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Section H.1

Search Planning
Search planning is necessary when the location of a distress is not known, or significant time has passed since the search object's position was last known. The SMC is responsible for developing and updating an effective search plan. The plan may involve a single SRU or many SRUs searching for several days.
H.1.1
Overview
Search planning consists of determining datum (the most probable location of the search object, corrected for drift) and search area, developing an attainable search plan, selecting search patterns, planning on scene coordination, transmitting the search plan to OSC/SRUs, and reviewing the search plan. Many factors influence the movement of the search object. The SMC judges the impact of these factors to determine the region to search and methods to use, evaluates the number and capabilities of available SRUs, and determines whether compromise between search area size and search effectiveness is necessary. The methods described in this chapter are based on historical information and mathematical theory, and represent generally accepted techniques for search planning. Though effective tools, they do not in themselves guarantee success; that depends on planner ability and judgment, and SRU effectiveness.

Search planning involves the following steps:

· Evaluate the situation, including any previous search results;

· Estimate the possible distress incident positions and how they are distributed (usually with respect to a datum position, line or area);

· Estimate the survivors’ post-distress movements to produce an estimate of their possible locations at the time when search facilities can be on scene;

· Determine the best way to deploy the available search facilities so the chances of finding the survivors are maximized (optimal search effort allocation);

· Define search sub-areas and search patterns for assignment to specific search facilities;

· Provide a search action plan that includes a current description of the situation, search object description(s), specific search assignments for the search facilities, on-scene coordination instructions, and search facility reporting requirements;

These steps are repeated until either all survivors are found and rescued, or evaluation of the situation shows that continued searching is very unlikely to succeed in saving a life.

For land cases, search area is normally dependent on the environment. Natural boundaries, injuries, and other hard-to-quantify factors affecting movement are important in search area decisions. The experience and judgment of the SMC is a key factor. A more detailed discussion and planning guidance for land cases is provided in references (a) and (b).

H.1.2
Search Planning
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There are basically only two methods for planning searches—manual and computer simulation.  The manual search planning method is found in the International Aeronautical and Maritime Search and Rescue (IAMSAR) Manual, Volume II.  Although there are several computerized versions of the manual method (sometimes with slight variations from IAMSAR) in use in various parts of the world, they are not fundamentally different from the manual method itself.  JAWS is one of these.  In some cases these computer programs have access to more detailed environmental data than one normally associates with paper-and-pencil methods, but otherwise the computer is simply being used as a tool to perform the same computations and display the same results the paper-and-pencil manual method would produce.  The only software that uses the simulation approach is CASP.  A new search-planning tool is currently under development that will replace both JAWS and CASP.  It is called the Search and Rescue Optimal Planning System (SAROPS).  SAROPS will use a simulation approach.  The main advantage of simulation is that it allows a more realistic representation of real-world complexity than the grossly over-simplified manual method.

H.1.3
Uncertainty and Probability

Searching necessarily involves uncertainty.  If the search object’s location were known or could be accurately predicted, no searching would be necessary.  Therefore, the first uncertainty the search planner must deal with is the uncertainty about the object’s location.  This in turn often involves uncertainties about the time and location of the distress incident, the types of objects (disabled craft, PIW, raft, etc) that may be adrift, etc.  Even when these are known within close limits, if a significant amount of time will pass between the time of a distress and the arrival of resources on scene, the uncertainty about the object’s location will grow due to uncertainties in the available data about the environmental factors that cause drift and uncertainties in our knowledge about how the search object will respond to those factors.  In addition, detection of the object once resources arrive on scene and begin searching is by no means certain.  These uncertainties require the search planner to think in terms of probabilities.  The three probabilities of primary concern are the probability that the search object will be in some bounded area (probability of containment or POC), the probability that the search object will be detected, assuming it will be in an area at the time the area is searched (probability of detection or POD), and the probability of finding the search object (probability of success or POS) based on both the POCs for the areas searched and the PODs from searching those areas.  For any given search area,
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For non-overlapping search areas that are covered more or less simultaneously, the total POS is simply the total sum of all the POS values for the individual search areas.  The cumulative POS (POSCUM) is the probability that all searching done to date would have located the search object.

H.1.4
The Goal of Search Planning

The ultimate goal of search planning is to find the survivors of a distress incident as quickly as possible, subject to resource availability. The way to achieve this goal is to increase the cumulative probability of success (POSCUM) as quickly as possible with the available or assigned resources.  A search plan that does this is the most efficient, or the optimal, plan.  It is also the plan that will minimize the time required, on average, to locate the search object.  “Optimal effort allocation” is the process of finding the combination of search area, coverage, and resource assignments that produces the most efficient search plan.  Unfortunately, this is a mathematically complex process in the general case that requires a quite sophisticated computer program.   CASP performs this function but the resulting search plans are not always operationally feasible, requiring some adjustment by the search planner.  JAWS and the IAMSAR Manual method also produce “near-optimal” search plans based on a number of simplifying assumptions and corresponding “optimal search factors”.  SAROPS is being designed to produce the most nearly optimal, operationally feasible, search plans that are possible with the available assets. 

H.1.5
Search Planning Methods and Tools

When developing a search plan, search planners must be detectives and information distillers.  They must aggressively pursue leads and obtain all information available.  They must continually think "outside the box."

Coast Guard Search planners shall plan searches in one of three ways, subject to the guidance provided in this chapter:  Manually in accordance with the IAMSAR Manual and this Appendix, with JAWS or with CASP.   Each of these methods is discussed in more detail below, along with their capabilities and limitations.  Further guidance on usage is also provided in this Appendix.



Section H.2

Manual Solution Model

H.2.1
Overview


The Manual Solution and its automated version, JAWS, work on the principle of estimating an average (mean, expected) position and uncertainty about that position.  The expected, or most likely, position is called datum and it is used as the reference position for planning a search.  The level of uncertainty about the datum position is represented by the probable error of position.  Probable error of position is defined as the radius of the circle centered on datum that contains 50% of the possible positions.  For manual search planning, a particular type of probability density distribution is assumed.  That type is called a circular bivariate normal distribution.  This means that if datum were plotted on an ordinary piece of graph paper, then the distribution of x-coordinates for possible positions around datum would follow the familiar “bell curve,” and likewise for the distribution of y-coordinates.  The probability that any particular “square” or cell on the graph contains the actual position is the joint probability that the x-coordinate falls within the necessary range of values and that the y-coordinate falls within the necessary range of values for the point to fall within the cell in question.  The joint probability is the product of the two individual (x and y) probabilities.  The IAMSAR Manual, Volume II, Appendix M contains probability maps showing probability of containment (POC) values around a datum position for cells of various sizes in relation to the probable error.  In theory, there is no maximum radius around datum that is guaranteed to contain all possible positions.  However, a radius of three times the probable error has a POC value of over 99%.


Since objects in the marine environment tend to drift under the influence of wind and current, it is necessary to estimate the search object’s location when planning a search, which is done by updating the datum position(s) to account for drift.  Since uncertainty about the search object’s position increases with the passage of time, it is also necessary to update this value.  The size of the search area depends on the size of the total probable error of position (E) and on the amount of searching effort that is available.  The size of the total probable error of position depends on the probable error of the initial distress position (X), the probable error due to uncertainty in the drift estimate (De), and the probable error of the search craft’s position while searching (Y).  The uncertainty of the drift estimate depends, in turn, on the uncertainties associated with the environmental factors affecting drift (wind and current) and the limitations in our knowledge of how drifting objects respond to these environmental factors.


Once a datum position and its total probable error have been established for a specific point in time, a search plan that maximizes the chances for finding the survivors can be developed based on the amount of searching effort available around that time.  This is called “optimal effort allocation.”  It is the reason for having some estimate of how positional uncertainty around datum is distributed.  If the nature of the distribution is known then it is possible to estimate the POC of a square centered on datum as a function of the square’s inscribed radius.  If POD as a function of coverage is also known, then it is possible to find the combination of search area size and coverage for a given level of effort that maximizes the probability of success (POS).  Methods for doing this are described in the IAMSAR Manual, Volume II.  These methods, with the modifications described in this Appendix, comprise the manual method approved for USCG use.


The modifications to the IAMSAR Manual methods described in this Appendix are:

· The IAMSAR Manual wind current graph and computations are replaced by the wind current computations given in paragraph H.3.4.4 and the wind current worksheet at the end of this Appendix.

· Additional worksheets are provided for computing reversing tidal and other currents.

· The table of probable errors of position associated with different means of navigation contains more means of navigation than the corresponding table in the IAMSAR Manual.  However, the two tables agree when the method of navigation is the same.  The same is true for other tables of probable position error associated with types of craft.

· The leeway divergence angles given in this Appendix are rounded up to the next highest whole degree and are therefore more accurate than those in the IAMSAR Manual, which are rounded up to the next highest multiple of five degrees.  Ho wever, all leeway data for both this Appendix and the IAMSAR Manual are based on the same research and are therefore otherwise consistent.

· The sweep width tables given in this Appendix include more altitudes and therefore have more entries than those in the IAMSAR Manual.  However, both sets of tables are based on the same research and are therefore consistent.  The sweep width tables in the IAMSAR Manual are a proper subset of the tables contained in this Appendix.


Some additional information and graphs are also provided in this Appendix, but these are consistent with the material contained in the IAMSAR Manual.


In order to make manual search planning possible and avoid requiring an extensive background in search theory, mathematics and statistics, not to mention avoiding an impractical amount of computation, it was necessary to grossly oversimplify the approach to the search-planning problem and to make sweeping assumptions and generalizations.  For these reasons, the manual method is truly adequate only for simple situations of relatively short duration (on the order of 24 hours adrift).  

H.2.2
Manual Search Planning Variables

Search planning is based on myriad variables including environmental factors, the nature, time and location of the distress incident, the type(s) of search object(s) resulting from the distress, and the available search platforms and their capabilities, including the time at which they can be on scene.  The variables whose values ultimately determine where to place the search area for a given time, as well as its size and orientation, are those variables needed to estimate a datum position and its uncertainty for a given time, plus the variables needed to estimate the available search effort (Z) around that time.  Estimating a datum position and its uncertainty requires the following information:

· An estimate of the distress incident’s date and time, and the distressed craft’s position and positional uncertainty at that time.

· A list of search objects that may have been set adrift by the distress incident and the leeway coefficients for those objects along with the uncertainties about the objects’ leeway.

· Wind and current data for the vicinity of the distress incident sufficient to cover any place the object(s) may have drifted since the distress incident, along with uncertainties about the wind and current values.

· The commence search or mid-search date and time.

Estimating the available search effort (Z) requires the following information:

· The numbers and types of search facilities available.

· The search endurance for each facility (depends on its overall endurance and the location of the search area in relation to the facility’s departure and recovery locations).

· The search speed for each search facility.

· The effective sweep widths for the search object(s), environmental conditions, and search facilities as of the time of the search.  (Note:  For planning purposes, the average sweep width for the most likely type of search object may be used when estimating available search effort.)

Section H.3

Datum Estimation

The expected location of the search object at any given time is known as the datum for that time. Datum is a reference position, line or area that is used as a reference for describing the distribution of possible search object locations and for planning searches.  Generally the region near the datum contains the most probable search object locations.  As a practical matter, all datums are either single points or are formed by points that are then connected by line segments.  Only points are updated for drift.  For line and area datums, the points used to form them, plus the possible addition of other carefully chosen points are updated for drift and then a new datum line or area is inferred from the results.  Determining datum begins with the reported position of the incident. Unless a distressed craft or individual is immobilized, as in a boat grounding or a debilitating physical injury on land, the actual position of the search object during the search may be substantially different from the initial position. Therefore, possible movement of the search object should be accounted for when calculating datum. Datum should be recomputed periodically as movement due to drift or other factors continues to affect the position of the search object. Recomputed datums are usually labeled sequentially (e.g., Datum1, Datum2, Datum3).  The time for which the datum was computed should be noted.

The original manual method, developed during the Second World War, was designed to handle a single simple scenario with simple paper-and-pencil computations and plots.  The simple scenario consisted of a single distress incident time with no appreciable uncertainty, and a single initial position that could have a significant amount of uncertainty due to the limitations of navigation at that time.  Only a single type of search object was considered:  a survivor adrift in a life raft like those carried by aviators.  Drift updates assumed that the winds and currents over the entire area and period of concern could be adequately represented by their average values with no significant systematic variations present with respect to either time or space.  This tended to rule out use in tidal areas or in areas with strong, persistent currents, such as the Gulf Stream with its high current gradients.  In other words, the drift update method was generally adequate for open ocean use away from the influences of tides and strong currents.

It is possible, but not always practical, to extend the original method to include more variations and types of uncertainty than the original.  It has been found, for example, that objects tend to have leeway off the down wind direction to the left or right and it is assumed that these port and starboard tacks are equally likely.  This requires computing two datums instead of the original one.  Other extensions are also possible, but as the number of distinct possibilities increases, so do the number of datums that must be computed.  In fact, the number of computations tends to increase exponentially.
H.3.1
Initial Position
The location where the distress occurred is called the initial position. Initial positions, of course, depend on the craft’s position at the time of the distress.  Therefore, knowing where and when a distress could have occurred when definite information is not available (e.g., an overdue craft) depends on the craft’s pre-distress behavior.  To compute datum, the time and location of the craft’s or survivors last reliable position are first considered. This will determine the type of datum to be computed. One of three situations usually exists, based on the initial information obtained:

H.3.1.1
Position Known (Point Datum).  The incident is witnessed or reported by radar net, DF net, another craft, or the distressed craft itself, or position is computed from a previously reliable position. When a person on shore witnesses the incident, the incident position can often be derived from the street address of the reporting source’s location through the use of geo-location services provided on the internet.  G-OPR has funded such services.  Information and links for the currently funded services can be found on the G-OPR website.  When the position and time of the incident are known, drift is determined and an updated datum is computed.

H.3.1.2
Track Known (Line Datum).  The intended track is known but the position along the track is unknown, or a single line of bearing, such as a DF bearing, is obtained. In other words, the distress is believed to have occurred somewhere along a line segment or a series of connected line segments.    An updated datum line may be established as follows:

(a)
The datum line is first plotted, and a series of estimated positions and times are computed for points along the line (e.g., estimated progress along the track). At a minimum, the estimated positions at each end of each line segment are used.  If a line segment is long or it is known that significant variation in wind and/or current values exist along the line segment, carefully chosen intermediate positions should be computed.  Note that for a single line of bearing, all estimated positions will have the same time as when the line of bearing was observed, whereas for track lines, each estimated position will have its own associated time based on the craft’s estimated departure time and speed(s) up to that point.

(b)
A DR position and time is recommended for at least every 5° of latitude or longitude for aircraft tracks, at least each 24 hours on the track of a marine craft, and at least every 4 hours on the track of lost persons in inland areas.  More frequent DR positions should be computed whenever necessary to represent varying environmental conditions along the intended track.

(c)
Each position and time is considered as an initial position/time, and drift is computed for each position up to a common single (datum) time.  Thus, a series of datum points is developed.  All datum points are sequentially connected by straight lines to form a datum line.  Figure H-1 demonstrates drifting a trackline.
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Figure H-1  Track Line Drift

H.3.1.3
General Area Known (Area Datum). Suppose neither the position nor the intended track is known, but the general area the craft was probably in, such as a lake, a military exercise area, or an offshore fishing ground, is known. In this case, a datum area is developed. Datum Areas are normally specified as polygons, using the coordinates of the corner points that define the polygon.  Datum area computations depend on many factors, such as fuel endurance, natural boundaries, and known or suspected areas of occupancy. Datum area computations may be reasonably exact, or only a best guess.

(a)
An aircraft glide area is a datum area, since the aircraft has an equal likelihood of being anywhere within that area. A maximum possibility area can be developed using hours of fuel on board, wind speed and direction, glide ratio, and time of departure. A vector representing wind speed and direction is added to the departure point. The SMC then determines the distance the aircraft could cruise from the time of departure to the end of fuel endurance, to which the possible glide distance is added. The SMC uses this as a radius for the datum area.  A similar approach can be used for marine craft with fuel endurance in hours, maximum range at cruising speed, and water drift forces.

(b)
Datum areas are usually large when the search object endurance is great or many unknown factors exist. Extensive detective work may be necessary to reduce this size to a reasonable initial region, or the SMC may have to outline the datum area based on other hypotheses. For instance, an aircraft may be reported missing while flying in a defined operating area or along a flight planned route, a fishing vessel may have gone to particular fishing grounds, a private aircraft or pleasure boat operating area may be known, or a yacht is on an extended coastal or ocean cruise without a specific route or destination. The datum area may be readily apparent. In other cases, the area can be narrowed by communications checks and deduction; if not, large general areas may have to be searched.

