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The present document is a revised version of the original memo “Turbulence profile adjustment for varying ground altitude”, dated 12 Dec 2006.  The method of ground-level adjustment defined in Ver. 2 is the method that is incorporated in the soon-to-be-released version of Turbtool.  The same adjustment option will also be available in future releases of WaveTrain’s AcsAtmSpec turbulence-specification input function.  The Ver. 2 method of adjustment is simpler than the method proposed in the original document.  After further reflection, we concluded that the original proposal was more complicated than was warranted by available data and typical knowledge of the propagation conditions. 

1 Introduction

Let the mathematical function that defines a turbulence vertical profile model be denoted by 
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.  For present purposes, such functions are of two types, which we designate by A and B: 


Type-A model:  The height argument in 
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 is altitude above mean sea level, 
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, and the profile function is only valid for 
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, where 
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 is the altitude of the model ground level above MSL.  Profiles of type A are typically constructed from a mix of balloon thermosonde data and optical data, where the data was collected over a roughly vertical path over a specific geographic site.  Two examples of type-A profiles are the Clear-1 and AMOS models (
).  In the case of Clear-1, data was collected at a site on the southern part of the White Sands Missile Range (WSMR), where 
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= 1216 m.  In the case of AMOS, data was collected at a site on the peak of Mt. Haleakala on the island of Maui, where 
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= 3038 m.  

Type-B model:  The height argument in 
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 is altitude above ground level, 
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 EMBED Equation.3  [image: image13.wmf]³

 0, and the model contains ​no explicit specification of 
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above MSL.  Two examples of type-B profiles are the HV5/7 and the WSMR-Day models.  Models such as these may be partly based on data collected at specific sites, but may also contain vertical dependences based solely on  math convenience, or dependences based on meteorological data and fluid dynamics theory.  The HV5/7 model is well known in the turbulence literature.  The WSMR-Day model was constructed to represent typical conditions in the lower atmosphere at a WSMR-like continental desert site, when daytime unstable convective conditions prevail.

The issue with which we deal in the present memo is the following.  We are interested in performing optical turbulence calculations for arbitrary propagation paths using one or more of the standard profile models.  In general, the propagation path of interest is not situated at one of the special sites where a standard profile was constructed, and the 
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 under the propagation path could be quite different from the 
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of any of the standard models.  Suppose we define the propagation scenario by specifying path altitudes above MSL, and also specifying 
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, the (average) ground altitude below the path, again with respect to MSL.  Then the question becomes, how do we apply profile models of types A and B to arbitrarily specified propagation paths?  In the following section, we specify a simple procedure to “translate” any profile to any propagation path of interest.  This procedure will be incorporated into MZA’s Turbtool and WaveTrain computer codes.

2 Procedure for reconciling ground-level altitudes of propagation path and turbulence model

The question to be answered is this: given the two specifications
(a)  a particular point on the propagation path, with altitude
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(b)  we desire to use a specified turbulence profile,

how should we assign the 
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 value at the point of interest?

2.1 Applying a Type-B profile model


If we want to use a type-B profile model, no further thought is required: the type-B property tells us to insert the altitude of the path above ground level into the model function:
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2.2 Applying a Type-A profile model

If we want to apply a type-A profile model, but 
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, then the model itself does not explicitly tell us how to proceed.  We must apply some knowledge about what generally controls the turbulence, so that we can appropriately shift, stretch, or otherwise map the model profile to the height domain of the propagation path. 

In the lower troposphere, the atmospheric turbulence is principally controlled by the interaction between ground heating/cooling and the air temperature.  Thus, in the absence of more detailed physics modeling, it seems most reasonable to evaluate the model profile at an altitude such that we “preserve” the altitude above ground level between path and model.  That is, we assign the 
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Pictorially, this simply means that we rigidly translate the Type-A profile so that its model ground level translates to the propagation path ground level.  In the special case that 
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, the preceding formula reduces, as required, to 
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.  Figure 1 illustrates the rigid translation. 
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Figure 1:  Translation of a Type-A profile model

While the rigid translation procedure seems eminently reasonable in the lower atmosphere, it is questionable as we transition to the upper atmosphere.  The tropopause, which constitutes the transition region between the troposphere and the stratosphere, generally does not follow the contours of the ground level.  At these heights and above, rigidly shifting the profile to accommodate 
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 has no physical basis.  A possible option might be to assign a fixed tropopause altitude with respect to MSL, and to stretch or compress any type-A profile model between that tropopause and whatever path ground level is specified.  However, we judge the latter approach to be inappropriately complicated at present, in view of the fact that other details would still be modeled more crudely.  For example, the typical tropopause height varies several kilometers between the mid-latitudes and the tropics, and between seasons of the year.  Likewise, we speak of “the” ground altitude under the propagation path, but in the case of a shallow path elevation angle, this “constant” might vary by several kilometers.  Because of these additional uncertainties, it seems pointless to introduce a universal ground-level correction that is more complication than the simple shift algorithm defined by Equation (2)

.  

