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Executive summary

The atmospheric boundary layer (ABL) is the lowermost part of the troposphere where direct interactions with the
Earth’s surface take place (Kotthaus et al., 2023). It plays a crucial role in the exchange of momentum, heat,
moisture, aerosols, greenhouse gases and other atmospheric gases between the Earth’s surface and the
atmosphere. A deep understanding of the process and quantitative knowledge of ABL dynamics is greatly valuable
for a wide range of applications with high social, economic and health impact (Han et al., 2009; Vajda et al., 2011;
Pefia et al., 2016; Barlow et al., 2017).

Satellite data are particularly significant for global scale analysis because of their spatial coverage. The COSMIC-2
mission, launched in 2019, can provide radio-occultation data at high levels through deep tropospheric
penetration. Its observations may allow from improving the detection of the ABL height.

The activities conducted during the TNA helped to reduce the uncertainties related to ABL and its height estimation

and originated the proposal of an improved algorithm to retrieve the ABL height from COSMIC-2 refractivity profiles.

Scientific objectives

This project aimed to implement, validate and tune new satellite methodologies based on radio occultation for ABL

monitoring, with the help of microwave radiometer and radiosounding data.

Reason for choosing station/ infrastructure

EVASO, managed by the Instituto de Ciéncias da Terra — Universidade de Evora (ICT-UE) in Portugal, was the
facility selected, not only for their high-qualified expertise in active/passive remote sensing techniques (microwave
radiometer, EARLINET lidar, photometers), radiosonde systems and skills in satellite products and modelling, but
also due to their participation in numerous research campaigns and national/international initiatives related to ABL
such as COST Action TOPROF and COST Action PROBE. It is worth noting the availability in EVASO of a
microwave radiometer 4G, which provides the required accurate profile data to compare to the variables retrieved

by COSMIC-2.
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Activities during the TNA (research, training, events, ...)

During the TNA the following main tasks were carried out:

T1: training on microwave radiometer G4, including getting familiar with its retrievals and products.

T2: implementation of methodology to retrieve the ABL height from COSMIC-2 data using approaches based on
refractivity. This methodology was applied to the COSMIC-2 database from October 2019 to March 2023, in the
domain 45°S-45°N.

T3: designing an effective strategy for validation of ABL height estimates from COSMIC-2 data using microwave
radiometer and radiosonde data, considering spatial and temporal issues as well as methods based on refraction
and thermodynamic profiling.

T4: satellite estimates validation using microwave radiometer and radiosonde data: implementation considering the

outcome from T3.
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Method and experimental set-up

There are numerous methodologies to estimate the ABL height (ABLH), which involve different meteorological
variables and both physical and empirical background:

- Minimum refractivity gradient (MRG): height where the minimum refractivity gradient is found (Seidel et al., 2010).
- Lowest significant gradient: height of the lowest negative refractivity gradient peak whose magnitude is at least
80% of MRG (Santosh, 2022).

- Parcel method: height where potential temperature is the same as that than at the surface (Holzworth, 1964).

- Liu and Liang method (2010): height where potential temperature is 0.5 K higher than that at the surface and
temperature potential gradient is at least 4 K/km.

- Range-corrected signal (RCS) gradient method (Menut et al., 1999): this algorithm varies depending on the
presence or not of decoupled layers:

a) Absence of decoupled layers: ABLH is considered as the height where RCS minimum occurs.

b) Presence of decoupled layers: ABLH is considered the height where the highest negative RCS peak is found in
the first region of negative derivative.

All these methods were applied to the available data from instruments installed at EVASO (microwave radiometer,
lidar, radiosondes). The values obtained were compared via linear regressions to the ABLHSs retrieved from
refractivity profiles from COSMIC-2 to develop an optimum algorithm to compute ABLH from COSMIC-2 data.
Similarly to Santosh (2022), the determination of such an algorithm consisted in finding a percent parameter (1)
representing the minimum relative (to MRG) magnitude of a negative refractivity gradient peak to be considered the
ABL height. The numerical value of T was chosen according to a goodness of fit function (Eq. 1) that took into
account the regression coefficient (R), the slope (m) and the number of obsevations (n) assessed in the linear
regression. The analysis was split in three periods during day: daytime, nighttime and sunrise/sunset.