(c)
The larger the area, the more difficult it will be to update the datum area for drift.  If the area is small to moderate in size and the environmental conditions (wind and current) are the same over the region containing the area and likely drift trajectories, a single corner point may be chosen and updated for drift, with the same drift applied to the other corner points.  This will result in a new polygon identical to the original except for location.  The initial probable position error for each corner point is always assumed to be zero, meaning that all possible distress positions are contained within the polygon. (For JAWS, manually enter a position error of 0.01 NM).  After the first drift update, the probable position errors for the updated corner points are computed in the usual fashion.  For large areas or more complex environmental conditions, more points should be selected as initial positions to ensure variations in environmental data and their effects on drift are adequately represented.  At a minimum, each corner point shall be updated for drift individually.  The time associated with all initial positions will be the search planner’s best estimate for the time of the distress incident.  The updated datum positions and their associated probable errors are plotted.  Then, enclosing the resulting circles in a new polygon; plots the new datum area.

H.3.2
Environmental Data
H.3.2.1
Drift is movement of a search object caused by external forces present in the environment. Datum is calculated by determining which drift forces will affect the search object, selecting the most appropriate ones, and calculating a vector for each. The vectors are then added to determine a drift direction and speed.  The length of time between the time of the incident and the desired datum time is then applied to obtain a drift direction and distance vector.  This is added to the initial position to determine datum using standard navigational procedures. Drift distances should be calculated using the time between the last known position and a time selected by the SMC. This time of datum is normally chosen to coincide with the daily maximum search effort, using mid-search time or the first SRU arrival time.
H.3.2.2
The SMC should determine which environmental forces affected the search object during and after the incident:

(a)
For marine incidents, currents and winds.

(b)
For aircraft, primarily wind.

(c)
For lost persons, terrain and meteorological conditions.

H.3.2.3
The SMC should attempt to quantify each force affecting drift, which is best done by vector, with bearing and length of the vector representing target direction and speed respectively. Since objects that float or fly are more affected by environmental forces, it is easier to quantify their possible movement. Lost persons, while affected by the environment, may choose to move or not, or may move unpredictably.

H.3.2.4
With the exception of certain databases maintained for use by JAWS and CASP, the Coast Guard does not maintain environmental databases that are readily available to search planners.  Even those available to JAWS and CASP are sometimes either more coarse than desired or incomplete in some respect.  None of the tools has winds aloft data available. CASP has access to global surface wind over water on a 1 x 1 degree x 12-hour grid but JAWS does not have direct access to any surface wind data.  Both JAWS and CASP use long-term seasonal averages from climatology for sea current data on a 1 x 1 degree grid, although CASP has access to special regional files on a much finer grid.  These include the Florida Straits on a 0.1 x 0.1 x monthly grid and a Gulf Stream (Western North Atlantic) regional product on a 0.2 x 0.2 x 12-hour grid from the U. S. Navy’s Fleet Numerical Meteorology and Oceanography Center (FNMOC).  CASP does not have access to tidal data and the tidal data available to JAWS is very limited.

H.3.2.5
Only the following sources of environmental data are approved for USCG use:

(a)
National Oceanic and Atmospheric Administration (NOAA) Weather Service and Ocean Prediction Centers for analyses and forecasts.

(b)
U.S. Navy Meteorology and Oceanography Centers (METOC) for analyses and forecasts.

(c)
Wind and current databases maintained for use by CASP and JAWS for analyses and forecasts.  (Wind and current data available to CASP may be displayed by selecting “CURRENTS” from the OPCEN menu of the textual “teletype” interface to OSC-hosted SAR applications.  C2PC/SAR Tools can also display the sea and tidal currents that it has available for JAWS.)

(d)
On scene observations made by search facilities and inferred from DMB tracks.

(e)
Other sources at or near the scene that the search planner has good reason to believe are reliable indicators of conditions on scene.  Distant observations should not be used just because they are the nearest available.

Important notes:  NOAA provides a number of products via the Internet, but includes a disclaimer that those products are not guaranteed to be the best or latest data.  Direct observations from stations and weather buoys are also posted and recently the offshore buoy wind observations were formatted into synoptic 6-hour increments for ease of import into JAWS.  However, all observed data, regardless of source, must be used with extreme caution whenever the search object is not in the immediate vicinity of the observations. 

An additional issue is that “surface wind” is defined as the wind at a mean height of 10 meters (about 33 feet) above the surface, and the leeway coefficients in Table H-3 are based on this definition.  Direct observations may be from any height and should be “normalized” to a height of 10 meters according to a standard procedure used by meteorologists but not generally known to search planners.  If in doubt about the most appropriate wind speed and direction to use, every effort should be made to contact the appropriate NOAA or USN METOC office for assistance.  All Area, District, and Group command centers are strongly encouraged to establish and maintain periodic contact with personnel at NOAA and/or USN METOC offices with AORs overlapping the command center’s AOR and arrange for their assistance when needed for SAR.  Familiarization visits to each other’s centers/offices are also strongly encouraged, as is the establishment of mutually acceptable standard operating procedures.

Datum Marker Buoys (DMBs), both radio and self-locating, are tools for determining total water current in a search area.  When using DMBs, search planners should use their best judgment to estimate the radius of influence for which the DMB information is valid.  The radius of influence is smaller in the vicinity of high currents; i.e., the Gulf Stream, Florida Straits, or known variable current areas such as Georges Banks off of New England.  Time is also a consideration.  Marine science experts, such as those at the International Ice Patrol (IIP) are available to assist in estimates.  As a rule, the radius of influence should be no larger than that for water current information already available, such as system environmental information provided to CASP.  
H.3.3
Aeronautical Drift
For situations where aircraft glide and parachute drift are needed, planners should refer to Appendix K to Volume II of the IAMSAR Manual (reference (b)).

H.3.4
Maritime Drift
On average, the Coast Guard conducts more than 5,000 searches annually, at a cost of about $50M.  Most of the expense is in aircraft usage.  A fifth of the searches continue longer than 12 hours.  These longer searches, which usually involve multiple resources, are much more expensive than short searches.  In the longer searches, knowledge of the drift of the search object becomes very important to the search planner.  If the search object is not in the region covered by the search, there is no chance of finding the search object.  Thus, the better the drift of an object is known, the more likely it will be found.  Shortening the search saves SAR resources, but more importantly, a shorter search increases the probability that the person(s) in distress will survive. 

H.3.4.1
Drift Theory.  Search object drift in the marine environment is caused by the combined effects of currents and drag acting on the underwater surface of the object below the waterline and winds acting on the exposed sail area of the object above the waterline.  It is assumed that objects tend to drift with the total water current, so the contribution that current makes to search object drift is the same as the total water current itself at that point in space and time.  Leeway is motion relative to the water that is caused by the wind acting against the exposed sail area of the object. Most objects do not have perfectly circular symmetry.  As a result, the balance of forces between the wind trying to move the object relative to the water and the drag the water exerts on the underwater surface of the object, the direction of the leeway tends to be to the left or right of the down wind direction rather than directly down wind.  It is necessary to allow for each of these two possibilities since it is assumed that port and starboard tacks are equally probable.  This in turn requires the computation of two drift velocity vectors and two datums as shown in Figure H-2 below.









Figure H-2  Vector Plot of Basic Surface Drift Velocities

H.3.4.2
Leeway (LW) is the movement through water caused by winds blowing against the exposed surfaces of the search object. The pushing force of the wind is countered by water drag on the under-water surface of the object. Most marine craft have a portion of the hull and superstructure (sail area) exposed above the water. The more sail area the search object has, the greater the wind force on the object. Completely submerged objects are assumed to have no leeway. The SMC should get information on the physical characteristics of the search object to determine the amount of leeway. 

(a)
Leeway Calculations.  Leeway is movement through the water caused by wind and waves acting on the search object.  These forces are countered by water drag on the underwater portion of the drift object.  This balance of forces results in a linear relationship between leeway speed and wind speed.  Leeway speed is simply the magnitude of the velocity of the object relative to the water and can be estimated using the following equations.

Equation 1:  Leeway speed (knots) = [Slope * Wind Speed (knots)] + Y_intercept (knots), for wind speeds greater than or equal to six knots.

Equation 2:  Leeway speed (knots) = [Slope + Y_intercept/6] * Wind Speed (knots), for wind speeds less than six knots.


The second equation ensures that zero wind speed produces zero leeway and that the computed leeway for a six-knot wind is the same for both equations.

(b)
Leeway Taxonomy.  Allen and Plourde (1999) conducted a review of twenty-six leeway field studies. Presented in their report is a systematic approach (taxonomy) to classify leeway objects by primary and secondary characteristics that affect their leeway drift. This taxonomy’s purpose is to provide a classification system that allows the search planner to identify an appropriate class for the drifting object of interest. 

Given the enormous diversity of objects for which a search planner could be expected to predict drift, the taxonomy was developed with seven object classification levels progressing from general to more specific leeway-determining characteristics (Table H-1).  These levels result in a “branching effect” for object classification that can be clearly seen in Figure H-3 where only the first three levels of the taxonomy are depicted.

Table H-1:  Names and descriptions of Leeway Drift Taxonomy Levels

	Taxonomy Level Number
	Level Name
	Level Descriptions

	Level 1
	Governmental Response Mechanism / Organizations
	•  Reflects governmental response mechanisms that are triggered

•  Reflects behavioral differences in response units

•  Identifies expected behavioral characteristics of the drift target

•  Reflects an expectation of the amount and types of datum information that may be available

	Level 2
	Primary Source of the Leeway Object
	•  Identifies the primary source of the drifting object

•  SAR targets originate from marine or aviation sources

•  Non-SAR targets originate from non-SAR sources

	Level 3
	Major Object Categories
	•  First level using specific drift object characteristics

•  Identifies broad categories of intended object use

•  Highest level that could possibly have leeway information

	Level 4
	Object Sub-Categories
	•  Identifies major divisions within drift object categories

•  First level for which the size or shape of the drift object determines its placement in the taxonomy

•  First level that considers the ratio of drift object surface area above and below the waterline

•  The majority of current target leeway drift information will be found at this level

	Level 5
	Primary Object Leeway Descriptor
	•  Identifies the drift object feature that exerts the greatest influence on the drift object leeway ratio (typically above or below the waterline)

•  Swamping or capsizing are dominant leeway characteristics

	Level 6
	Secondary Object Leeway Descriptor
	•  Identifies the drift object feature that exerts the second strongest influence on the drift object leeway ratio (typically the above or below the waterline features opposite the primary feature)

	Level 7
	External Modifiers
	•  Identifies those items that can affect an object’s leeway drift that have not been addressed in earlier levels

•  These items are usually controlled by the occupants onboard leeway targets

•  These items effectively modify the primary and secondary influences identified in Levels 5 and 6.




Figure H-3  Outline of the first three Leeway Drift Taxonomy levels.

(c)
Leeway Definitions and Calculations.  In conjunction with the development of the vessel taxonomy, the report by Allen and Plourde (1999) compiled the results from twenty-six leeway field tests, performed further analysis of other leeway studies, and presented results for general leeway categories.  Their results provide valuable information to assist in correct application of the most accurate leeway values.

The first four columns of Table H-3 are the systematic organization of SAR objects by their leeway drift characteristics (a portion of the vessel taxonomy).  The columns are organized from general to increasingly more specific following the taxonomy guidelines discussed above, however, the table actually begins with level three of the overall taxonomy.  This is because our primary SAR interests lie within the taxonomy level two classification: “Maritime Sources of SAR Targets” (Figure H-3). The fifth and sixth columns of Table H-3 are coefficients to the leeway speed versus wind speed equation (Eq. 1). The Slope coefficient is dimensionless and the Y-intercept has units of nautical miles per hour [kts].
Leeway divergence angle is the divergence of the drift object from the downwind direction due to the lack of symmetry of a drift object.  The seventh column in Table H-3 is the divergence leeway angle in degrees representing the average angle off the downwind direction.  This value can be used to determine search area size based on uncertainty in the direction of leeway drift.  Two examples to illustrate the use of Table H-3 are presented below:

Example 1
The search planner is looking for Persons-in-the-Water (PIWs) in winds of 15 KTS.  Information is lacking on their condition (conscious or unconscious) and whether they are wearing lifejackets or survival suits. Thus the general category PIW is chosen.  Equation (1) for general category of PIW for winds of 15 KTS is shown below.

	Leeway Target Class
	Leeway Speed
	Divergence

	Category
	Sub Categories
	Primary Leeway Descriptors
	Secondary Leeway Descriptors
	Slope


	Y-intercept (KTS)
	Angle

(deg)

	PIW
	
	
	
	0.011
	0.0680
	30

	
	Vertical
	
	
	0.005
	0.0739
	18

	
	Sitting
	
	
	0.012
	0.0004
	18

	
	Horizontal
	Survival Suit 
	
	0.014
	0.1011
	30

	
	
	Scuba Suit
	
	0.007
	0.0836
	30

	
	
	Deceased
	
	0.015
	0.0778
	30


Leeway speed (knots)  = [0.011* 15 knots] + 0.0680 knots  = 0.233 knots

Leeway Divergence Angle (degrees) = plus or minus 30 degrees.

Example 2
A fishing vessel has gone down, and four men were last seen entering their life raft in winds of 20 knots.  After talking with the fishing vessel’s home office, the manufacture and type of life raft on board is determined.  An illustration from the manufacturer catalogue of the life raft is available at the manufacturer's web site.  The search planner then enters Table H-3 at Survival Craft, moves through to the sub-category – Maritime Life Rafts, and then looking at the illustration from the manufacturer’s web site determines that the 4-6 person life raft has deep ballast bags and a canopy.  The search planner then goes to Sub-Table H-3A and finds the Capacity Modifier – 4-6 Person Capacity life rafts.  The search planner does not know if the fishermen deployed their drogue (Drogue Modifier).  Therefore, the search planner determines a search area, based upon a 4-6 person life raft. This scenario is shown below.

	Leeway Target Class
	Leeway Speed  (kts)
	Divergence

Angle

(deg)

	Category
	Sub Categories
	Primary Leeway Descriptors
	Secondary Leeway Descriptors
	Slope
	Y-intercept (kts)
	

	Survival

Craft
	Maritime

Life 

Rafts
	No

Ballast

Systems
	                    
	0.042
	0.0311
	28

	
	
	
	no canopy, no drogue
	0.057
	0.2119
	24

	
	
	
	no canopy, w/ drogue
	0.044
	-0.2002
	28

	
	
	
	canopy,  no drogue
	0.037
	0.1108
	24

	
	
	
	canopy, w/ drogue
	0.030
	0.0
	28

	
	
	Shallow 
	                     
	0.029
	-0.0039
	22

	
	
	Ballast
	no drogue      
	0.032
	-0.0194
	22

	
	
	Systems and
	with drogue   
	0.025
	0.0136
	22

	
	
	Canopy
	Capsized       
	0.017
	-0.1011
	8

	
	
	Deep Ballast Systems & Canopies
	(See TableH-3A for Levels 4-6)
	0.030
	0.0156
	13

	
	
	
	
	
	
	

	
	Other Maritime 
	 life capsule 
	
	0.038
	-0.0797
	22

	
	Survival Craft
	USCG Sea Rescue Kit 
	
	0.025
	-0.0408
	7

	
	Aviation 
	no ballast, w/canopy
	4-6 person, w/o drogue 
	0.037
	0.1108
	24

	
	Life Rafts
	Evac/ Slide
	46-person
	0.028
	-0.0117
	15


	Leeway Target Class
	Leeway Speed (kts)
	Divergence

	Secondary Leeway Descriptors
	Capacity Modifier
	Drogue Modifier
	Loading Modifier
	Slope


	Y-intercept 

(kts)
	Angle

(deg)

	Maritime

Life Rafts

with

Deep

Ballast

Systems

and

Canopies
	4-6

person

capacity
	
	
	0.029
	0.0389
	20

	
	
	without

drogue
	
	0.038
	-0.0408
	20

	
	
	
	light loading
	0.038
	-0.0408
	20

	
	
	
	heavy loading
	0.036
	-0.0292
	20

	
	
	with

drogue
	
	0.018
	0.0272
	16

	
	
	
	light loading
	0.016
	0.0525
	32

	
	
	
	heavy loading
	0.021
	0.0
	27

	
	15-25

person

capacity
	
	
	0.036
	-0.0855
	14

	
	
	w/o drogue
	light loading
	0.039
	-0.0603
	12

	
	
	with drogue
	heavy loading
	0.031
	-0.0700
	12

	
	Capsized
	
	
	0.009
	0.0
	16

	
	Swamped
	
	
	0.010
	-0.0428
	11


Leeway speed (knots)=[0.029* 20 knots] + 0.0389 knots  = 0.619 knots

Leeway Divergence Angle (degrees) = plus or minus 20 degrees

(d)
When utilizing these leeway values it should always be remembered that personnel onboard SAR targets are often able to change the target’s leeway drift in ways that are not possible to predict or account for in the taxonomy.  For instance a PIW may attempt to swim towards the nearest shore.