2.3 Integrated turbulence

The simple shift mapping defined by Eqs. 
(2)

 causes the integrated (1)

 and  gotobutton ZEqnNum813538  from ground to space to remain fixed as the ground altitude changes, for either type-A or type-B profile functions.  For extreme cases (very high ground levels) this is surely unrealistic, since the total integrated turbulence must be affected to some extent by the total air mass in the propagation column.  The resolution of this conflict is simply that, when dealing with any extreme case, one must use a site-specific profile to get accurate results.

2.4 Two minor numerical modifications of the standard profile functions

2.4.1 Model ground height and minimum data  height

It was stated above that type-A profile functions are defined for 
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, but this is not always exactly correct.  In some cases, the type-A profile functions are defined for 
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, where the minimum data height is typically on the order of 10 m higher than ground level.  This reflects the fact that a thermosonde balloon sensor package was tethered at that altitude before release, and data-taking started at that altitude.  In such cases, for reasons of code uniformity, we slightly modified the standard profile definitions so that they are all defined down to 
[image: image36.wmf]mod

hgnd

.  At altitudes between 
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 and 
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,  which just spans a few meters, we simply assign the value of 
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.  This trivial modification has no important practical consequences, and is done just for the purpose of computational code uniformity.

2.4.2 Maximum model height

Models that are based mostly on balloon thermosonde data, like Clear-1 and AMOS, typically have a maximum data altitude of 30 km.  Some models, such as HV5/7, have no maximum height specified in the model.  Some models, such as WSMR-Day, have a maximum defined altitude that is rather low (3 km above ground level, in the case of WSMR-Day).  To handle the numerical work in computer calculations that are designed to work with arbitrary propagation paths, it is necessary to make some definition of the profile value above the maximum model height (if an explicit maximum exists in the model).  We define an extrapolation of the standard model functions above the maximum model height in one of two ways:  (a) simply continue to use the functional 
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 form defined for the highest altitude band of the model, or (b) set 
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3 Standard profile functions, their types, ground levels, and extrapolation methods

The following table lists the turbulence strength vertical profile functions included in Turbtool, and specifies whether the profile is type-A or type-B.  For type-A, column 3 of the table specifies the ground level value above MSL, i.e., the 
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 parameter.  If applicable, column 4 of the table specifies the maximum model height, 
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, and column 5 specifies the extrapolation procedure used to define 
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	Profile name
	Type

(A or B)
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 (mAMSL)
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	Extrap.
method

	AMOS Night
	A
	3038
	30 kmAMSL
	continue

	Clear-1 Night
	A
	1216
	30 kmAMSL
	continue

	Clear-2 Night
	A
	1216
	30 kmAMSL
	continue

	HV5/7
	B
	n.a.
	n.a.
	n.a.

	Maui-3 (Night)
	A
	3038
	30 kmAMSL
	continue

	SLC Day
	A
	3038
	23 kmAMSL
	continue

	SLC Night
	A
	3038
	23 kmAMSL
	continue

	WSMR Day
	B
	n.a.
	5 kmAGL
	set to 0

	WSMR Night
	B
	n.a.
	5 kmAGL
	set to 0

	WSMR
	B
	n.a.
	30 kmAGL
	set to 0


Table 1:  Cn2 profile functions included in Turbtool/WaveTrain

Note that AMOS Night, Maui-3 (Night), SLC Day, and SLC Night were all constructed specifically for operations over Maui’s Mt. Haleakala.  These models are probably the least generalizable to other sites (except for other 3-km high cones in the middle of a tropical ocean).





















































































� 	Beland, Robert R:  “Propagation through Atmospheric Optical Turbulence”, in Atmospheric Propagation of Radiation, The Infrared and Electro-Optical Systems Handbook, vol. 2, pp. 217-224, F.G. Smith, ed., ERIM and SPIE Press, 1993.
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