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WP 3 

 
Development of retrieval algorithms.  

(Deliverable 10)  

Work-package objective:  
To develop algorithms for retrieving macroscopic (i.e. cloud coverage, top bottom) and 
microphysical properties (i.e. optical extinction, effective particle size) using lidar, radars and 
other instruments. 

1 Introduction   

This report presents the algorithms developed and used throughout the CloudNet project. The 
algorithms are presented and discussed in terms of their applicability, their strengths and their 
weaknesses. The algorithms are organized into the following types:  

1. Target Classification (i.e. Cloud/aerosol mask, cloud tops and bottoms, cloud phase 
identification) 

2. Water Cloud retrieval algorithms (i.e. Effective particle size, liquid water content 
(LWC) profiles) 

3. Ice Cloud retrieval algorithms (i.e. Effective particle sizes, ice water content profiles 
(IWC)) 

4. In cloud turbulent energy dissipation rate.  

The focus of this document is generally limited to the algorithms directly associated with the 
level 2 (meteorological) products. The generation of subsequent datasets specifically for 
comparison with atmospheric models (level 3 data) is, however, and discussed within this 
document.   

In the remainder of this document, the CloudNet processing scheme is discussed according to 
the outline given above. A brief summery of the main characteristics of each algorithm is 
given and its application within CloudNet is discussed. Where appropriate, general 
observations and recommendations related to specific algorithms performance and specific 
use within CloudNet will be given.  To describe all the algorithms employed or investigated 
within the CLODUNET project in great technical detail would be unwieldy; instead, brief 
technical descriptions of each algorithm with links or references giving even more 
information are given in various appendices. .   



2 Target Classification (Cloud macrostructure)  

The cloud macrostructure algorithms combine various instrument data in order to classify the 
vertical structure of the atmosphere being sensed according to the presence or absence of 
clouds.  The Cloudnet target classification is a fundamental part of the CloudNet retrieval 
process. The classification procedure combines lidar, radar and other measurements the 
target classification procedure identifies areas of aerosol, water or iced cloud and clear sky 
and serves as guiding input to various other subsequent quantitative algorithms. Associated 
with the classification procedures are procedures to assess other macroscopic cloud 
properties such as cloud top and cloud coverage. During CloudNet it was found that the 
combination of lidar, radar and microwave radiometer measurements are essential to properly 
classify general cloudy atmospheres. A brief overview of the algorithms/procedures used 
within CloudNet is presented in Table 2-1. Detailed descriptions for each entry may be found 
in Appendix A: The CloudNet classification and cloud macroscopic procedures.  

Procedure Input Outputs Remarks 
Level 1c  
Instrument  
Synergy /  
Target 
 Categorization 

-Radar Ze 
-Radar Vd 
-Radiometer LWP

 

-Rain Gauge 
-Model Fields 

Classification  
and data quality  
flags 

Primary CloudNet 
classification product 

Level 2a Target 
Classification and  
Cloud Boundaries 

-Level 1c data  
(above) 

As above but 
Simplified  
information 

Based on level 
1-c procedure 

Level 2b Cloud  
Fraction 

-Level 2a and 1c  
data (above) 

Cloud fraction  
(observed and from 
various models) on  
specific model grids  

Each  model has its 
own associated data set.  

Level 3 Cloud  
Fraction Evaluation 
Statistics 

-Level 2b data   Cloud fraction  
statistics on specific 
model grids 

Specifically for model 
Evaluation. Each model 
has its own associated  
data set.  

CAPRO-CP (Cloud 
Aerosol Properties 

 

Cloud Phase) 

-Lidar  
Depolarization  
ratio 

Cloud phase 
(ice or liquid)  

Requires depolarization 
lidar  Supplementary 
CloudNet product 

STRAT (STRucture 

 

of the ATmosphere)

 

-Lidar backscatter Cloud, aerosol  or 
Clear-sky flag 

Lidar only classification 
scheme. Requires lidar 
operating in visible.  
or ultraviolet (Supplementary 
CloudNet product.) 

Table 2-1: CloudNet target classification algorithm/procedures.   



3 Water Cloud Algorithms 
The retrieval of water content has been the focus of most algorithms directed towards 
quantitative water cloud property retrievals. These algorithms generally use data from 
microwave radiometer, lidars and or radars. However, effort has also gone into methods that 
do not use microwave radiometer data (which has not been available at all times for all sites).  
The water cloud algorithms developed or employed during CloudNet are listed below in 
Table 3-1. 
It should be noted that only non-precipitating cases are considered. Precipitation reaching the 
ground adversely affects the radar and microwave radiometer observations. More detail; can 
be found in Appendix B: CloudNet Water cloud Algorithms.  