(e)
If wind speed is measured in knots Table H-3 should be used and if wind speed is available in cm/s use Table H-2 to perform conversions as needed.  The equation for Leeway Speed remains the same regardless of which values are used, but units must remain consistent.

Table H-2 Conversion Factors

	To Covert From
	To
	Multiply by:

	m/s
	knots
	1.94

	cm/s
	knots
	0.02

	knots
	m/s
	0.51

	knots
	cm/s
	51.44


(f)
Table H-3 was modified from the original report for operational use. 

(1) Y-intercept (in knots) was rounded to nearest 0.01 knots (0.5 cm/s).

(2) Several vertical lines between leeway target modifiers where removed, where they were did not add further sub-division for that class.

(3) Several horizontal lines were thickened to separate leeway categories.

(4) Two classes were added back in: Sewage Floatables and Medical Waste.

(5) Under the Sub-Class: Commercial Fishing Vessels, Primary Leeway Descriptors – Junk was changed to Asian Coastal F/V.
(6) The Divergence Angles reported in Allen and Plourde (1999) “Review of Leeway: Field Experiments and Implementation” have been adjusted for Manual SAR planning tools.  As recommended by the “Leeway Divergence” report, the original maximum values were divided by 1.35 and rounded up to the nearest degree to provide the average values appearing in this appendix. 

(7) One additional column was added; the Standard Error of the Leeway data.  These values are from Allen and Plourde (1999).  

Standard Error (knots) = Syx (cm/s) x 0.019438462 knots/cm/s x 1.1774 St.Error / St.Dev

The original Standard Error data was rounded to the nearest 0.01 knot.  The presented Standard Error column presents the Standard Error rounded up to the nearest 0.05 knots.

Rounding up the Standard Error is more inclusive of the error and presents the values to a reasonable degree of separation and simplicity. 
Table H-3  Leeway Speed and Direction Values for Drift Objects

	Leeway Target Class
	Leeway Speed (kts)
	Divergence Angle

(deg)
	St Err

(kts)

	Category
	Sub Categories
	Primary Leeway Descriptors
	Secondary Leeway Descriptors
	Slope
	Y-intercept (kts)
	
	

	PIW
	
	
	
	0.011
	0.07
	30
	0.35

	
	Vertical
	
	
	0.005
	0.07
	18
	0.25

	
	Sitting
	
	
	0.012
	0.00
	18
	0.05

	
	Horizontal
	Survival Suit 
	
	0.014
	0.10
	30
	0.05

	
	
	Scuba Suit
	
	0.007
	0.08
	30
	0.15

	
	
	Deceased   
	
	0.015
	0.08
	30
	0.25

	Survival

Craft
	Maritime

Life

Rafts
	No 

Ballast

Systems
	
	0.042
	0.03
	28
	0.35

	
	
	
	no canopy, no drogue
	0.057
	0.21
	24
	0.25

	
	
	
	no canopy, w/ drogue
	0.044
	-0.20
	28
	0.10

	
	
	
	canopy, no drogue
	0.037
	0.11
	24
	0.05

	
	
	
	canopy, w/ drogue
	0.030
	0.00
	28
	0.35

	
	
	Shallow 

Ballast

Systems and

Canopy
	                     
	0.029
	0.00
	22
	0.35

	
	
	
	no drogue      
	0.032
	-0.02
	22
	0.05

	
	
	
	with drogue   
	0.025
	0.01
	22
	0.10

	
	
	
	Capsized       
	0.017
	-0.10
	8
	0.05

	
	
	Deep Ballast 

Systems & Canopies
	(See Table H-3A 
	0.030
	0.02
	13
	0.20

	
	
	
	for Levels 4-6)
	
	
	
	

	
	Other Maritime 
Survival Craft
	Life capsule 
	
	0.038
	-0.08
	22
	0.05

	
	
	USCG Sea Rescue Kit 
	
	0.025
	-0.04
	7
	0.10

	
	Aviation 
Life Rafts
	No ballast, w/canopy
	4-6 person, w/o drogue 
	0.037
	0.11
	24
	0.05

	
	
	Evac/Slide
	4-6 person
	0.028
	-0.01
	15
	0.10

	Person-

Powered 

Craft
	Sea Kayak
	w/ Person on aft deck
	
	0.011
	0.24
	15
	0.10

	
	Surf board 
	w/ person 
	
	0.020
	0.00
	15
	0.25

	
	Windsurfer
	w/ person and mast 
	& sail in water
	0.023
	0.10
	12
	0.10


Table H-3 (Continued)  Leeway Speed and Direction Values for Drift Objects

	Leeway Target Class
	Leeway Speed (kts)
	Divergence

Angle

(deg)
	St Err

(kts)

	Category
	Sub Categories
	Primary Leeway Descriptors
	Secondary Leeway Descriptors
	Slope
	Y-intercept (kts)
	
	

	Sailing

Vessels
	Mono-hull
	Full Keel
	Deep Draft 
	0.030
	0.00
	48
	0.25

	
	
	Fin Keel
	Shoal Draft
	0.040
	0.00
	48
	0.25

	Power

Vessels
	Skiffs
	Flat Bottom
	Boston whaler 
	0.034
	0.04
	22
	0.05

	
	
	V-hull
	Std. Config.
	0.030
	0.08
	15
	0.10

	
	
	
	Swamped
	0.017
	0.00
	15
	0.10

	
	Sport Boats
	Cuddy Cabin
	Modified V-hull
	0.069
	-0.08
	19
	0.10

	
	Sport Fisher
	Center Console
	Open cockpit
	0.060
	-0.09
	22
	0.10

	Power

Vessels
	Commercial Fishing Vessels
	
	
	0.037
	0.02
	48
	0.35

	
	
	Sampans
	Hawaiian
	0.040
	0.00
	48
	0.25

	
	
	Side-stern Trawler
	Japanese
	0.042
	0.00
	48
	0.25

	
	
	Longliners
	Japanese
	0.037
	0.00
	48
	0.25

	
	
	Asian Coastal F/V
	Korean
	0.027
	0.10
	48
	0.10

	
	
	Gill-netter
	w/rear reel
	0.040
	0.01
	33
	0.10

	
	Coastal Freighter
	
	
	0.028
	0.00
	48
	0.25

	Boating

Debris
	F/V debris
	
	
	0.020
	0.00
	10
	0.25

	
	Bait/wharf box holds a cubic meter of ice
	
	
	0.013
	0.27
	31
	0.15

	
	
	lightly loaded 
	
	0.026
	0.18
	15
	0.10

	
	
	fully loaded 
	
	0.016
	0.16
	33
	0.10

	Misc. 

SAR

Objects
	Immigration Vessel
	Cuban refugee raft
	w/o sail  
	0.015
	0.17
	17
	0.05

	
	
	
	w/ sail  
	0.079
	-0.17
	33
	0.15

	
	Sewage Floatables
	Tampon Applicators
	
	0.018
	0.00
	5
	0.35

	
	Medical Waste
	Vials & Syringes
	
	0.028
	0.00
	10
	0.35


Sub–Table H-3A  Sub-Table for Maritime Life Rafts with Deep Ballast Systems and Canopies

	Leeway Target Class
	Leeway Speed (kts)
	DivergenceAngle

(deg)
	St. Error

(kts)

	Secondary Leeway Descriptors
	Capacity Modifier
	Drogue Modifier
	Loading Modifier
	Slope
	Y-intercept (kts)
	
	

	Maritime

Life Rafts

with

Deep

Ballast

Systems

and

Canopies
	4-6

person

capacity
	
	
	0.029
	0.04
	15
	0.20

	
	
	w/o

drogue
	
	0.038
	-0.04
	15
	0.15

	
	
	
	light loading
	0.038
	-0.04
	15
	0.15

	
	
	
	heavy loading
	0.036
	-0.03
	15
	0.10

	
	
	with

drogue
	
	0.018
	0.03
	12
	0.10

	
	
	
	light loading
	0.016
	0.05
	24
	0.10

	
	
	
	heavy loading
	0.021
	0.00
	20
	0.10

	
	15-25

person

capacity
	
	
	0.036
	-0.09
	10
	0.15

	
	
	w/o drogue
	light loading
	0.039
	-0.06
	9
	0.10

	
	
	with drogue
	heavy loading
	0.031
	-0.07
	9 
	0.10

	
	Capsized
	
	
	0.009
	0.00
	12
	0.10

	
	Swamped
	
	
	0.010
	-0.04
	8
	0.05


(g)
Taxonomy class Definitions/Descriptions.  The following section provides information about each of the leeway drift objects in Table H-3.  For each description, the target characteristics are summarized and pictures are provided where available.  These target descriptions are in no way meant to be all-inclusive.  They are intended to assist a search planner in target identification.  Proper identification will make the application of more specific leeway values possible.  Some categories in Table H-3 do not require further explanation and therefore descriptions/pictures are not included.  The SAR planner should also be reminded that any classification system would have overlap between some categories.  In these cases, a decision must be made about the most probable situation.

(1) PIW.  Persons in the water including persons without any floatation, and those with a throwable cushion, with a PFD, in an anti-exposure suit and in survival/immersion suits.
(i) Vertical.  Generally requires a conscious and active PIW to maintain this position.  PIWs wearing a sport/work vest, anti-exposure suit, or float coat or having no flotation must actively maintain a vertical position in the water or become victims in the horizontal position.
(ii) Sitting.  The classic fetal position with legs drawn up and arms huddled across the PFD.  This is the preferred position a conscious or unconscious person assumes, especially in cold water, when wearing offshore lifejackets, horse-collar lifejackets, or inflatable vests. A conscious PIW hanging onto a throwable device will also assume the sitting position until he become unconscious at which time he become a victim. 
(iii) Horizontal.  Three separate configurations place the PIW in a horizontal position. A conscious or unconscious PIW wearing a survival suit will float flat on his back. A PIW in scuba gear, with an inflated buoyancy vest, will float in a semi-reclined position. The classic floating position of a victim is floating face down in the water. 
(2) Maritime Survival Craft.  Includes life rafts, lifeboats, and life capsules.  It does not include dinghies or inflatable boats that may be carried for the same purpose.  (Figure H-4)
(i) Maritime Life Rafts.  If there is any question about what type of life raft a vessel may carry, a phone call to life raft repair and repackaging facilities close to the homeport of the distressed vessel may provide ballast, canopy, size, and drogue information.
· Shallow Ballast.  Consists of a series of fabric pockets generally 4 inches in diameter and less than six inches in depth.
· Deep Ballast.  Consist of large fabric bags, from 3-7 on the raft, that are at least 1’x 2’ x 2’.
(ii) Other Maritime Survival Craft

· Life Capsule.  Fully enclosed crafts commonly used on large merchant and military vessels.
(iii) Aviation Life Rafts.  Fall basically into two groups, life rafts and slide rafts.  Aviation life rafts are similar to marine life rafts, but are usually made from lighter materials. 
· Evacuation/Slide.  Slide rafts are specifically designed devices intended to ease evacuation from an aircraft.  They mount to doorframes or near wing emergency exits and are cut loose from the airframe once fully loaded.
(3) Person- Powered Craft.  Includes all forms of rowed or paddled boats including rowboats, inflatable boats without motors, canoes, kayaks, surfboards and windsurfers.  (Figure H-5)
(4) Mono-hull Sailing Vessel.  It is assumed that all targets in this category are adrift; therefore sails are down or missing and the crew is unable to maneuver the vessel at all.    For small centerboard sailing vessels typically used for racing and day sailing, assume the centerboard functions as a shoal-draft fin keel.
(i) Full Keel.  Small to medium sized sailboats whose keel runs the full length or nearly the full length of the hull.  While the forward portion of the keel is modified or eliminated on some full keel sailboats, the keel on all full keel sailboats extends aft to the rudder.  This is an old hull design and is not commonly used in new hull construction due to the relatively slow sailing speeds of this hull design.  (Figure H-6)
(ii) Fin Keel.  Small to medium sized sailboats with permanent keel skegs that do not extend aft to the rudder.  (Figure H-7)
(5) Skiffs.  Open boats less than 20 ft long that use an outboard motor as the primary source of propulsion.  Some have characteristics identical to rowed boats with the exception that an outboard motor has been attached to the stern.  This group includes, but is not limited to, tenders for larger vessels, bass boats, hunting boats, Jon boats, and a large category of utility boats.  Skiffs are usually found on lakes and rivers, but are also common in the calm waters of many bays and rivers that provide access to the open ocean.  Flat bottom skiffs include both those with truly flat bottoms and those like Boston whalers that have multiple shallow Vs to improve stability. (Figure H-8)
(6) Personal Water Craft.  Include a number of different designs for one or more persons.  Generally there are stand up models and ride on models.  Some craft marketed as PWC closely resemble small sport boats.  Most PWC’s have water jet propulsion.  No leeway drift experiments have yet been performed on PWC’s and they do not appear within Table H-3.  Leeway category choice should be based on number of passengers/loading, size of PWC (draft, length, freeboard) of PWC.  These factors may be comparable (not exact) to several other leeway targets.  (Figure H-9)
(7) Sport Boats.  Includes pleasure craft from 15 to 28 feet long with beam widths from roughly 6 to 9 feet.  They include metal, fiberglass, and wood vessels with a V, modified-V, or deep-V hull form.  Sport boats can be outfitted with inboard, outboard, or I/O propulsion.  This category includes side console (closed bow and bow riders) and cuddy cabin boats.  (Figure H-10)
(8) Sport Fisher.  Include pleasure and commercial craft form 17 to approximately 100 feet long with beam widths up to 24 feet.  The majority are between 30 and 50 feet long, with beam widths between 10 and 15 feet. This class includes both semi-displacement and planning hull forms that can be outfitted with inboard, outboard, or I/O propulsion.  This category includes boats with simple center console or walk-round cabin.  Convertibles are sport fishers with a walk around cabin and flying bridge.  Convertibles designed for offshore fishing may also have a spotting tower.  Many convertibles provide extended cruising capabilities similar to sport cruisers, but their after deck design provides a larger open area to work fishing gear.  Some of these vessels can also be found in the cruiser or motor yacht categories. (Figure H-11)
(9) Commercial Fishing Vessels.  Include vessels from 45 to 100 feet long designed for fishing or shell fishing in coastal and ocean waters.  They include side and stern trawling rigs, long liners, bottom dragging rigs, and purse seiners.  Pole fishers are simply modified use of a sport fisher or sport cruiser and should be treated as such.  Commercial fishers can be working alone, as paired vessels, or can be the mother ship to a group of smaller fishing skiffs.  These vessels have different design features based on their purpose, but all have some form of deckhouse and an open area from which nets can lines are worked.  A deck winch and boom system is commonly used to handle nets or lines.  (Figure H-12)
(10) Coastal Freighter.  Include a wide range of commercial shipping platforms up to 100 feet in length.  These vessels transfer cargo from one port to another, and shipping agents can provide estimated voyage schedules.  Coastal freighters include vessels with a deckhouse on the forecastle, a midships deckhouse (common to cargo vessels), and an aft deckhouse (common to tankers and container ships).  Leeway of these vessels will of course not only vary with respect to deckhouse location; it will also be greatly affected by loading, amount, and type of cargo. (Figure H-13)
(11) Boating Debris.  Includes any debris that can be expected from a boat that is sinking and/or breaking up.  It may include paper or plastic containers, bedding or clothing, and a variety of fragmented boat sections.

(i) Fishing debris.  Debris typical to a fishing vessel such as lifejacket, life ring, fishing float balls, fishing box lid, or wooden boards.