Equatiion 1: f = R * exp(-(m-1)"2/n)
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Preliminary results and conclusions

Optimum values of T were 69%, 68% and 60% for daytime, nighttime and transition periods, respectively (Figure 1).
The proposed algorithm to retrieve ABLH from COSMIC-2 refractivity profiles assigns then the ABLH to the lowest
height where a negative refractivity gradient peak whose magnitude is at least 69%, 68% or 60%, in relation to the
minimum refractivity gradient, depending on the phase of the day (daytime, night of sunrise/sunset), is found. Best
agreements (highest values of the goodness of fit function) were achieved during daytime, when ABL'’s structure is
usually simplest and its top is well defined. During nighttime, sunrise and sunset, the recurrent presence of different
sublayers within the ABL can create confusion to the algorithm, which could assign the ABLH to the top of another

layer, leading to worse accords between ABLHs from different methodologies.

The implementation of the derived algorithm to compute the ABLH mean field for the periods December-Febraury
(DJF) and June-August (JJA) leads to the maps represented in Figure 2. The smallest values of ABLH are found in
the Intertropical Convergence Zone (ITCZ), independently on the season (ABLH < 0.5 km above surface for any
season considered). The highest ABLHSs are located in continental zones between 5°S and 20°S during the winter
season (JJA in the Southern Hemisphere), reaching 2 km above surface in inland Brazil. These regions also seem

to have a great seasonal variability as during DJF period ABLH decreases more than a kilometer.

Outcome and future studies

Despite the advances made by this work in the study of ABLH more research is needed to further enhance the
understanding of the ABL dynamics. In line with this, future studies shall extend the databases, address other

seasons and analyse the intradiurnal variability, if possible
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1. Short executive summary (can be made available to reviewers and EU experts)

The atmospheric boundary layer (ABL) is the lowermost part of the troposphere where direct interactions
with the Earth’s surface take place (Kotthaus et al.,, 2023). It plays a crucial role in the exchange of
momentum, heat, moisture, aerosols, greenhouse gases and other atmospheric gases between the Earth’s
surface and the atmosphere. A deep understanding of the process and quantitative knowledge of ABL
dynamics is greatly valuable for a wide range of applications with high social, economic and health impact
(Han et al., 2009; Vajda et al., 2011; Pefia et al., 2016; Barlow et al., 2017).

Satellite data are particularly significant for global scale analysis because of their spatial coverage. The
COSMIC-2 mission, launched in 2019, can provide radio-occultation data at high levels through deep
tropospheric penetration. Its observations may allow from improving the detection of the ABL height.

The activities conducted during the TNA helped to reduce the uncertainties related to ABL and its height
estimation and originated the proposal of an improved algorithm to retrieve the ABL height from COSMIC-2
refractivity profiles.
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3. Scientific objectives

This project aimed to implement, validate and tune new satellite methodologies based on radio occultation
for ABL monitoring, with the help of microwave radiometer and radiosounding data.

4. Reasons for choosing the Facility/ies

EVASO, managed by the Instituto de Ciéncias da Terra — Universidade de Evora (ICT-UE) in Portugal, was the
facility selected, not only for their high-qualified expertise in active/passive remote sensing techniques
(microwave radiometer, EARLINET lidar, photometers), radiosonde systems and skills in satellite products
and modelling, but also due to their participation in numerous research campaigns and national/international
initiatives related to ABL such as COST Action TOPROF and COST Action PROBE. It is worth noting the
availability in EVASO of a microwave radiometer 4G, which provides the required accurate profile data to
compare to the variables retrieved by COSMIC-2.
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5. Activities during the TNA (research, fraining, events, ...)

During the TNA the following main tasks were carried out:
T1: training on microwave radiometer G4, including getting familiar with its retrievals and products.

T2: implementation of methodology to retrieve the ABL height from COSMIC-2 data using approaches based
on refractivity. This methodology was applied to the COSMIC-2 database from October 2019 to March 2023,
in the domain 45°S-45°N.

T3: designing an effective strategy for validation of ABL height estimates from COSMIC-2 data using
microwave radiometer and radiosonde data, considering spatial and temporal issues as well as methods
based on refraction and thermodynamic profiling.

T4: satellite estimates validation using microwave radiometer and radiosonde data: implementation
considering the outcome from T3.

6. Method and set-up of research

There are numerous methodologies to estimate the ABL height (ABLH), which involve different
meteorological variables and both physical and empirical background:

- Minimum refractivity gradient (MRG): height where the minimum refractivity gradient is found
(Seidel et al., 2010).

- Lowest significant gradient: height of the lowest negative refractivity gradient peak whose
magnitude is at least 80% of MRG (Santosh, 2022).