Procedure Input Outputs Remarks 
Improved liquid  
water path combining 
radiometers and lidar 
observations.  

-Microwave  
brightness  
temperatures. 
-Level 1c target 
Classification 
-T,P profiles 

Liquid water path 
(LWP) 

Improved LWP  
Particularly at low LWP 
Values. 

Level 2a. Drizzle 
parameters 

-Microwave LWP 
measurements  
-Radar Ze 
-Radar Vd 
-Lidar Cloud base 
-Level 1c target 
classification 

Various drizzle  
parameters, including

 

particle effective size 

 

and mass flux  

Level 2a Liquid 
Water content  
(scaled adiabatic  
method) 

-Lidar cloud base 
-Radar cloud top 
-LWP 
-Level 1c target 
classification 
-T,P profiles 

Liquid water content 
(LWC) profile 

Multiple water layers 
are not treated. 

Level 2b Liquid 
Water content  
(scaled adiabatic  
method) 

As above As above, but binned 

 

to specific model  
grids 

Each model 
has its own associated  
data set. 

Leve3: Liquid Water 
Content Evaluation 
Statistics  

As above LWC/LWP statistics 

 

(both modelled and  
observed) particular 
to different models. 

Each model 
has its own associated  
data set. 

Radar-Lidar 
technique for  
LWC retrieval in 
 water clouds 

-Lidar backscatter 
-Radar reflectivity

 

-Level 1c target 
classification 
-T,P profiles 

LWC and refined 
drizzle detection/ 
classification in water

 

clouds 

Does not use microwave 
LWP estimates. 

Table 3-1: CloudNet water cloud algorithms/procedures 



  
3.1 Water cloud algorithm evaluation activities. 
The most important parameter with regards to water clouds within CloudNet is the liquid 
water path. Most of the water cloud quantitative algorithms use the same LWP values 
derived from the same set of microwave radiometer measurement. However, one technique 
developed and employed within CloudNet does not rely on input from the microwave 
radiometer and thus provides an independent estimate of LWP which may be compared to 
the other retrieval techniques.  

The radar-lidar technique for the retrieval of the liquid water content in low level clouds (see 
Krasnov and Russchenberg, 2005) has been developed and applied to the long-term near-
continuous observations at the four ground-based stations in Europe (Chilbolton, Cabauw, 
Palaiseau, and Lindenberg), which were collected during the Cloudnet project. Provided 
algorithm uses the radar reflectivity to lidar optical extinction ratio for the detection and 
characterization of the drizzle in the water clouds, overcoming the difficulties in use of the 
quantitative radar data for water clouds microphysical retrievals. One of this technique's main 
advantages is that it does not use the microwave radiometer data to obtain the vertical 
profiles of LWC and the integral LWP, as other available remote sensing techniques use 
(Frisch et al.,1996, Löhnert et. al., 2001, E. O'Connor's quasi-adiabatic technique (see this 
report)). Using the Cloudnet dataset it was shown, that the probability density of the radar 
reflectivity for three categories of water clouds, which are differently affected by the drizzle 
fraction, are very similar and stable for all Cloudnet sites, and the radar-lidar technique can 
be used even in cases when the lidar data not available, and on the sites, which are equipped 
with the cloud radar only. It gives the possibility to have the independent source of the 
information about water clouds at the fully equipped atmospheric remote sensing anchor 
stations and still to retrieve the profiles of the liquid water clouds content over the sites with 
cloud radar only. In Figure 3-1: An example of daily time series of LWP, retrieved using 
microwave radiometer data and radar-lidar technique, and the histogram of their differences 
below an example of the daily time series of the retrieved using the radar-lidar technique 
LWP in combination with independent microwave radiometers retrieval is presented (left 
plot). On the right plot the histogram of the difference in retrieved LWP is shown. This 
example demonstrates the good correlation between two techniques retrievals. The bias and 
standard deviation of the mutual error have values, which are compatible with the precision 
of microwave radiometer's retrievals.  