(ii) Bait/wharf box.  Commercially available 1.1 X1.5 meter plastic box used by commercial fisherman for holding ice and/or fish. Although not it’s intended use, it could also serve as a floatation/life raft by persons in distress.
· lightly loaded.  Approximately 200 lbs (simulation of one person)
· full loaded.  Approximately 800 lbs (simulation of four persons)

(12) Immigration Vessel.  Refer to particular types of vessels typically employed in the business of illegally transporting alien persons to U.S. ports.  This ranges from small coastal vessels to sailing vessels to homemade rafts and inner tubes.  The districts along the southern U.S. coast and Caribbean territories are most likely to encounter these leeway targets.
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Figure H-4  Maritime Survival Craft
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Figure H-5  Person-Powered Craft

	[image: image11.png]



	[image: image12.png]




	Open Cockpit
	Cabin


Figure H-6  Full Keel One-design Sailboat
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Figure H-7  Fin Keel One-design Sailboat
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Figure H-8  Skiffs
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Figure H-9  Personal Water Craft
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Figure H-10  Sport Boats
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Figure H-11  Sport Fishers

	[image: image25.png]



	[image: image26.wmf]

	Side Trawler


	Stern Trawler

	[image: image27.png]Wind
spooler





	[image: image28.png]Stored .
floats & Swing boom

lines

Wheelhouse




	[image: image29.png]Power
Block
Stored

urse

P
Seine






	Gillnetter


	Longliner
	Purse Seiner

	[image: image30.png]FLYING
[ 13




	[image: image31.png]Wheelhouse

Small boat




	[image: image32.wmf]

	Trap Boat
	Sampan
	Lobster Boat


Figure H-12  Commercial Fishers
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Figure H-13  Coastal Freighters

H.3.4.3
Sea Current (SC) is the residual current when currents caused by tides and local winds are subtracted from local current. It is the main large-scale flow of ocean waters. Near shore or in shallow waters, sea current is usually less important than the tidal current or the local wind-driven current. The strongest sea currents exist near the edge of the continental shelf and are usually referred to as boundary currents. The strongest of these are generally on the western sides of ocean basins.  Sea currents are driven by the energy of large-scale wind systems, the slight elevation of the ocean surface toward the center of ocean basins, and the interaction of ocean water masses of different densities.

(a) The preferred source of sea current information for most of the world’s oceans is the Seasonal Mariano Global Surface Velocity files.  Other sources include Naval Oceanographic Office Special Publication series 1400, Section 1 of the Oceanographic Atlas, the Atlas of Surface Currents, Pilot Charts, and the Defense Mapping Agency. These data sources are useful for estimating drift under “normal” or “average” conditions, but they may not accurately reflect the current on any particular day.  In certain areas, such as the Florida Straits and the Western North Atlantic Ocean (a.k.a. Gulf Stream), special high-resolution regional sea current data products are available.  Where available, such regional files are the preferred source for sea current data.  The Florida Straits data is from climatology and requires the addition of local wind current to obtain total water current.  The “Gulf Stream” data is based on a coupled atmospheric/oceanographic model that includes the wind driven component.  Therefore, wind current should not be added to currents from this source.  Both of these data sets are available from OSC through the “CURRENTS” display.

(b) Sea currents are not always steady. Their variability in both speed and direction can be great. Averages should be used with caution.

(c) Charts and atlases from which sea current data is obtained are derived from averaging past shipboard observations of drift.  Observations are biased by a persistent wind current in regions dominated by trade winds (persistent winds from the same quadrant 75% of the time) as part of the observed sea current. Unless sea current for these regions is obtained from a better source, such as special current charts based on the average hydrography of the area, the resultant drift vector may not be accurate. For regions of persistent winds:

(1) If winds blow persistently within normal range of direction and speed, find the drift vector by omitting wind current effect from the vector diagram, and using only a sea current vector and leeway.

(2) If winds blow outside normal range of direction or speed for a period greater than 24 hours during the preceding 48 hours, use a correction vector to subtract the effect of persistent wind from sea current. The correction vector is found by computing the wind-driven current that the persistent wind would cause and reverse its direction. Considering the normal range of persistent wind, the best estimate of median direction and speed should be used.  Once the “corrected” sea current vector is computed in this fashion, compute the wind current in the usual way and add it to the “corrected” sea current.

H.3.4.4
Wind Current (WC) or wind-driven current, is generated by the wind acting on the water surface over a period of time.  As a wind blows over water, it causes horizontal water movement that grows with wind speed and duration.  The method for computing wind current given below shall be used by USCG search planners.  It replaces the method given in the IAMSAR Manual, Volume II.

(a) For areas that are more than 20 nautical miles from shore and have water depths greater than 100feet, wind current is computed using Table H-4 using recent wind history and forecasts.  Wind currents also exist nearer shore along coasts and in lakes, rivers, harbors estuaries, etc.  However, estimating wind current in these areas requires complex computer models tailored to the specific area.  Therefore, wind current is not computed for manual search planning under these circumstances.  Search planners should be alert for unusually strong winds that could affect the normal current flow in coastal or restricted waters and should seek assistance from the appropriate NOAA or USN METOC offices in these instances.

(b) In offshore areas, wind observations should be obtained beginning 48 hours before the assumed time the distressed craft began drifting. Accuracy of calculation is less with shorter wind histories. Forecasts should be used through the time period containing datum. On scene wind data should agree with the general circulation shown on area surface weather charts; if it does not, it should be either confirmed or disregarded.  Generally, surface winds are directed 20° toward the low-pressure side of isobars on surface weather charts.

(1) Wind history is wind speed and direction near datum for the previous 48 hours, divided into 6-hour periods. Period 1 is the most recent 6 hours, period 2 the next most recent, and so on. Because wind observations are often avail​able only at normal synoptic hours (0000Z, 0600Z, 1200Z, and 1800Z), it is best to select the wind interval that begins and ends midway between the synoptic hours bracketing the reported wind time. All other wind intervals also begin and end midway between normal synoptic hours.

(2) For each period, wind speed and direction are determined by using observed wind for the midpoint of the time period. When hourly winds are available, average wind speed over the time period is used. Wind speeds must be averaged vectorially.

(c) Wind current computation involves the following considerations:

(1) Wind current should be calculated in 48-hour periods made up of sub-periods of 6 hours or less. The first period should begin at the time of datum and move backward for eight 6-hour periods.

(2) The contribution that winds from each sub-period make should be determined and then added. The column in Table H-4a or H-4b with the latitude closest to the position where local wind current is calculated (do not interpolate) is selected.

(3) For each time period in Table H-4a, the lower number shows the relationship between wind speed and current speed, and the upper number shows the relationship between wind direction and current direction. The current speed of each period is found by multiplying wind speed by the lower number. The current direction for each period is determined by adding the upper number to the direction from which the wind blew. These contributions from each time period are added vectorially to obtain local wind current at the desired place and time.
Table H-4a  Wind Current - North Latitudes

	
	NORTH LATITUDES

	Period
	0(N
	5(N
	10(N
	15(N
	20(N
	25(N
	30(N
	35(N
	40(N
	45(N
	50(N
	55(N
	60(N
	65(N

	1
	With sustained winds of 6 hours or more wind current speed will be 5% of wind speed with direction downwind.
	185(
	190(
	196(
	200(
	205(
	210(
	214(
	217(
	221(
	224(
	226(
	228(
	230(

	
	
	0.029
	0.028
	0.028
	0.027
	0.027
	0.026
	0.025
	0.024
	0.023
	0.022
	0.021
	0.020
	0.020

	2
	
	203(
	226(
	249(
	271(
	292(
	312(
	332(
	350(
	007(
	022(
	036(
	049(
	059(

	
	
	0.012
	0.012
	0.012
	0.011
	0.011
	0.011
	0.011
	0.010
	0.010
	0.009
	0.009
	0.009
	0.008

	3
	
	219(
	258(
	296(
	333(
	009(
	043(
	076(
	107(
	136(
	162(
	186(
	207(
	224(

	
	
	0.009
	0.009
	0.009
	0.009
	0.008
	0.008
	0.008
	0.008
	0.007
	0.007
	0.007
	0.007
	0.006

	4
	
	235(
	289(
	342(
	035(
	085(
	134(
	180(
	223(
	264(
	301(
	334(
	003(
	028(

	
	
	0.008
	0.008
	0.008
	0.007
	0.007
	0.007
	0.007
	0.006
	0.006
	0.006
	0.006
	0.006
	0.005

	5
	
	250(
	320(
	029(
	096(
	162(
	224(
	283(
	339(
	031(
	079(
	121(
	159(
	192(

	
	
	0.007
	0.007
	0.007
	0.006
	0.006
	0.006
	0.006
	0.006
	0.005
	0.005
	0.005
	0.005
	0.004

	6
	
	266(
	352(
	076(
	158(
	238(
	314(
	027(
	095(
	159(
	217(
	269(
	315(
	355(

	
	
	0.006
	0.006
	0.006
	0.006
	0.006
	0.005
	0.005
	0.005
	0.004
	0.004
	0.004
	0.004
	0.004

	7
	
	282(
	023(
	123(
	220(
	314(
	044(
	130(
	211(
	286(
	355(
	056(
	111(
	158(

	
	
	0.006
	0.006
	0.006
	0.005
	0.005
	0.005
	0.005
	0.004
	0.004
	0.004
	0.004
	0.003
	0.003

	8
	
	298(
	054(
	169(
	281(
	030(
	134(
	233(
	327(
	053(
	132(
	204(
	267(
	321(

	
	
	0.005
	0.005
	0.005
	0.005
	0.005
	0.004
	0.004
	0.004
	0.004
	0.003
	0.003
	0.003
	0.003


Note:
In each time period, the number shows the relationship between wind direction and current direction, and the lower number shows the relationship between wind speed and current speed.

Table H-4b  Wind Current - South Latitudes

	
	SOUTH LATITUDES

	Period
	0(S
	5(S
	10(S
	15(S
	20(S
	25(S
	30(S
	35(S
	40(S
	45(S
	50(S
	55(S
	60(S
	65(S

	1
	With sustained winds of 6 hours or more wind current speed will be 5% of wind speed with direction downwind.
	175(
	170(
	164(
	160(
	155(
	150(
	146(
	143(
	139(
	136(
	134(
	132(
	130(

	
	
	0.029
	0.028
	0.028
	0.027
	0.027
	0.026
	0.025
	0.024
	0.023
	0.022
	0.021
	0.020
	0.020

	2
	
	157(
	134(
	111(
	089(
	068(
	048(
	028(
	010(
	353(
	338(
	324(
	311(
	301(

	
	
	0.012
	0.012
	0.012
	0.011
	0.011
	0.011
	0.011
	0.010
	0.010
	0.009
	0.009
	0.009
	0.008

	3
	
	141(
	102(
	064(
	027(
	351(
	317(
	284(
	253(
	224(
	198(
	174(
	153(
	136(

	
	
	0.009
	0.009
	0.009
	0.009
	0.008
	0.008
	0.008
	0.008
	0.007
	0.007
	0.007
	0.007
	0.006

	4
	
	125(
	071(
	018(
	325(
	275(
	226(
	180(
	137(
	396(
	059(
	026(
	357(
	332(

	
	
	0.008
	0.008
	0.008
	0.007
	0.007
	0.007
	0.007
	0.006
	0.006
	0.006
	0.006
	0.006
	0.005

	5
	
	110(
	040(
	331(
	264(
	198(
	136(
	077(
	021(
	329(
	281(
	239(
	201(
	168(

	
	
	0.007
	0.007
	0.007
	0.006
	0.006
	0.006
	0.006
	0.006
	0.005
	0.005
	0.005
	0.005
	0.004

	6
	
	094(
	008(
	284(
	202(
	122(
	046(
	333(
	265(
	201(
	143(
	091(
	045(
	005(

	
	
	0.006
	0.006
	0.006
	0.006
	0.006
	0.005
	0.005
	0.005
	0.004
	0.004
	0.004
	0.004
	0.004

	7
	
	078(
	337(
	237(
	140(
	046(
	316(
	230(
	149(
	074(
	005(
	304(
	249(
	202(

	
	
	0.006
	0.006
	0.006
	0.005
	0.005
	0.005
	0.005
	0.004
	0.004
	0.004
	0.004
	0.003
	0.003

	8
	
	062(
	306(
	191(
	079(
	330(
	226(
	127(
	033(
	307(
	228(
	156(
	093(
	039(

	
	
	0.005
	0.005
	0.005
	0.005
	0.005
	0.004
	0.004
	0.004
	0.004
	0.003
	0.003
	0.003
	0.003


H.3.4.5
Tidal Current (TC) is found in coastal waters, and changes direction and velocity as the tide changes. The effect of the tide on currents in any area may be found by consulting current tables and charts, or by seeking local knowledge. Calculating wind and sea currents close to landmasses is normally not possible. Therefore, drift computations depend on tidal current and leeway. Procedures for determining tidal current vectors are provided with the worksheets in this Appendix, and the appropriate tidal current manual.

(a) With reversing currents that abruptly change direction approximately 180 degrees, the effect in one direction is normally greater than in the other, causing a net drift in one direction.

(b) With rotary tidal currents, an object will generally follow an elliptical path.

(c) The cumulative effect of tidal current and leeway may move the object into the influence of different tidal conditions or to where sea current takes effect. Consideration may shift from tidal to sea current in the later stages of a SAR case. Intermediate datums should be computed for small periods of time to account for different influences.

(d) Nearby landmasses may also affect tidal current. Inlets will channel and release a current, often in a different direction at the inlet mouth. When an object drifts near the mouth of a bay or inlet, manuals can be used to see whether tidal current data has changed.

H.3.4.6
Other Water Currents affecting search objects are usually difficult to calculate.

(a) Lake Current (LC) information usually comes from local knowledge, charts, tables, or computer models. A current in a large lake can vary with season, weather, or time of day.

(b) River Current (RC) information can usually be obtained from published data, local knowledge, or direct observation. Current data is published for most large rivers. The National Ocean Survey and the Army Corps of Engineers are the primary sources of information or river currents. In areas where a river discharges into the ocean, tidal current can affect river current upstream, and river current can affect tidal and sea currents. If offshore current is present, the SMC should not expect the river discharge to fan out symmetrically, but should expect displacement in the direction of the offshore current, as shown in Figure H-14. Local colleges or universities may be a source of specific knowledge regarding this interface.

[image: image35.wmf]NO OFFSHORE CURRENT

OFFSHORE CURRENT PRESENT

RIVER

OFFSHORE

WATER

OFFSHORE

CURRENT

BOUNDARY

RIVER


Figure H-14  River Currents

(c) Bottom Current (BC) should be considered in underwater incidents. Bottom current is usually not strong enough to move a sunken object, including a body. However, if current exceeds 4 to 5 knots, as in a rain-swollen river, the sunken target may tumble along the bottom. Bottom current information can be obtained from the Defense Mapping Agency Oceanographic Atlas for certain harbor, coastal, and ocean areas. Also, Defense Mapping Agency or Naval Fleet Weather Centers may be able to provide special analysis services for underwater and bottom currents. For bottom currents in harbor areas the Army Corps of Engineers should be consulted.

(d) Swell/Wave Currents (SWC) may, in the absence of winds, affect rafts and other small marine craft. Because SWC speed is slight, this drift force is usually disregarded. However, it may be useful for determining probable direction of target movement.

(e) Surf Current (SUC) is considered only for coastal surf areas and is more of a factor in rescue or salvage than in search planning. Surf current will move the object perpendicular to the line of breakers toward the shore. The object will also be displaced in the direction of any along-shore current.

H.3.4.7
Total Water Current (TWC) is the vector sum of currents affecting the search object. The best information on total water current is usually obtained from a Datum Marker Buoy (DMB).

(a) SLDMBs (Self-Locating Datum Marker Buoys), DMBs and sonobuoys are droppable floating beacons transmitting a signal on UHF frequencies or to a satellite tracking system (SLDMBs). The buoy drifts with surface currents, but shows no leeway.  Of the three, SLDMBs provide the most accurate data on the water movement due to their specific design.  Each standard DMB used on scene should operate on a different frequency to preclude confusion over DMB origin.  SLDMB serial number must be noted to track that particular buoy’s data.

(b) With minimal current, first-day standard DMB observations may be questionable because of SRU navigational error. The average over 2 to 3 days can reduce the effect of such error. DMBs should be inserted or relocated as accurately as navigational systems permit.  SLDMB data can be used throughout a search.

(c) Information on currents obtained by a DMB should be used with caution. It provides information only while in the water and represents total water current (sea current and wind-driven current) valid only during the time of deployment and for the water area through which it traveled. Even so, it is probably a more accurate representation of current than that previously calculated from historical and statistical data. If there is a wide disparity between DMB and planning information, the SMC should consider adjusting search areas and/or datum.

(d) To preclude diversion from planned search patterns, SRUs should relocate radio beacon DMBs only at the beginning or end of search.  SLDMBs do not require relocation by search units.  SLDMBs are preferred for that reason and because each SLDMB has a GPS receiver that provides more much more frequent and more accurate positioning than relocation by SRU could ever provide.

(e) Other on scene observations can improve the accuracy of drift estimates where information from normal sources (NOAA, U.S. Navy, SLDMB/DMB, SRUs on scene) is not available. Ships and stations near the incident can be asked for recent wind and local current observations, but these should also be used with caution.  The quality of the observations is often unknown and affected by method and instrumentation used (calibration and location of instruments, etc.).  These sources also do not provide predictions needed for planning purposes.

H.3.5
Enclosed and Coastal Waters

H.3.5.1
Drift in enclosed and coastal waters is derived by adding leeway and current vectors for the incident area in the same way as described above for the open ocean, except that wind current is not computed.  Currents in enclosed and coastal waters tend to be more complex and variable than in the open ocean.
H.3.5.2
Leeway speed is calculated using the leeway speed values from Table H-3 and equations in paragraph H.3.4.2(a). Leeway direction is computed using the leeway divergence angles from Table H-3.

