
1

NVBM Symposium – 6 November 2009

O.K. Hartogensis

Ontwikkelingen in de Scintillometrie



2

Enige Conclusies ter Introductie

• Scintillometers meten de verticale voelbare en latente warmtestroom
over “grote” gebieden (schaal: 0.1 - 10km)

• Er zijn verschillende scintillometers voor diverse toepassingen (b.v.. 
lang vs kort pad en soort fluxen)

• Scintillometer methode is heel eenvoudig:
Methode kan worden toegepast door non-experts in micro-meteo
Instrumenten zijn makkelijk in onderhoud
Data processing is “eenvoudig”

• Scintillometer method is ook zeer complex:
Wave propagation theory in turbulent medium
Micro-meteorologie: Turbulentie in de oppervlaktelaag
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What are Scintillations?

Scintillometry
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• Scintillometer length scales: L (path length), λ (wavelength), F (Fresnel length) = (λL)1/2, D
(aperture), z (height)
• Turbulence length scales: l0 (inner length scale), L0 (outer length scale)

Scintillometer schematic + Length Scales

Scintillometry
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Scintillometry in a nutshell

Scintillometry
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I Wave Propagation Theory + Turbulence – Many eddies

Scintillometer Equation: ( ) ( )
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• Scintillometer sensitive to one eddy scale: largest of D or F= (λL)1/2

• If in Inertial range →

• If in Dissipation range →
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Scintillometer Types

Optical Scintillometers:
Temperature fluctuations → H (and u*)

RadioWave Scintillometers:
Humidity fluctuations → LvE

LAS – Large Aperture Scintillometer
XLAS – Extra large Aperture Scintillometer
DBLS – Displaced Beam Laser Scintillometer

MWS – Micro-Wave Scintillometer

Type D λ L

LAS 15 cm ≈1µm 1- 5 km

XLAS 30 cm ≈1µm 5 – 10 km

MWS 15 cm ≈1 cm 1 -10 km

DBLS 2.5 mm 0.7 µm 100 m

Research

Scintillometer types defined by: 
D and λ
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• People
• Current Research

Scintillometer work by MAQ



9

People – “the Godfathers” (now pensionados)

Wim Kohsiek – KNMI/MAQ Henk de Bruin – MAQ
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People – the Builders

Bert Heusinkveld

Willy Hillen

Frits Antonysen

Kees van den Dries
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People – the PhD’s + PostDocs

Oscar Hartogensis

Wouter Meijninger

Joost Nieveen

Arnold Moene

Arjan van Dijk Bram van Kesteren
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STW-Project – Innovations in Scintillometry (2008-2012)

Measure H + LvE + u* at field scale:
Short Path Scintillometer (SPS)

combination of number of beams and 
or receivers

additional measurements for
evapotranspiration

Measure H + LvE directly at km-scale: 
Optical-Millimetre wave System (OMS):

Refractive index in millimeter-wave range 
dependent on water vapour and
temperature

Research
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MWS & LAS 
Transmitter

MWS & LAS Receiver

λ2 = 930 nm

λ2 = 11 mm

Intensity fluctuations

var [ln(I1)] var [ln(I2)] cov [ln(I1, I2)]

Cn12 Cn22 Cn1,n2

Turbulence + Wave Prop. Theory

CT2 Cq2 CTq

U, roughness parameters + MOST

H LvE

Scintillometry

OMS system – Third Equation – Full OMS method

“Full” OMS method
Ludi et al (2005) BLM117
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Chilbolton Experiment – field site Rutherford Appleton Laboratory (RAL)

Experiment
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Chilbolton Experiment – field site Rutherford Appleton Laboratory (RAL)

Experiment
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Open door laboratory

Test range of 500m long

2 opposite cabins at 4m height

Chilbolton Experiment – the Site

Experiment
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Chilbolton Experiment – Scintillometers

• CEH-RAL94 MWS – 94Ghz – GPS pulse to lock transmitter and receiver frequency

• Kipp&Zn LAS – 880nm - Fresnel lens to focus beam onto detector

• Wageningen LAS – 940nm – Concave mirror to focus beam onto detector

• datalog units in both cabins – 500Hz – GPS pulse to synchronize the signals

Experiment
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Chilbolton Experiment – local turbulence measurements

• CSAT3 sonic + LiCor 7500

• 3 fine wire thermocouples

• datalog unit – 20Hz

Reference for Fluxes and Structure 
parameters

Experiment
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• Evidence of Absorption

•“simple filter”: 10s 
moving average

10
-4

10
-2

10
0

10
2

0

20

40

60

80

100

120

f - natural frequency [Hz]

f*
S

(f)
 - 

sp
ec

tra
l d

en
si

ty
 [v

ar
ia

nc
e]

 

 
Non-Filtered
Filtered

10
-4

10
-2

10
0

10
2

10
-4

10
-2

10
0

10
2

10
4

f - natural frequency [Hz]

S
(f)

 - 
sp

ec
tra

l d
en

si
ty

 [v
ar

ia
nc

e/
H

z]

 

 

-8/3
Non-Filtered
Filtered

10
-4

10
-2

10
0

10
2

10
-4

10
-2

10
0

10
2

10
4

f - natural frequency [Hz]
S

(f)
 - 

sp
ec

tra
l d

en
si

ty
 [v

ar
ia

nc
e/

H
z]

 

 

-8/3
Non-Filtered
Filtered

Chilbolton Results – CEH-RAL94 Spectra
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Chilbolton – OMS Evaporation

No Absorption Filter

• OMS system: CEH-RAL94 MWS and Wag LAS
• 10s moving average filter for RAL94
• No Cn1n2 used; RTq from EC system

With Absorption Filter
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Final Remarks

• First results of evaporation by the OMS system look “promising”. 
• Further refinements we work on:

– Compare results with local turbulence measurements at structure 
parameter level.

– “Full” OMS method with Cn1,n2

– Filtering LAS and MWS by routinely fitting theoretical to measured 
spectrum:
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DBLS Transmitters

DBLS Receivers

λ= = 670 nm

λ || = 670 nm

Intensity fluctuations
var [ln(I||)] var [ln(I=)] cov [ln(I||, I=)]

l0Cn2

Turbulence + Wave Prop. 
Theory

CT2

H

ε

MOST

u*

Double Beam Laser Scintillometer (DBLS)
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Combination Methods: Scinti–Variance + Scinti–Structure-Parameter 

xx quF **ρ=MOST framework:
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Merken Set-up

Scintillometry
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Combination-Methods – Long Interval (30min)
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Combi-Methods – Long Interval (30min)
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Space AND time averaging of turbulence

Non-Stationary Turbulence
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Objective

Test alternative methods to determine turbulent 
H2O and CO2 fluxes, which have a faster statistical 
convergence than the classical eddy-covariance method. 
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Combi-Methods – Short Intervals (1 min) – Temporal Variation
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Combi-Methods – Short Intervals (1 min) – Temporal Variation
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Conclusions

• Combined Methods work! 

• Combined Method indeed gives much more reliable   

minute interval mass fluxes than EC

• Mr wrk ndd
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KvK - WindVisions (2010-2014)

Wind and Visibility 
monitoring system at 
Schiphol Airport
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End