 

Figure 3-1: An example of daily time series of LWP, retrieved using microwave radiometer data and radar-lidar technique, 
and the histogram of their differences   
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4 Ice Cloud Algorithms 
Ice cloud physical properties (i.e. effective radius, IWC) are a subject of considerable 
uncertainty with respect to atmospheric forecast and climate models. Considerable effort has 
occurred within CloudNet to develop new approaches for ice cloud remote sensing and to 
apply and evaluate new and existing methodologies. Ice cloud algorithms developed or 
employed during CloudNet are listed below in Table 4-1, more detail may be found in 
Appendix C: CloudNet Ice cloud Algorithms. As the case with water clouds, it should be 
noted that only non-precipitating cases are considered. Precipitation reaching the ground 
adversely affects the radar and microwave radiometer observations.   

Table 4-1: CloudNet ice cloud algorithms/procedures  

4.1 Ice cloud Algorithm Evaluation activities. 

4.1.1 Comparison of ice water content retrievals.  

Ice water content (IWC) is one of the most fundamental parameters held in models, 
which requires validation from observations. We can consider four competing 
algorithms for retrieving IWC.    

Procedure Input Outputs Remarks 
Level 2a/2b Ice 
Water Content 
(radar/temperature 
method) 

-T,P profiles 
-Radar Reflectivity

 

- Level 1c target 
classification  

IWC IWC=F(Z,T) 
Empirical  
Relationship based on 
Aircraft in-situ data 

CAPRO-OT (Cloud 
Aerosol Properties 

 

Optical Thickness) 

-T,P profiles 
-Lidar backscatter 

Layer optical 
thickness 

UV or Visible lidar required.
Also will work for 
`thin water clouds. 

Radar-only (RadOn) 
method 

-T,P profiles 
-Radar Reflectivity

 

-Radar Vd 
- Level 1c target 
classification 

-IWC 
-Reff 

-Optical extinction. 

Radar only method for  
Both IWC and ice cloud 
extinction.   

KNMI Lidar-radar 
algorithm 

-T,P Profiles 
-Lidar backscatter 
-Radar backscatter

 

- Level 1c target 
classification 

-IWC 
-Reff 

-Optical extinction 

Can only be used where 
Both lidar and radar 
Data are present.  

IPSL Lidar-radar 
algorithm 

-T,P Profiles 
-Lidar backscatter 
-Radar backscatter

 

- Level 1c target 
classification 

-IWC 
-Reff 

-Optical extinction 

Similar to above but 
differs in some details. 

Level 3 Ice Water 
Content Evaluation 
Statistics 

Level 2a/2b 
IWC data 

IWC (model and 
observed) statistics on
Various model grids 

Each model 
has its own associated  
data set. 



i. IWC is derived from reflectivity, Z, alone. This is believed to have errors of a factor 
of two, or so, because Z depends upon a much higher moment of the size distribution 
than does IWC, and ice particle size spectra are variable, as is the ice density as a 
function of size. 

ii. An improved value of IWC can be obtained by using Z and temperature, T. 
Essentially T contains size information; on the average cloud particles are smaller at 
colder temperatures.   Once the size is known then IWC can be better estimated from 
Z.   (see Section 9.1 in Appendix C).  

iii. The RADON method (see Section 0 in Appendix C) in which the size information is 
gleaned from the Doppler velocity and thus should yield a more accurate IWC than 
from Z alone. 

iv. We believe the most reliable the size information can be obtained from the ratio of 
the radar backscatter to the lidar backscatter, because these two parameters depend 
upon very different moments of the size distribution (See Sections 9.4 and 9.5 in 
Appendix C). The lidar signal is attenuated, but the radar can be used to correct the 
lidar signal for attenuation. Once the size is known then the IWC can be derived from 
the value of Z.   

We believe the radar/lidar technique is the most reliable (on the order of 25% error) so this is 
plotted along the x-axis in Figure 4-1 with methods ii) and iii) on the y-axis for the two 
rightmost panels. Figure 4-1 indicates that for the Z-T and Radon methods over 60% of the 
points agree within a factor of 1.5-2 of the radar/lidar values, indicating that the accuracy of 
the Z-T  Cloudnet IWC product is likely on the order of 50% (one sigma level) though it 
must be borne in mind that the uncertainty in model IWC is generally much greater than this. 
Figure 4-1also indicates that the Radon method is better correlated with the lidar-radar results 
for IWC < 2x10-3 gm-3 however it may be biased too high for larger IWC values.  
In light of the uncertainty associated with the IWC retrievals, in WP4 most stress is laid upon 
the Z-T IWC retrievals.  One particular aspect that needs to be addressed further is that our 
best method relies on both lidar and radar returns being available, in other word it cannot be 

applied to the thickest ice clouds because they will extinguish the lidar signal completely.  
.  

 