H.3.5.3
Two currents normally encountered in coastal environments are tidal and wind-driven currents. However, other currents should be included in calculations if their effect is significant.

(a) After leeway, tidal currents cause the greatest drift for most objects. Procedures for determining tidal current vectors are provided with the worksheets in this Appendix, and the appropriate tidal current manual.

(b) Wind current, normally present where the wind has a long enough fetch to generate sufficient stress on the water surface, is difficult to quantify. The tidal current manual for the East Coast of the United States has a wind current table based on historical data. Most other areas have no data. Whether to compute a wind current depends on SMC local knowledge and the environmental parameters. Wind current for enclosed and coastal areas, including water depths less than 100 feet and distances closer than 20 miles from shore, is not normally calculated because of variability and short fetch distances. On some larger or deeper lakes, such as the Great Lakes, wind current can be determined with reasonable accuracy.

H.3.6
Dealing with Other Sources of Uncertainty
H.3.6.1
The methods discussed so far have dealt only with situations where an initial position can be established or estimated for a specific point in time, there is only one type of search object, and the environmental conditions are more or less constant over the area containing the search object.  Actual situations can be much more complex.  In such cases it may be necessary to compute multiple drift updates resulting in multiple datums.    A few examples of when this might be necessary are:

(a) The time and place of the distress incident are reasonably well known, but the type of search object is unknown (e.g., sailboat disabled and adrift, 4-person life raft adrift, and PIWs adrift are all possibilities).

(b) The craft’s intended track is known but the time of the distress is unknown and the craft’s pre-distress location cannot be accurately estimated for any given time after it was last known to be safe (e.g., departure time from port could have been any time between midnight and 0600, speed made good along the intended track could have been anything between 12 and 16 knots).

(c) The destination is uncertain (e.g., vessel was either going north to fishing area A or south to fishing area B).

(d) The destination is known but the route is not (e.g., there are two distinct routes that could have been taken).

H.3.6.2
The four examples given above illustrate two distinct kinds of situation for the search planner.  In the first two, there is a single basic scenario from which a picture may be inferred about when and where a distress incident may have occurred and what its immediate outcome may have been.  This is obvious in the first example. In the second example, the “where” is answered by the intended track and the “when” for any point along that track is may be inferred from the ranges of departure times and speeds.


For the last two examples above, there are distinctly different scenarios about the circumstances leading up to the distress incident.  In (c), the vessel could not be going to both fishing areas at once nor was there a continuous range of possible destinations between areas A and B.  Two mutually exclusive scenarios have to be considered.  The same is presumably true of (d).  The two routes are certainly mutually exclusive (even if some legs are in common) since the craft could not follow both routes at once.  If two specific routes suggest themselves from the available data and no others seem plausible, then there is no continuum of possible “intermediate” routes, either.
H.3.6.3
The SMC should consider the full range of possibilities when deciding how many datums to compute.  For manual search planning, it is generally feasible to consider only the two or three most important of the unknown variables or the two or three most probable scenarios.  “Importance” in this context means the variables that will have the most impact the outcome of the case.  This could mean the most impact on search area size or it could be more related to expected survivor lifetime remaining.  Even though PIWs may not be the most probable search object in a particular case, they could easily be the most important search object for the first search due to limited expected survival time.

H.3.6.4
The complexity of real-world SAR situations can quickly outstrip the capabilities of manual methods.  When the search planner sees that it will take many datum updates to cover the range of possibilities, CASP must be used since it is the only tool presently capable of dealing with such complexity.

H.3.7
Computing Subsequent Datums

If the first search fails to locate the survivors, additional searches must be planned and carried out.  Since virtually all objects exhibit leeway divergence, a drift update from a single initial position produces two datums.  If additional searching is required, it is not immediately obvious how to proceed when two datums are available as starting points.  Several possibilities suggest themselves:

(a)
Compute the datums for the next search by starting with the original initial position.

(b)
Compute new datums by using each of the two “first search” datums as “initial positions” for the next drift interval.

(c)
Choose a position halfway between the two “first search” datums as the “initial position” for the next drift interval.

The first choice may require computing each of the two drift trajectories in steps in order to account for changes in the environmental factors over time and space.  One advantage is that this method allows the search planner to account for updates in wind and current data since the previous datums were computed.  Because the last portion of a drift update that is being used to plan a search must necessarily use forecast rather than actual observed data, this could be important, especially when forecasts prove to be inaccurate.  The disadvantage, especially for manual methods, is that the longer the drift intervals from the initial position to the planned search time, the greater the amount of data and computations that are necessary.  It is also possible for constantly veering or backing winds to eventually cause the datums to start converging rather than continue diverging.

The second choice has several disadvantages.  First, it does not provide for re-computation when forecast data is replaced by observed or “analysis” data.  Second, it produces a binary “explosion” of calculations:  One initial position produces two datums, these then produce four datums, the next iteration produces eight datums, etc.  An apparent “solution” to this problem is to assume that objects never change tack with respect to the wind, i.e., an object with leeway to the right of the down wind direction always has leeway to the right of the down wind direction.  This brings it more in line with the first choice above, but the possibility of converging datums remains.

Although the third choice is also a compromise, it is still a viable solution when the forecast data used to plan the search proves to be accurate.  When that is not the case, the two datums should be re-computed from more accurate environmental data before proceeding with the next drift update.  The only remaining problem is how to establish the probable error (X2) for the new “initial position.”  As long as the datums are not too far apart (either a small distance in nautical miles or less than four times the total probable error of position), a reasonable estimate of the probable error is the radius of a circle centered halfway between the two datums that just includes the individual probable error circles for each datum as shown in Figure H-15.  This actually overestimates the probable error of position somewhat, but there is no easy way to obtain a more accurate estimate for the radius of a circle that contains just 50% of the possible search object positions.  JAWS uses  the point halfway between the datums as the “initial position” for the next drift update, but it computes a more accurate and somewhat smaller estimate of the probable error around this position.  An added advantage to this method is regularity.  Each drift update always starts with a single initial position and produces two datums.


[image: image36]
Figure H-15  Establishing a Starting Position and Position Error for Subsequent Drift

Section H.4

Search Area

The search area is the geographic area determined by the SMC as the best area to search for survivors. The amount of error inherent in the drift calculations, the uncertainty about the actual position of the distress, and the navigational capabilities of the SRU are used to calculate the total probable error of position (E).  A search radius (R) is then computed from E and the amount of search effort (Z) available at the scene. The dilemma often faced by search planners is how to balance search area size (characterized by the search radius) and coverage for a finite amount of available effort.  Increasing R causes more area to be covered, thus increasing POC, but it also causes the available effort to be spread more thinly, thus decreasing coverage and consequently decreasing POD.  Decreasing R has the opposite effects.  Since the goal of search planning is to maximize the product of POC and POD, i.e., to maximize POS (= POC x POD), the goal is to find the search radius where this occurs for the amount of search effort that is available.  However, there are also other considerations.

(a) For areas such as large lakes, rivers, sounds, bays, or other coastal areas, the search area may depend on physical restrictions and time required to respond.

(1) When response times are short, the SMC may use a standard radius, adjusted for physical surroundings. In areas where a search can begin in less than 6 hours, a radius of 6 nautical miles is usually large enough to include most search objects.

(2) Expanding the area based on drift calculations may place a large part of the area ashore or move datum into the ocean. If the SMC determines the object probably has moved into open ocean, and the standard radius may not apply, additional planning may be needed.

(b) For open-ocean incidents, mathematical methods exist to determine R because drift estimation is more straightforward. The method described in the following paragraph is used primarily for air and watercraft, but could also be used for inland or coastal region planning.

H.4.1
Total Probable Error
H.4.1.1
Total Probable Error (E) is a mathematical tool in the process of determining the search area.  It is based on the probable errors in estimation of drift (De), initial position of the incident (X), and navigational capability of the SRU (Y).

H.4.1.2
Total Drift Error (De) accounts for errors in estimating drift and is used when determining E. 

(a) Drift velocity error depends on the probable errors in the wind, current, and leeway velocities used to compute drift.  The IAMSAR Manual provides default values and the method for estimating the total probable drift velocity error from the probable errors associated with the individual velocities used to compute the drift.  A useful rule of thumb for oceanic drift is that when the default velocity errors are used for wind, wind current, sea current and leeway, the computed total probable drift velocity error is 0.6 knots.  If one of these components is omitted, say wind current because SLDMB data is available, then the default values result in a total probable drift velocity error of 0.52 knots.  When the total probable drift velocity error is multiplied by the time adrift, this gives the total probable drift error, De.

(b) The default probable velocity errors are 0.3 knots for wind current, 0.3 knots for sea current, 0.3 knots for the uncertainty in drift velocity due to a 5-knot probable error in wind velocity, and 0.3 knots for leeway.  However, Table H-3 includes probable leeway velocity error estimates and these should be used in lieu of the default value.  If time is short, it is permissible to use the default total probable drift velocity errors given in (a) above, as appropriate, to reduce the computational burden.  However, a more complete computation should be done when time permits.
Table H-5  Navigational Fix Errors

	Means Of Navigation
	Fix Errors (NM)

	NAVSAT
	0.5 NM

	Radar
	1 NM

	Visual Fix (3 lines)*
	1 NM

	Celestial Fix (3 lines)*
	2 NM

	Marine Radio Beacon
	4 NM (3 beacon fix)

	LORAN C
	1 NM

	INS
	0.5 NM per flight hour without position update

	VOR
	+ 3 degree arc and 3% of distance or 0.5 NM radius, whichever is greater

	TACAN
	+ 3 degree arc and 3% of distance or 0.5 NM radius, whichever is greater

	GPS
	0.1 NM**

	DGPS
	0.1 NM**


*Should be evaluated upward according to circumstances.

**Published accuracy of the system is much greater.

H.4.1.3
Initial Position Error (X) is the estimated probable error of the initial position based on the information available to the search planner.  This may be the same as the probable navigational error of the distressed craft or the position fixing accuracy of the radio DF net, radar net, SOFAR net, etc., reporting the initial position.  However, it may be a much larger value depending on how the position was reported.  The search planner must always bear in mind that the uncertainty associated with any piece of data is a reflection of how much confidence may be placed in it.  For example, if the Mary Jane reports itself in distress and taking on water “50 miles southeast of Cape Fear” based on a GPS fix, that does not mean the quality of the information as received is as good as the average quality of GPS positions.  It would be more prudent to assume the range and bearing given were only approximate, possibly an estimate made by eye from a nautical chart while the reporting source was under stress.  The resulting uncertainty about the distress position would then be much larger than the uncertainty associated with GPS navigation in general.

(a) If information on the means of navigation used by the distressed craft is available, the navigational fix errors (Fixe) listed in Table H-5 are the minimum values that may be assumed for positions reported as navigation fixes (X=Fixe). As discussed above, larger values may be appropriate depending on how the position information is represented.  If the means of navigation on the distressed craft is unknown, the SMC should assign error on the following basis:

(1) 5 NM for ships, military submarines, and aircraft with more two engines.

(2) 10 NM for twin-engine aircraft.

(3) 15 NM for boats, submersibles, and single-engine aircraft.

(b) If the position is determined from an FCC direction-finding network, the fix error corresponds to the assigned classification of the fix as shown in Table H-6.

Table H-6  FCC DF Network Fix Errors

	Class of Fix
	Fix Error

	A
	20 NM

	B
	40 NM

	C
	60 NM


(c) When the initially reported position is based on dead reckoning (DR), an additional error is assumed for the distance traveled since the last fix. The initial position error is the sum of the fix error and DR error (DRe). Table H-7 gives DRe, which may be assumed for various types of craft.

Table H-7  Dead Reckoning Errors

	Type of Craft
	DRe (% of the DR distance)

	Ship
	5

	Submarine (military)
	5

	Aircraft (more than 2 engines)
	5

	Aircraft (twin-engine)
	10

	Aircraft (single-engine)
	15

	Submersible
	15

	Boat
	15


H.4.1.4
SRU Error (Y) based on errors in SRU navigation accuracy, should be considered by the SMC. Since SRUs maintain frequent fixes, usually only Fixe is used. However, if an SRU uses DR navigation in the search area, the SMC should be advised.  The SMC then uses both Fixe and DRe to determine SRU error (Y = Fixe + DRe).

H.4.1.5
Total Probable Error (E) is calculated as follows:
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This is the standard method from statistics for computing the total probable error for the sum of independent distributions from the probable errors of the individual distributions.  Due to the widespread use of very accurate electronic navigation devices, such as GPS receivers, the probable position errors for both the distress incident (X) and the SRUs (Y) may be, and often are, very small.  This leaves total probable drift error as the major contributor to the total probable error of datum positions.

H.4.1.6
Recalculation of E is necessary when one of the following happens:

(a) The search object is adrift. An object in water continually drifts. The uncertainty about the object’s position increases with the passage of time due to the total probable error in the drift velocity estimate.  Each time a new datum is computed, the SMC must recompute De to account for this ever-increasing uncertainty. To illustrate, suppose a surface position is the initially reported position. Drift and drift error are zero because no time adrift has elapsed.  However, suppose the total probable error in the drift velocity estimate is 0.6 knots. When datum is computed 4 hours later, De = 4 x 0.6 = 2.4 nautical miles. Six hours later datum 2 is computed and De is now 6 x 0.6 = 3.6 nautical miles.  After 24 hours, De is 24 x 0.6 = 14.4 NM. This process is continued throughout the mission.

(b) The SRUs change. The SMC recomputes E each time the SRU is changed if the Fixe(Y) changes.

(c) The initial position error changes. Once errors in the initial position are estimated, they usually are not changed unless later information shows initial assumptions to be in error.

H.4.2
Search Radius

The search radius (R) is the radius of a circle centered on each datum that is used to define a rectangular search area.  The length of this radius is determined by finding the optimal search factor, fs, as described in the IAMSAR Manual, Volume II.  The value of fs is a function of the relative search effort available, Zr.  For point datums, the relative effort is the ratio of the total available search effort, Zta, in square miles to the square of the total probable error of position (E2), which also has units of square miles.  The total probable error of position, E, is multiplied by fs to get the optimal search radius Ro.  The search area defined by this method is optimal or very nearly optimal, which means that it produces the maximum or very nearly the maximum POS that can be attained with the total available search effort.  It is the best balance between search area size and coverage, given the total amount of search effort that is available at the scene.  For subsequent searches, the optimal search radius is based on the cumulative relative effort and the additive principle of optimal searches.  According to this principle, if the effort available on the first day of a search is Z1 and the effort available on day two is Z2, then, if the search on day one is optimal, the optimal search radius for day two is the same as the optimal radius for applying all the effort from both days (Z1 + Z2) to a single search.  Therefore, even if the value of E did not increase with the passage of time, the optimal search radius tends to grow with each successive search as shown in Figure H-16 for a single point datum and in Figure H-17 for a moving single point datum.
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Figure H-16  Search Areas - Stationary Datum Point
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Figure H-17  Search Areas - Moving Datum Point
H.4.3
Search Area Development
H.4.3.1
Theoretically, the best search plan for a single point datum would be one that had its highest coverage at and near datum and then gradually and continuously decreased the coverage with increasing distance from datum in a way that matched up with the assumed distribution of possible search object positions until the available effort was exhausted.  However, such search plans are impractical (not even the varying coverage of a VS pattern matches the assumed distribution of possible positions). Most of the time a square or rectangular search area is more practical.  For divergent datums, a circle with the optimal search radius, Ro, is centered on each datum and a rectangle is circumscribed around the two circles as shown in Figure H-18.  






Figure H-18  Search Area for Divergent Datums

H.4.3.2
For a search with little or no drift, search area is constructed around a stationary datum. If the search object is not found, the area may be expanded for subsequent searches. Therefore, the area around datum, which continues to be the most probable location, is searched repeatedly.

H.4.3.3
For maritime incidents, datum will normally move during the search, as Figure H-17 illustrates. The enlargement of the search area for a moving datum is the same as for a stationary datum, but the area is centered on a new datum so that the water surface is re-searched where survivors are most likely to be.

H.4.3.4
A search area along a datum line is set up by first developing a search radius for each datum along the trackline. Each datum is circled, using its search radius. Tangent lines are then drawn from circle to circle to establish search area boundaries. 
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Figure H-19  Search Areas - Datum Line
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Figure H-20  Search Areas Expansion - Datum Line
H.4.3.5
When only a datum area exists, search areas are developed differently:

(a)
If the area is small, a search radius is computed as before and added to the radius of the datum area.

