/validation study, CMEM has been used to compute global

L-band brightness temperatures at the top of the atmosphere. The input data comprise sur-

face fields from ECMWF’s 40-year Re-Analysis (ERA-40) and vegetation data from the

ECOCLIMAP data set. Modelled brightness temperatures have been compared against (his-

toric) observations from the S-194 passive microwave radiometer onboard the Skylab space

station. Using globally constant values for surface roughness and the structure coefficient

it is possible to get almost bias free brightness temperatures on the continental scale, which

could be used in Best Linear Unbiased Estimate (BLUE) based data assimilation systems.

Perspectives

This thesis leaves open many routes for future research. The land surface temperature, vali-

dated against field sites, will have to be compared to global infra red temperature products.

It is expected that the two methods will be complementary in several ways. First, the Ka

band temperature can possibly be used to screen cloud data from the IRT measurements.

Second, the IRT data can be used to verify and possibly mitigate the bias in the Ka band

temperature. If both of these studies are successful, the IRT and Ka band can possibly be

merged in a superior product with many fewer gaps than the individual products separately.

Modelling temperature profiles at a global scale will present some extra challenges that

have not been addressed at the bare soil sites. Two important ones are that: 1) the course

spatial resolution of the global net radiation products that are currently available, and 2)

expanding the method to vegetated surfaces will require an extra module that accounts for

the reduction in the net radiation arriving at the soil surface. Although vegetation will make

the processes more complex, it also has the effect of reducing the temperature gradients so

that the potential errors will decrease with vegetation.

At the European Center for Medium range Weather Forecasts (ECMWF), the commu-

nity microwave emission model (CMEM) is currently being prepared for the operational

phase. A stand alone version is available for the research community. Potentially, this can

be a platform to compare and discuss new parameterizations and methods.
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An ultimate combination of all the ingredients of this thesis would center around CMEM

and facilitate soil moisture retrieval from the planned L-band radiometer on the Soil Mois-

ture and Ocean Salinity satellite (SMOS). In this approach the IRT and Ka band observa-

tions would be used to obtain the land surface temperature, which is currently inaccurate

in ECMWF’s integrated forecast system (IFS) and not used for CMEM. With the profile

method the 5 cm soil temperature can then be computed. This 5 cm temperature and the

50 cm temperature from the IFS can than be used to calculate the effective temperature for

L-band and use this in the emission model. Because of the large uncertainties related to the

vegetation database and models, it is proposed to use the observed microwave polarization

index directly at L-band to parameterize the vegetation optical depth in the emission model.

In this way, uncertainties in the temperature and vegetation will be limited and the data

assimilation can focus on adjusting the soil moisture values.
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