- Parcel method: height where potential temperature is the same as that than at the surface
(Holzworth, 1964).

- Liu and Liang method (2010): height where potential temperature is 0.5 K higher than that at the
surface and temperature potential gradient is at least 4 K/km.

- Range-corrected signal (RCS) gradient method (Menut et al., 1999): this algorithm varies depending
on the presence or not of decoupled layers:
a) Absence of decoupled layers: ABLH is considered as the height where RCS minimum occurs.
b) Presence of decoupled layers: ABLH is considered the height where the highest negative RCS

peak is found in the first region of negative derivative.

All these methods were applied to the available data from instruments installed at EVASO (microwave
radiometer, lidar, radiosondes). The values obtained were compared via linear regressions to the ABLHs
retrieved from refractivity profiles from COSMIC-2 to develop an optimum algorithm to compute ABLH from
COSMIC-2 data. Similarly to Santosh (2022), the determination of such an algorithm consisted in finding a
percent parameter (1) representing the minimum relative (to MRG) magnitude of a negative refractivity
gradient peak to be considered the ABL height. The numerical value of T was chosen according to a goodness
of fit function (Eq. 1) that took into account the regression coefficient (R), the slope (m) and the number of
obsevations (n) assessed in the linear regression. The analysis was split in three periods during day: daytime,
nighttime and sunrise/sunset.

Equation 1

(112
f=Rexp (_(mn ) )
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7. Preliminary project results and conclusions

0.7

140 4

25 0.6
a0 4

0.5

EER

A0 A 0.4

ToosMic
=
o
3

f
0 0.3

0.2
55 0.1

0.0
e e SRR BB AR RN,

Ground-based methods

(a) Daytime

0.7
0.6
0.5

0.4

ToosMic

0.3

0.1

0.0
s-%@%%{;‘ @%&% ,D??:% % @,%9%44%@% R R R R L R R ?‘2:.%‘4:%

Gluund based methods

(b) Nighttime

ToosMic
=
o
3
-

9{% %1%‘% 9%&% %:%44, @,;;:% % % Sen Y Yy ?\g]?ea:?&-?i
Ground-based methods

(c) Sunrise/sunset

Figure 1: Tables showing the values of the goodness of fit function obtained
from comparing the ABLHs computed from COSMIC-2 data with the rest of
methods. Vertical axis refers to the values of T applied to COSMIC-2 data,
whereas horizontal axis correspond to the validation methodologies.

Optimum values of Tt were 69%, 68% and
60% for daytime, nighttime and transition
periods, respectively (Figure 1). The
proposed algorithm to retrieve ABLH
from COSMIC-2 refractivity profiles
assigns then the ABLH to the lowest
height where a negative refractivity
gradient peak whose magnitude is at least
69%, 68% or 60%, in relation to the
minimum refractivity gradient,
depending on the phase of the day
(daytime, night of sunrise/sunset),
found. Best agreements (highest values of
the goodness of fit function) were
achieved during daytime, when ABL’s
structure is usually simplest and its top is
well defined. During nighttime, sunrise
and sunset, the recurrent presence of
different sublayers within the ABL can
create confusion to the algorithm, which
could assign the ABLH to the top of
another layer, leading to worse accords
between ABLHs from different
methodologies.

The implementation of the derived
algorithm to compute the ABLH mean
field for the periods December-Febraury
(DJF) and June-August (JJA) leads to the
maps represented in Figure 2. The
smallest values of ABLH are found in the
Intertropical Convergence Zone (ITCZ),
independently on the season (ABLH < 0.5
km above surface for any season
considered). The highest ABLHs are
located in continental zones between 52S
and 209S during the winter season (JJA in
the Southern Hemisphere), reaching 2 km
above surface in inland Brazil. These

regions also seem to have a great seasonal variability as during DJF period ABLH decreases more than a

kilometer.
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Figure 2: ABLH mean fields for DJF and JJA periods from COSMIC-2 data using the algorithm proposed to retrieve ABLH from
profiles of refractivity.

8. Outcomes and future studies

Despite the advances made by this work in the study of ABLH more research is needed to further enhance
the understanding of the ABL dynamics. In line with this, future studies shall extend the databases, address
other seasons and analyse the intradiurnal variability, if possible.

9. Plans for publications

The results are planned to be disseminated in PROBE and ACTRIS meetings (e.g. ACTRIS Week 2023). Other
international conferences can be considered such as EGU2024, EMS2024 or WLMLA2025.
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