(b)
If the datum area is a reasonable size for searching and probably contains the target, it can be used as the first search area. An example is a military aircraft disappearing in a prescribed operating area. When the datum area is based on reports of low flying or crashed aircraft, planners should avoid the tendency to excessively limit the size of the search area around the reported site.  A radius of 15 miles from the observation point 30-50 miles in the aircraft direction of flight, and a 5-15 mile radius from the reported position of a crash, is usually preferred.

(c)
If the original datum area is too large for search by available SRUs, the area should be reduced. Information obtained during the SAR effort may aid in determining what portion of the area to eliminate.

(d)
As with point and line datums, drift may be considered in datum areas. For small or medium-size areas, drift can be plotted using a single point, relocating the area for drift, and keeping the original orientation, size, and shape of the area. If the area is so large that positions have different drifts, it may be necessary to calculate drift for each section. Subsequent displaced areas will not keep their original shape.

H.4.3.6
After each search, a reevaluation should determine whether the next search should cover the same area, an expanded area, or a different area. Generally, at least one re-search is desirable.

H.4.4
Repeated Expansion Concept
The Repeated Expansion concept is a natural consequence of the additive principle of optimal search and, for moving objects, the ever-increasing uncertainty about the search object’s location. However, search planners should bear in mind that there is usually no better opportunity to find survivors than on the first search.  When the initial response fails to locate the search object quickly, it is generally better to apply enough resources to the first comprehensive search to assure a high POS while the search area is relatively small than to adopt a gradual escalation approach.  The original version of the manual method was apparently aimed at a 50% POS on the first search.  Whenever possible, search planners should try to improve on this figure by applying additional resources to the first search.  However, sometimes even a 50% POS will not be possible because the uncertainty about the survivor’s location is already too large to make this feasible.  Situations involving overdue or unreported craft are often in this category.  Situations involving very small search objects, such as PIWs may also fall into this category because small objects are difficult to detect, making it difficult to obtain sufficiently high PODs.

(This page intentionally blank)

Section H.5

Search Plan Variables
The goal of search planning is to cover as much of the search area as possible with a reasonable POD with the ultimate aim to maximize POS. Area coverage is a function of area size, corrected sweep width, and the number, speed, and endurance of SRUs used. POD and Coverage are measures of the thoroughness of a search. Coverage is a function of corrected sweep width and track spacing for search patterns with straight, parallel, equally spaced search legs.  For other types of patterns, Coverage is a function of corrected sweep width, distance covered by the SRU while searching in the area, and the size of the area covered.  POD is a function of Coverage. POS is a measure of search effectiveness.  The planner should balance area size and coverage (POC and POD) so that POS is maximized.

H.5.1
Number of SRUs
H.5.1.1
An optimal search plan should always be developed as time permits.  Every effort should be made to obtain sufficient and suitable SRUs to attain a reasonable POS, especially on the first search.

H.5.1.2
The first SRUs dispatched are usually alert SRUs, and are normally sent to datum or on a trackline search. Backup and standby SRUs are dispatched next. Supplementary SRUs may be requested from other activities.

H.5.1.3
When sufficient SRUs are not available, optimal use of those that are available becomes even more important. Developing an optimal search plan is more important when resources are scarce than when they are plentiful.  

H.5.2
Search Time Available

H.5.2.1
The amount of search time available (T) is of paramount importance. Since survival rates normally decrease with time, the SMC is always working against the clock. Two major controlling factors for computing search time available are SRU endurance and amount of daylight available.  Optimal search plans minimize the average time required to find survivors as well as maximize POS.

H.5.2.2
Search Endurance of the individual SRUs is normally more critical for aircraft. To calculate on scene endurance for an SRU, total mission endurance should be determined, contacting the parent agency if necessary. Time needed for transit to and from the assigned search area is deducted from total endurance, to obtain on scene endurance. Search endurance can be assumed to be 85 percent of on scene endurance, allowing 15 percent for identifying sighted objects.

(a) Generally, diversion to identify a target will have no appreciable effect on area coverage as long as the SRU "fixes" the location and time of departure from the search pattern and returns to the same point to resume search within a reasonable time.

(b) When SRUs operate far from home base, they can sometimes be deployed to an advance base so more time will be available for searching, and less time will be spent en route to and from the search area.

H.5.2.3
Sunset is the usual cut-off point for visual search with the unaided eye. Every time the SRU diverts, available daylight is reduced. Search object detectability changes after sunset. Searching after sunset is normally restricted to using NVGs, searching for visual detection aids (e.g., flares, strobe lights) or using electronic sensors (e.g., radar), dictating changes in track spacing to obtain desired coverage for the optimal search.

H.5.3
SRU Ground Speed

SRU ground speed (V) is important when calculating attainable area size. The faster the SRU, the larger the area covered. However, speed may adversely affect endurance and search effectiveness.

H.5.4
Track Spacing

H.5.4.1
Track spacing (S) is the distance between two adjacent parallel search legs. It directly influences coverage (C).  Corrected sweep width (W) is a measure of detection capability and will vary with search object type, SRU/sensor type, and environmental conditions.  For search patterns that use straight, equally spaced parallel tracks, coverage is computed as the ratio of the corrected sweep width to the track spacing (C = W/S).  The more difficult an object is to detect, the closer together the search legs must be to achieve a given coverage. See Figure H-21.

NOTE: In darkness or extremely low visibility, surface search craft should periodically stop their engines and conduct an auditory search.  If it is known or if there is a high probability that the PIW has night detection aids, a search may be conducted with track spacing compatible with the sweep width for the type of detection aid
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Figure H-21  Track Spacing

H.5.4.2
POD can be increased by decreasing track spacing (which increases coverage), but decreased track spacing means that either less area can be covered, that more time is needed to cover the same area with the same number of SRUs, or that more SRUs are needed to cover the same area in the same amount of time. If additional time and/or SRUs are not available, then only reducing the amount of area covered can increase POD.  Conversely, increasing track spacing can expand the area covered, but this will decrease POD. The ideal “compromise” between area covered and POD is the one that produces the maximum POS.

H.5.4.3
The practical limits of SRU turning radii and navigational accuracy limit how much track spacing can be reduced. Optimum track spacing yields maximum POS during the time available, consistent with the economical use of available SRUs.

H.5.4.4
The most frequent search platforms used by Coast Guard resources for coastal SAR cases are small cutters (WPB), boats (MLB/UTB/UTM), and helicopters (HH-65/HH-60J).  It is recommended that Coast Guard units copy and laminate the appropriate sweep width tables from appendix H for each SRU and include them in the SRU pilot or coxswain kit as a quick on scene reference for initial searching while more thorough search planning is being conducted.

H.5.4.5
Persons in the Water (PIWs).  In most cases, a track spacing of 0.1 NM is the lower practical limit for accurate surface navigation, and is recommended for coastal surface PIW searches.  For unassisted visual searches, helicopter SRUs should perform multiple searches of the assigned search area to achieve a coverage equivalent to that of a 0.1 NM track spacing since frequent tight turns are not conducive to effective scanning.  Areas assigned to helicopters should provide for at least one minute of level flight at search speed for each search leg.

H.5.5
Sweep Width
H.5.5.1
Sweep width (W) is the width of a swath centered on the SRU’s track where the probability of detecting the search object if it is outside of that swath is equal to the probability of missing the search object if it is inside that swath. It is a measure of detection capability based on search object and sensor characteristics, weather, and other factors. Sweep width is less, often much less, than twice the maximum detection range, which is the farthest range at which the object can be detected. See Figure H-22. It is usually expressed in yards for underwater and ground searches, and in nautical miles for other types of searches. Use of the sweep width concept in any search allows solution of otherwise unworkable problems.
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Figure H-22  Sweep Width

H.5.5.2
Sweep width varies with the type of search conducted. Visual searching is used most often. However, other sensor searches can be far more efficient than visual and should be considered when it is known, or even suspected, that the distressed craft or persons may be more readily detected by electronic or other non-visual means.

(a) Sensors include radio, radar, magnetic, voltage, radioactive, infrared, ultraviolet, electro-optical, and other electromagnetic signal sensing equipment. Most common in SAR applications are radio and radar, with infrared becoming increasingly available. Detection range information may be available from parent agencies, operating commands, manufacturers, or operators. 

(b) Each SAR agency should test its specific equipment to develop accurate estimates of sensor sweep width. Output power, reflective capabilities, antennae heights, environmental ambient noise and clutter levels, and other factors that affect the quality of sensor receiving and transmitting may affect sweep width.

(c) Although some sensors may be more efficient at detecting objects than visual search, rarely are they able to recognize whether a detected object is the search object.  Generally visual confirmation is required.

H.5.5.3
Visual sweep widths are determined by choosing an uncorrected sweep width based on type of search object and SRU altitude and correcting it for environmental conditions, speed, and fatigue. For maritime SAR, sweep width corrected (W) = sweep width uncorrected (Wu) x weather correction (fw) x fatigue correction (ff) x speed correction (fv-aircraft only). For land searches, see the IAMSAR Manual. Maritime sweep width tables are provided below. Factors affecting sweep width are:

(a) Search Object characteristics. The object’s size, shape, color contrast and brightness contrast, and movement must be considered.

(b) Meteorological Visibility. The maximum range at which large unlighted objects such as landmasses can be seen constitutes meteorological visibility. Reduced visibility results in reduced detectability and sweep width.

(c) Terrain/Sea Conditions. Normally, the more level the terrain, the more effective a land search can be. Trees, rock outcroppings, and other surface irregularities decrease search effectiveness.  Similarly, characteristics of the water surface such as sea state, whitecaps, wind streaks, foam streaks, breaking seas, swell systems, salt spray, and sun reflections decrease search effectiveness over water. Over water sweep width decreases as wind speed and signifi​cant wave height increase.

(d) Cloud Cover. Visual sweep widths may be reduced 10 to 20 percent by cloud cover above the SRU due to reduced surface illumination.

(e) Search Altitude. For many objects, the available sweep width tables indicate that sweep width increases slightly with increasing altitude up to 3,000 feet under ideal conditions.  However, these figures should not be given undue regard as the smaller increases indicated are generally within the estimation error of the methods used to create the tables.  For example, at 500 and 1,000 feet, the uncorrected sweep width for a four-person raft is given as 1.8 NM while at 1,500 and 2,000 feet the uncorrected sweep width is given as 1.9 NM.  The decision on what altitude to assign should not be based on the difference in the uncorrected sweep widths.  As a general rule, differences in sweep widths of less than 10% should be ignored when making altitude assignment decisions.  Another general rule is that the search altitude should not be so high that it is an appreciable fraction of the corrected sweep width.    As altitude decreases, the search object passes more rapidly through the scanner’s field of vision. This effect is most pronounced at altitudes below 500 feet. Nevertheless, if a large number of objects are in the area, a low altitude is preferable to reduce diversions for identifying sightings. Also, low altitude favors object identification because scanners are more familiar with objects viewed from low angles. For maritime searches, the daylight lower limit is 200 feet for all search conditions, and altitude usually does not exceed 3000 feet even under ideal search conditions. For land searches, scanner efficiency decreases rapidly as altitude increases from 200 feet up to 2000 feet, and more slowly as it increases above 2000 feet. See Table H-8 for recommended search altitudes.

Table H-8  Recommended Visual Search Altitudes
	Search Target
	Terrain
	Recommended Altitudes (ft)

	Person, cars, light aircraft crashes
	Moderate
	200 to 500

	Trucks, large aircraft
	Moderate
	400 to 1000

	Persons, one-person rafts, surfboards light aircraft crashes
	Water or flat
	200 to 500

	Small to medium- sized boats, liferafts, trucks, aircraft
	Water or flat
	1000 to 3000

	Distress signals
	Night-all
	1500 to 2000


(f) Search Speed. At low altitudes, higher speed causes blurring of targets at close ranges and decreases exposure time to the scanner. At altitudes above 500 feet, search speed of traditional SRUs has no significant influence on over water sweep widths. 

(g) Maximizing Available Effort.  The available search effort on scene is the product of corrected sweep width (W), search speed (V) and search endurance (T) (Z = W x V x T).  The combination of these that produces the largest value, subject to common sense and flight safety constraints, is generally the best combination because it maximizes the amount of searching the available SRUs can do.  However, search planners are cautioned against spending excessive amounts of their valuable time trying to find the combination that provides the absolute maximum effort since gains are likely to be small.  Search speeds should be within the range of values for which correction factors are given in Table H-9.  For small objects, especially PIWs, search altitudes and speeds should be kept in the lower part of the range for which uncorrected sweep widths are given in Tables H-11 to H-19.  Vertical separation must be maintained for aircraft in adjacent search areas, and speeds and altitudes are always subject to on scene conditions for reasons of flight safety.

H.5.5.4
Visual Sweep Width Corrections

(a)
Correcting for Search Aircraft Speed. Enter the speed correction table (Table H-9) with aircraft type (fixed-wing or helicopter) and the speed flown. Read down the column to the search object. This value is the speed correction. Interpolate as required. There is no speed correction for surface SRUs.

Table H-9  Search Aircraft Speed Correction
	Search Object
	Fixed Wing Speed (Knots)
	Helicopter Speed (Knots)

	
	150 or less
	180
	210
	60 or less
	90
	120
	140

	Person in Water
	1.2
	1.0
	0.9
	1.5
	1.0
	0.8
	0.7

	Raft - 1-4 Man
	1.1
	1.0
	0.9
	1.3
	1.0
	0.9
	0.8

	Raft - 6-25 Man
	1.1
	1.0
	0.9
	1.2
	1.0
	0.9
	0.8

	Power Boat - to 25 ft
	1.1
	1.0
	0.9
	1.2
	1.0
	0.9
	0.8

	Power Boat - 26-40 ft
	1.1
	1.0
	0.9
	1.1
	1.0
	0.9
	0.9

	Power Boat - 41-65 ft
	1.1
	1.0
	1.0
	1.1
	1.0
	0.9
	0.9

	Power Boat - 66-90 ft
	1.1
	1.0
	1.0
	1.1
	1.0
	1.0
	0.9

	Sail Boat - to 26 ft
	1.1
	1.0
	0.9
	1.2
	1.0
	0.9
	0.9

	Sail Boat - 30-52 ft
	1.1
	1.0
	1.0
	1.1
	1.0
	0.9
	0.9

	Sail Boat - 65-90 ft
	1.1
	1.0
	1.0
	1.1
	1.0
	1.0
	0.9

	Ship - over 90 ft
	1.0
	1.0
	1.0
	1.1
	1.0
	1.0
	0.9


(b)
Position of the Sun. The sun's position relative to SRU and target can significantly influence target appearance. Detectability, however, is not necessarily better or worse in any particular direction relative to the sun.

(c)
Correcting for Fatigue. Degradation of detection performance during a search can be significant. The sweep widths given in the uncorrected visual sweep width tables, which follow, are adjusted for a normal amount of crew fatigue. If feedback from on scene SRUs indicates search crews were excessively fatigued, reduce sweep width values by 10 percent (multiply by 0.9).

(d)
Correcting for Weather. Table H-10 can be used to determine the weather correction factor.  IAMSAR Manual Volume 2, Table N-7 provides corresponding information but under categories of “person in the water” and “life raft”.  It does not include “Other Targets”. 

Table H-10  Weather Correction Factor
	
	Search Object

	Weather:  Winds (kts) or seas (ft)
	Person in water, raft or boat < 30 ft
	Other search objects

	Winds 0 to15 kts or seas 0 to 3 ft
	1.0
	1.0

	Winds >15 to 25 kts or seas >3 to 5 ft
	0.5
	0.9

	Winds > 25 kts or seas >5 ft
	0.25
	0.9


H.5.5.5
Uncorrected Visual Sweep Width Tables
(a)
Interpolation is to be used within these tables as needed.

(b)
When vessel length is larger than the largest “power boat” or “sail boat”, interpolate between the largest “power boat” or “sail boat” line and the smallest “ship” line.

(c)
When searching for small targets, high search altitudes for aircraft SRUs yield little to no improvement in sweep width available while actually making it more difficult for aircraft scanners to visually detect the search object.  For normal search operations, giving consideration to on scene weather and aircraft separation needs, search altitudes should be restricted to no higher than 1000 feet for small objects.  For the purposes of using the following tables, entries for small objects are shaded in the tables for higher search altitudes for combinations of search object and altitude that should be avoided.  Small objects include:

· PIWs

· Rafts ≤ 6 person

· Powerboats < 15 feet

· Sailboats < 15 feet

(d)
For search altitudes up to 500 feet only, the values given for sweep width for a person in water may be increased by a factor of 4 if it is known that the person is wearing a personal flotation device.

(e)
Visual searches are seldom conducted from altitudes above 3000 feet; however, for altitudes up to 5000 feet where visibility exceeds 3 NM and target size exceeds 25 feet, the sweep widths given for 3000 feet remain applicable.

Table H-11  Uncorrected Visual Sweep Width – Fixed-wing Aircraft for Altitudes 300-500 Feet

	
	Altitude 300 Feet
Visibility (NM)
	Altitude 500 Feet
Visibility (NM)

	Search Object
	
	

	
	1
	3
	5
	10
	15
	20
	30
	1
	3
	5
	10
	15
	20
	30

	Person in Water*
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Raft 1 person
	0.3
	0.7
	0.9
	1.2
	1.3
	1.3
	1.3
	0.3
	0.7
	0.9
	1.2
	1.4
	1.4
	1.4

	Raft 4 person
	0.4
	0.9
	1.3
	1.7
	2.0
	2.2
	2.2
	0.4
	1.0
	1.3
	1.8
	2.0
	2.2
	2.2

	Raft 6 person
	0.1
	1.1
	1.5
	2.1
	2.5
	2.7
	2.7
	0.4
	1.1
	1.5
	2.2
	2.5
	2.8
	2.8

	Raft 8 person
	0.4
	1.2
	1.6
	2.3
	2.6
	2.9
	2.9
	0.4
	1.2
	1.6
	2.3
	2.7
	2.9
	2.9

	Raft 10 person
	0.4
	1.2
	1.7
	2.4
	2.9
	3.2
	3.2
	0.4
	1.2
	1.7
	2.5
	2.9
	3.2
	3.2

	Raft 15 person
	0.5
	1.3
	1.9
	2.7
	3.2
	3.5
	4.0
	0.5
	1.3
	1.9
	2.7
	3.3
	3.6
	4.0

	Raft 20 person
	0.5
	1.4
	2.1
	3.1
	3.7
	4.2
	4.8
	0.5
	1.5
	2.1
	3.2
	3.8
	4.2
	4.8

	Raft 25 person
	0.5
	1.5
	2.2
	3.4
	4.1
	4.6
	5.2
	0.5
	1.6
	2.3
	3.4
	4.1
	4.6
	5.3

	Power Boat ≤ 15 ft
	0.4
	0.8
	1.1
	1.4
	1.6
	1.7
	1.7
	0.4
	0.9
	1.2
	1.5
	1.7
	1.8
	1.8

	Power Boat 20 ft
	0.5
	1.6
	2.4
	3.5
	4.3
	4.8
	4.8
	0.5
	1.7
	2.4
	3.6
	4.3
	4.8
	4.8

	Power Boat 33 ft
	0.6
	2.1
	3.3
	5.3
	6.6
	7.6
	9.1
	0.6
	2.1
	3.3
	5.3
	6.7
	7.7
	9.1

	Power Boat 53 ft
	0.6
	2.6
	4.5
	8.1
	10.9
	13.1
	16.4
	0.6
	2.7
	4.5
	8.1
	10.9
	13.1
	16.5

	Power Boat 78 ft
	0.6
	2.8
	5.0
	9.7
	13.5
	16.6
	21.6
	0.6
	2.8
	5.0
	9.8
	13.5
	16.7
	21.7

	Sail Boat 15 ft
	0.5
	1.5
	2.2
	3.2
	3.8
	4.3
	4.3
	0.5
	1.6
	2.2
	3.2
	3.9
	4.3
	4.3

	Sail Boat 20 ft
	0.6
	1.8
	2.6
	4.0
	4.9
	5.6
	5.6
	0.6
	1.8
	2.7
	4.0
	5.0
	5.6
	5.6

	Sail Boat 25 ft
	0.6
	2.0
	3.1
	4.8
	6.0
	6.9
	6.9
	0.6
	2.0
	3.1
	4.9
	6.1
	7.0
	7.0

	Sail Boat 30 ft
	0.6
	2.3
	3.6
	5.9
	7.5
	8.8
	10.6
	0.6
	2.3
	3.6
	5.9
	7.6
	8.8
	10.6

	Sail Boat 40 ft
	0.6
	2.6
	4.3
	7.5
	10.0
	11.9
	14.8
	0.6
	2.6
	4.3
	7.6
	10.0
	11.9
	14.8

	Sail Boat 50 ft
	0.6
	2.7
	4.6
	8.4
	11.3
	13.6
	17.3
	0.6
	2.7
	4.6
	8.4
	11.3
	13.7
	17.3

	Sail Boat 70 ft
	0.6
	2.8
	4.9
	9.3
	12.7
	15.5
	20.0
	0.6
	2.8
	4.9
	9.3
	12.7
	15.5
	20.0

	Sail Boat 83 ft
	0.6
	2.8
	5.1
	9.9
	13.7
	16.9
	22.1
	0.6
	2.8
	5.1
	9.9
	13.7
	17.0
	22.1

	Ship 120 ft
	0.6
	2.9
	5.4
	11.1
	15.9
	20.0
	26.9
	0.6
	2.9
	5.4
	11.1
	15.9
	20.1
	26.9

	Ship 225 ft
	0.6
	3.0
	5.7
	12.5
	18.8
	24.7
	34.8
	0.6
	3.0
	5.7
	12.5
	18.9
	24.7
	34.8

	Ship ≥ 300 ft
	0.7
	3.0
	5.8
	13.2
	20.6
	27.9
	41.4
	0.7
	3.0
	5.8
	13.2
	20.6
	27.9
	41.4


* For search altitudes up to 500 feet only, the values given for sweep width for a person in water may be increased by a factor of 4 if it is known that the person is wearing a personal flotation device. 

Table H-12  Uncorrected Visual Sweep Width – Fixed-wing Aircraft for Altitudes 750-1000 Feet

	
	Altitude 750 Feet
Visibility (NM)
	Altitude 1000 Feet
Visibility (NM)

	Search Object
	
	

	
	1
	3
	5
	10
	15
	20
	30
	1
	3
	5
	10
	15
	20
	30

	Person in Water
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Raft 1 person
	0.3
	0.7
	0.9
	1.2
	1.4
	1.4
	1.4
	0.3
	0.7
	0.9
	1.2
	1.4
	1.4
	1.4

	Raft 4 person
	0.4
	1.0
	1.3
	1.8
	2.1
	2.2
	2.2
	0.3
	1.0
	1.3
	1.8
	2.1
	2.3
	2.3

	Raft 6 person
	0.1
	1.1
	1.6
	2.2
	2.6
	2.8
	2.8
	0.4
	1.1
	1.6
	2.2
	2.6
	2.8
	2.8

	Raft 8 person
	0.4
	1.2
	1.7
	2.3
	2.7
	3.0
	3.0
	0.4
	1.2
	1.7
	2.4
	2.8
	3.0
	3.0

	Raft 10 person
	0.4
	1.3
	1.8
	2.5
	3.0
	3.3
	3.3
	0.4
	1.3
	1.8
	2.6
	3.0
	3.3
	3.3

	Raft 15 person
	0.4
	1.4
	1.9
	2.8
	3.3
	3.7
	4.1
	0.4
	1.4
	2.0
	2.8
	3.4
	3.7
	4.2

	Raft 20 person
	0.5
	1.5
	2.2
	3.2
	3.8
	4.3
	4.9
	0.4
	1.5
	2.2
	3.2
	3.9
	4.3
	4.9

	Raft 25 person
	0.5
	1.6
	2.3
	3.5
	4.2
	4.7
	5.4
	0.4
	1.6
	2.3
	3.5
	4.2
	4.7
	5.4

	Power Boat ≤ 15 ft
	0.4
	0.9
	1.2
	1.6
	1.8
	1.9
	1.9
	0.4
	1.0
	1.3
	1.7
	1.8
	2.0
	2.0

	Power Boat 20 ft
	0.5
	1.7
	2.4
	3.6
	4.4
	4.9
	4.9
	0.5
	1.7
	2.5
	3.7
	4.4
	5.0
	5.0

	Power Boat 33 ft
	0.6
	2.1
	3.3
	5.3
	6.7
	7.7
	9.2
	0.5
	2.2
	3.4
	5.4
	6.8
	7.8
	9.3

	Power Boat 53 ft
	0.6
	2.7
	4.5
	8.2
	10.9
	13.1
	16.5
	0.6
	2.7
	4.5
	8.2
	10.9
	13.1
	16.6

	Power Boat 78 ft
	0.6
	2.8
	5.0
	9.8
	13.5
	16.7
	21.7
	0.6
	2.8
	5.1
	9.8
	13.6
	16.7
	21.7

	Sail Boat 15 ft
	0.5
	1.6
	2.3
	3.3
	3.9
	4.4
	4.4
	0.5
	1.6
	2.3
	3.3
	4.0
	4.4
	4.4

	Sail Boat 20 ft
	0.5
	1.8
	2.7
	4.1
	5.0
	5.7
	5.7
	0.5
	1.8
	2.7
	4.2
	5.1
	5.7
	5.7

	Sail Boat 25 ft
	0.6
	2.1
	3.1
	5.0
	6.2
	7.0
	7.0
	0.5
	2.1
	3.2
	5.0
	6.2
	7.1
	7.1

	Sail Boat 30 ft
	0.6
	2.3
	3.6
	6.0
	7.5
	8.9
	10.7
	0.6
	2.3
	3.6
	6.0
	7.6
	8.9
	10.7

	Sail Boat 40 ft
	0.6
	2.6
	4.3
	7.6
	10.0
	11.9
	14.9
	0.6
	2.6
	4.3
	7.6
	10.9
	12.0
	14.9

	Sail Boat 50 ft
	0.6
	2.7
	4.6
	8.5
	11.4
	13.7
	17.4
	0.6
	2.7
	4.6
	8.5
	11.4
	13.7
	17.4

	Sail Boat 70 ft
	0.6
	2.8
	4.9
	9.3
	12.7
	15.6
	20.0
	0.6
	2.8
	4.9
	9.3
	12.8
	15.6
	20.1

	Sail Boat 83 ft
	0.6
	2.8
	5.1
	9.9
	13.8
	17.0
	22.2
	0.6
	2.8
	5.1
	9.9
	13.8
	17.0
	22.2

	Ship 120 ft
	0.6
	2.9
	5.4
	11.1
	15.9
	20.1
	27.0
	0.6
	2.9
	5.4
	11.1
	15.9
	20.1
	27.0

	Ship 225 ft
	0.6
	3.0
	5.7
	12.5
	18.9
	24.7
	34.9
	0.6
	3.0
	5.7
	12.5
	18.9
	24.7
	34.9

	Ship ≥ 300 ft
	0.7
	3.0
	5.8
	13.2
	20.6
	27.9
	41.4
	0.6
	3.0
	5.8
	13.2
	20.6
	27.9
	41.4


Table H-13  Uncorrected Visual Sweep Width – Fixed-wing Aircraft for Altitudes 1500-2000 Feet

	
	Altitude 1500 Feet
Visibility (NM)
	Altitude 2000 Feet
Visibility (NM)

	Search Object
	
	

	
	1
	3
	5
	10
	15
	20
	30
	1
	3
	5
	10
	15
	20
	30

	Person in Water
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1

	Raft 1 person
	0.2
	0.7
	0.9
	1.3
	1.4
	1.4
	1.4
	0.1
	0.6
	0.9
	1.2
	1.4
	1.4
	1.4

	Raft 4 person
	0.3
	1.0
	1.3
	1.9
	2.1
	2.3
	2.3
	0.2
	0.9
	1.3
	1.9
	2.2
	2.3
	2.3

	Raft 6 person
	0.3
	1.1
	1.6
	2.3
	2.6
	2.9
	2.9
	0.2
	1.1
	1.6
	2.3
	2.7
	2.9
	2.9

	Raft 8 person
	0.3
	1.2
	1.7
	2.4
	2.8
	3.1
	3.1
	0.2
	1.2
	1.7
	2.5
	2.9
	3.2
	3.2

	Raft 10 person
	0.3
	1.3
	1.8
	2.6
	3.1
	3.4
	3.4
	0.2
	1.2
	1.8
	2.7
	3.1
	3.5
	3.5

	Raft 15 person
	0.3
	1.4
	2.0
	2.9
	3.4
	3.8
	4.3
	0.2
	1.4
	2.0
	3.0
	3.5
	3.9
	4.4

	Raft 20 person
	0.4
	1.5
	2.2
	3.3
	4.0
	4.4
	5.1
	0.4
	1.5
	2.2
	3.4
	4.0
	4.5
	5.1

	Raft 25 person
	0.4
	1.6
	2.4
	3.6
	4.3
	4.8
	5.6
	0.3
	1.6
	2.4
	3.6
	4.4
	4.9
	5.7

	Power Boat ≤ 15 ft
	0.3
	1.0
	1.3
	1.7
	2.0
	2.1
	2.1
	0.2
	1.0
	1.3
	1.8
	2.0
	2.2
	2.2

	Power Boat 20 ft
	0.4
	1.7
	2.5
	3.7
	4.5
	5.1
	5.1
	0.3
	1.7
	2.5
	3.8
	4.6
	5.1
	5.1

	Power Boat 33 ft
	0.5
	2.2
	3.4
	5.5
	6.8
	7.9
	9.4
	0.3
	2.2
	3.4
	5.5
	6.9
	8.0
	9.5

	Power Boat 53 ft
	0.5
	2.6
	4.5
	8.2
	11.0
	13.2
	16.6
	0.4
	2.6
	4.5
	8.3
	11.0
	13.3
	16.7

	Power Boat 78 ft
	0.5
	2.8
	5.1
	9.8
	13.6
	16.7
	21.8
	0.4
	2.8
	5.0
	9.8
	13.6
	16.8
	21.8

	Sail Boat 15 ft
	0.4
	1.6
	2.3
	3.4
	4.1
	4.5
	4.5
	0.3
	1.6
	2.3
	3.5
	4.1
	4.5
	4.5

	Sail Boat 20 ft
	0.4
	1.8
	2.8
	4.2
	5.2
	5.8
	5.8
	0.3
	1.8
	2.8
	4.3
	5.2
	5.9
	5.9

	Sail Boat 25 ft
	0.5
	2.1
	3.2
	5.1
	6.3
	7.2
	7.2
	0.3
	2.1
	3.3
	5.2
	6.4
	7.3
	7.3

	Sail Boat 30 ft
	0.5
	2.3
	3.7
	6.1
	7.7
	9.0
	10.8
	0.3
	2.3
	3.7
	6.1
	7.8
	9.1
	10.9

	Sail Boat 40 ft
	0.5
	2.6
	4.3
	7.6
	10.1
	12.0
	14.9
	0.4
	2.5
	4.3
	7.7
	10.1
	12.1
	15.0

	Sail Boat 50 ft
	0.5
	2.7
	4.6
	8.5
	11.4
	13.8
	17.5
	0.4
	2.7
	4.6
	8.6
	11.5
	13.9
	17.5

	Sail Boat 70 ft
	0.5
	2.8
	4.9
	9.4
	12.8
	15.7
	20.2
	0.4
	2.7
	4.9
	9.4
	12.9
	15.7
	20.2

	Sail Boat 83 ft
	0.5
	2.8
	5.1
	10.0
	13.8
	17.1
	22.3
	0.4
	2.8
	5.1
	10.0
	13.9
	17.1
	22.3

	Ship 120 ft
	0.5
	2.9
	5.4
	11.1
	16.0
	20.1
	27.0
	0.4
	2.9
	5.4
	11.1
	16.0
	20.1
	27.1

	Ship 225 ft
	0.5
	3.0
	5.7
	12.5
	18.9
	24.7
	34.9
	0.4
	3.0
	5.7
	12.5
	18.9
	24.7
	34.9

	Ship ≥ 300 ft
	0.6
	3.0
	5.8
	13.2
	20.7
	27.9
	41.4
	0.5
	3.0
	5.8
	13.2
	20.7
	27.9
	41.5


Table H-14  Uncorrected Visual Sweep Width - Fixed Wing Aircraft for Altitudes 2500-3000 Feet

	
	Altitude 2500 Feet
Visibility (NM)
	Altitude 3000 Feet*
Visibility (NM)

	Search Object
	
	

	
	1
	3
	5
	10
	15
	20
	30
	1
	3
	5
	10
	15
	20
	30

	Person in Water
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Raft 1 person
	0.1
	0.5
	0.8
	1.2
	1.4
	1.4
	1.4
	0.1
	0.5
	0.8
	1.1
	1.3
	1.3
	1.3

	Raft 4 person
	0.1
	0.8
	1.3
	1.8
	2.2
	2.4
	2.4
	0.1
	0.7
	1.2
	1.8
	2.1
	2.3
	2.3

	Raft 6 person
	0.1
	1.0
	1.5
	2.3
	2.7
	2.9
	2.9
	0.1
	0.9
	1.5
	2.2
	2.7
	2.9
	2.9

	Raft 8 person
	0.1
	1.1
	1.7
	2.5
	2.9
	3.2
	3.2
	0.1
	1.0
	1.6
	2.5
	2.9
	3.2
	3.2

	Raft 10 person
	0.2
	1.2
	1.8
	2.7
	3.2
	3.5
	3.5
	0.1
	1.1
	1.8
	2.7
	3.2
	3.5
	3.5

	Raft 15 person
	0.2
	1.3
	2.0
	3.0
	3.6
	4.0
	4.5
	0.1
	1.2
	2.0
	3.0
	3.6
	4.0
	4.5

	Raft 20 person
	0.2
	1.4
	2.2
	3.4
	4.1
	4.6
	5.2
	0.1
	1.4
	2.2
	3.4
	4.1
	4.6
	5.3

	Raft 25 person
	0.2
	1.5
	2.4
	3.7
	4.5
	5.0
	5.7
	0.1
	1.5
	2.4
	3.7
	4.5
	5.1
	5.8

	Power Boat ≤ 15 ft
	0.1
	0.9
	1.3
	1.8
	2.1
	2.2
	2.2
	0.1
	0.8
	1.3
	1.8
	2.1
	2.3
	2.3

	Power Boat 20 ft
	0.2
	1.6
	2.5
	3.8
	4.6
	5.2
	5.2
	0.1
	1.6
	2.5
	3.9
	4.7
	5.3
	5.3

	Power Boat 33 ft
	0.2
	2.1
	3.4
	5.6
	7.0
	8.1
	9.6
	0.2
	2.1
	3.4
	5.6
	7.1
	8.1
	9.7

	Power Boat 53 ft
	0.3
	2.6
	4.5
	8.3
	11.3
	13.3
	16.7
	0.2
	2.5
	4.5
	8.3
	11.1
	13.4
	16.8

	Power Boat 78 ft
	0.3
	2.7
	5.0
	9.8
	13.6
	16.8
	21.9
	0.2
	2.7
	5.0
	9.9
	13.7
	16.8
	21.9

	Sail Boat 15 ft
	0.2
	1.5
	2.3
	3.5
	4.2
	4.7
	4.7
	0.1
	1.5
	2.3
	3.5
	4.3
	4.7
	4.7

	Sail Boat 20 ft
	0.2
	1.8
	2.8
	4.3
	5.3
	6.0
	6.0
	0.1
	1.7
	2.8
	4.4
	5.3
	6.0
	6.0

	Sail Boat 25 ft
	0.2
	2.1
	3.3
	5.2
	6.5
	7.5
	7.5
	0.2
	2.0
	3.3
	5.3
	6.6
	7.5
	7.5

	Sail Boat 30 ft
	0.2
	2.2
	3.7
	6.1
	7.8
	9.1
	11.0
	0.2
	2.2
	3.7
	6.2
	7.9
	9.2
	11.1

	Sail Boat 40 ft
	0.3
	2.5
	4.3
	7.7
	10.2
	12.1
	15.1
	0.2
	2.4
	4.3
	7.7
	10.2
	12.1
	15.1

	Sail Boat 50 ft
	0.3
	2.6
	4.6
	8.6
	11.5
	13.9
	17.6
	0.2
	2.6
	4.6
	8.6
	11.6
	14.0
	17.7

	Sail Boat 70 ft
	0.3
	2.7
	4.9
	9.4
	12.9
	15.8
	20.3
	0.2
	2.6
	4.9
	9.4
	13.0
	15.8
	20.3

	Sail Boat 83 ft
	0.3
	2.8
	5.1
	10.0
	13.9
	17.2
	22.4
	0.2
	2.7
	5.1
	10.0
	14.0
	17.2
	22.5

	Ship 120 ft
	0.3
	2.8
	5.4
	11.1
	16.0
	20.2
	27.1
	0.2
	2.8
	5.3
	11.1
	16.0
	20.2
	27.1

	Ship 225 ft
	0.3
	2.9
	5.6
	12.5
	18.9
	24.8
	35.0
	0.2
	2.8
	5.6
	12.5
	18.9
	24.8
	35.0

	Ship ≥ 300 ft
	0.3
	2.9
	5.7
	13.2
	20.7
	27.9
	41.5
	0.2
	2.9
	5.7
	13.2
	20.7
	27.9
	41.5


*
Visual searches are seldom conducted from altitudes above 3000 feet; however, for altitudes up to 5000 feet where visibility exceeds 3 NM and target size exceeds 25 feet, the sweep widths given for 3000 feet remain applicable. 

Table H-15  Uncorrected Visual Sweep Width – Helicopters for Altitudes 300-500 Feet

	
	Altitude 300 Feet
Visibility (NM)
	Altitude 500 Feet
Visibility (NM)

	Search Object 
	
	

	
	1
	3
	5
	10
	15
	20
	30
	1
	3
	5
	10
	15
	20
	30

	Person in Water*
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Raft 1 person
	0.4
	0.9
	1.2
	1.5
	1.7
	1.7
	1.7
	0.4
	0.9
	1.2
	1.6
	1.8
	1.8
	1.8

	Raft 4 person
	0.5
	1.2
	1.6
	2.2
	2.5
	2.7
	2.7
	0.5
	1.2
	1.6
	2.2
	2.6
	2.8
	2.8

	Raft 6 person
	0.5
	1.4
	1.9
	2.7
	3.1
	3.4
	3.4
	0.5
	1.4
	1.9
	2.7
	3.2
	3.5
	3.5

	Raft 8 person
	0.6
	1.4
	2.0
	2.8
	3.3
	3.6
	3.6
	0.6
	1.5
	2.0
	2.8
	3.3
	3.7
	3.7

	Raft 10 person
	0.6
	1.5
	2.1
	3.0
	3.6
	3.9
	3.9
	0.6
	1.6
	2.2
	3.1
	3.6
	4.0
	4.0

	Raft 15 person
	0.6
	1.6
	2.3
	3.3
	3.9
	4.3
	4.9
	0.6
	1.7
	2.3
	3.3
	4.0
	4.4
	5.0

	Raft 20 person
	0.6
	1.8
	2.6
	3.8
	4.5
	5.1
	5.8
	0.6
	1.8
	2.6
	3.8
	4.6
	5.1
	5.9

	Raft 25 person
	0.6
	1.9
	2.7
	4.1
	4.9
	5.5
	6.3
	0.6
	1.9
	2.7
	4.1
	5.0
	5.6
	6.4

	Power Boat ≤ 15 ft
	0.5
	1.1
	1.4
	1.9
	2.1
	2.2
	2.2
	0.5
	1.2
	1.5
	1.9
	2.2
	2.3
	2.3

	Power Boat 20 ft
	0.7
	2.0
	2.9
	4.3
	5.2
	5.8
	5.8
	0.7
	2.0
	2.9
	4.3
	5.2
	5.8
	5.8

	Power Boat 33 ft
	0.8
	2.5
	3.8
	6.1
	7.7
	8.9
	10.6
	0.8
	2.5
	3.9
	6.2
	7.8
	9.0
	10.7

	Power Boat 53 ft
	0.8
	3.1
	5.1
	9.2
	12.2
	14.7
	18.5
	0.8
	3.1
	5.1
	9.2
	12.3
	14.7
	18.5

	Power Boat 78 ft
	0.8
	3.3
	5.7
	10.8
	15.0
	18.4
	23.9
	0.8
	3.3
	5.7
	10.8
	15.0
	18.4
	23.9

	Sail Boat 15 ft
	0.7
	1.9
	2.7
	3.9
	4.6
	5.2
	5.2
	0.7
	1.9
	2.7
	3.9
	4.7
	5.2
	5.2

	Sail Boat 20 ft
	0.7
	2.2
	3.2
	4.8
	5.9
	6.6
	6.6
	0.7
	2.2
	3.2
	4.8
	5.9
	6.7
	6.7

	Sail Boat 25 ft
	0.8
	2.4
	3.6
	5.7
	7.1
	8.1
	8.1
	0.8
	2.4
	3.7
	5.7
	7.1
	8.2
	8.2

	Sail Boat 30 ft
	0.8
	2.7
	4.2
	6.8
	8.7
	10.1
	12.2
	0.8
	2.7
	4.2
	6.9
	8.7
	10.2
	12.3

	Sail Boat 40 ft
	0.8
	3.0
	4.9
	8.6
	11.3
	13.4
	16.7
	0.8
	3.0
	4.9
	8.3
	11.3
	13.5
	16.8

	Sail Boat 50 ft
	0.8
	3.1
	5.2
	9.5
	12.7
	15.3
	19.3
	0.8
	3.1
	5.2
	9.5
	12.7
	15.3
	19.4

	Sail Boat 70 ft
	0.8
	3.2
	5.5
	10.3
	14.1
	17.2
	22.1
	0.8
	3.2
	5.5
	10.4
	14.1
	17.3
	22.2

	Sail Boat 83 ft
	0.8
	3.3
	5.7
	11.0
	15.2
	18.7
	24.3
	0.8
	3.3
	5.7
	11.0
	15.2
	18.7
	24.4

	Ship 120 ft
	0.8
	3.4
	6.0
	12.2
	17.4
	21.9
	29.3
	0.8
	3.4
	6.0
	12.2
	17.4
	21.9
	29.3

	Ship 225 ft
	0.8
	3.4
	6.3
	13.6
	20.4
	26.6
	37.7
	0.8
	3.4
	6.3
	13.6
	20.4
	26.6
	37.3

	Ship ≥ 300 ft
	0.8
	3.5
	6.4
	14.3
	22.1
	29.8
	43.8
	0.8
	3.5
	6.4
	14.3
	22.1
	29.8
	43.8


* For search altitudes up to 500 feet only, the values given for sweep width for a person in water may be increased by a factor of 4 if it is known that the person is wearing a personal flotation device. 

Table H-16  Uncorrected Visual Sweep Width – Helicopters for Altitudes 750-1000 Feet

	
	Altitude 750 Feet
Visibility (NM)
	Altitude 1000 Feet
Visibility (NM)

	Search Object
	
	

	
	1
	3
	5
	10
	15
	20
	30
	1
	3
	5
	10
	15
	20
	30

	Person in Water*
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Raft 1 person
	0.4
	0.9
	1.2
	1.6
	1.7
	1.8
	1.8
	0.4
	0.9
	1.2
	1.6
	1.8
	1.8
	1.8

	Raft 4 person
	0.5
	1.2
	1.7
	2.3
	2.6
	2.8
	2.8
	0.5
	1.2
	1.7
	2.3
	2.6
	2.9
	2.9

	Raft 6 person
	0.5
	1.4
	2.0
	2.7
	3.2
	3.5
	3.5
	0.5
	1.4
	2.0
	2.8
	3.2
	3.5
	3.5

	Raft 8 person
	0.5
	1.5
	2.1
	2.9
	3.4
	3.7
	3.7
	0.5
	1.5
	2.1
	2.9
	3.4
	3.8
	3.8

	Raft 10 person
	0.6
	1.6
	2.2
	3.1
	3.7
	4.0
	4.0
	0.5
	1.6
	2.2
	3.2
	3.7
	4.1
	4.1

	Raft 15 person
	0.6
	1.7
	2.4
	3.4
	4.0
	4.5
	5.0
	0.6
	1.7
	2.4
	3.5
	4.1
	4.5
	5.1

	Raft 20 person
	0.6
	1.8
	2.6
	3.9
	4.6
	5.2
	5.9
	0.6
	1.8
	2.7
	3.9
	4.7
	5.2
	6.0

	Raft 25 person
	0.6
	1.9
	2.8
	4.2
	5.0
	5.6
	6.5
	0.6
	1.9
	2.8
	4.2
	5.1
	5.7
	6.5

	Power Boat ≤ 15 ft
	0.5
	1.2
	1.6
	2.0
	2.3
	2.4
	2.4
	0.5
	1.2
	1.6
	2.1
	2.3
	2.5
	2.5

	Power Boat 20 ft
	0.7
	2.0
	2.9
	4.4
	5.3
	5.9
	5.9
	0.7
	2.1
	3.0
	4.4
	5.3
	5.9
	5.9

	Power Boat 33 ft
	0.7
	2.5
	3.9
	6.2
	7.8
	9.0
	10.7
	0.7
	2.6
	3.9
	6.3
	7.9
	9.1
	10.8

	Power Boat 53 ft
	0.8
	3.1
	5.1
	9.2
	12.3
	14.7
	18.5
	0.7
	3.1
	5.2
	9.2
	12.3
	14.8
	18.6

	Power Boat 78 ft
	0.8
	3.3
	5.7
	10.9
	15.0
	18.4
	23.9
	0.8
	3.3
	5.7
	10.9
	15.0
	18.5
	23.9

	Sail Boat 15 ft
	0.7
	1.9
	2.7
	4.0
	4.8
	5.3
	5.3
	0.6
	1.9
	2.8
	4.0
	4.8
	5.4
	5.4

	Sail Boat 20 ft
	0.7
	2.2
	3.2
	4.9
	6.0
	6.7
	6.7
	0.7
	2.2
	3.2
	4.9
	6.0
	6.8
	6.8

	Sail Boat 25 ft
	0.7
	2.5
	3.7
	5.8
	7.2
	8.3
	8.3
	0.7
	2.5
	3.7
	5.8
	7.3
	8.3
	8.3

	Sail Boat 30 ft
	0.8
	2.7
	4.2
	6.9
	8.8
	10.2
	12.3
	0.7
	2.7
	4.2
	6.9
	8.8
	10.3
	12.4

	Sail Boat 40 ft
	0.8
	3.0
	4.9
	8.6
	11.3
	13.5
	16.8
	0.7
	3.0
	4.9
	8.6
	11.4
	13.5
	16.8

	Sail Boat 50 ft
	0.8
	3.1
	5.3
	9.5
	12.7
	15.4
	19.4
	0.7
	3.1
	5.3
	9.5
	12.8
	15.4
	19.5

	Sail Boat 70 ft
	0.8
	3.2
	5.5
	10.4
	14.2
	17.3
	22.2
	0.8
	3.2
	5.6
	10.4
	14.2
	17.3
	22.2

	Sail Boat 83 ft
	0.8
	3.3
	5.7
	11.0
	15.2
	18.8
	24.4
	0.8
	3.3
	5.7
	11.0
	15.3
	18.8
	24.4

	Ship 120 ft
	0.8
	3.4
	6.0
	12.2
	17.4
	21.9
	29.3
	0.8
	3.4
	6.0
	12.2
	17.4
	21.9
	29.3

	Ship 225 ft
	0.8
	3.4
	6.3
	13.6
	20.4
	26.6
	37.3
	0.8
	3.4
	6.3
	13.6
	20.4
	26.6
	37.3

	Ship ≥ 300 ft
	0.8
	3.5
	6.4
	14.3
	22.2
	29.8
	43.8
	0.8
	3.5
	6.4
	14.3
	22.2
	29.8
	43.9


Table H-17  Uncorrected Visual Sweep Width – Helicopters for Altitudes 1500-2000 Feet

	
	Altitude 1500 Feet
Visibility (NM)
	Altitude 2000 Feet
Visibility (NM)

	Search Object
	
	

	
	1
	3
	5
	10
	15
	20
	30
	1
	3
	5
	10
	15
	20
	30

	Person in Water*
	0.0
	0.0
	0.0
	0.1
	0.1
	0.1
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	0.1

	Raft 1 person
	0.3
	0.9
	1.2
	1.6
	1.8
	1.8
	1.8
	0.2
	0.8
	1.2
	1.6
	1.8
	1.8
	1.8

	Raft 4 person
	0.4
	1.2
	1.7
	2.3
	2.7
	2.9
	2.9
	0.3
	1.2
	1.7
	2.3
	2.7
	3.0
	3.0

	Raft 6 person
	0.4
	1.4
	2.0
	2.8
	3.3
	3.6
	3.6
	0.3
	1.4
	2.0
	2.8
	3.3
	3.6
	3.6

	Raft 8 person
	0.4
	1.5
	2.1
	3.0
	3.5
	3.9
	3.9
	0.3
	1.5
	2.1
	3.0
	3.6
	3.9
	3.9

	Raft 10 person
	0.4
	1.6
	2.2
	3.2
	3.8
	4.2
	4.2
	0.3
	1.6
	2.3
	3.3
	3.9
	4.2
	4.2

	Raft 15 person
	0.5
	1.7
	2.4
	3.5
	4.2
	4.6
	5.2
	0.3
	1.7
	2.5
	3.6
	4.3
	4.7
	5.3

	Raft 20 person
	0.5
	1.9
	2.7
	4.0
	4.8
	5.3
	6.1
	0.4
	1.8
	2.7
	4.0
	4.9
	5.4
	6.2

	Raft 25 person
	0.5
	2.0
	2.9
	4.3
	5.2
	5.8
	6.7
	0.4
	1.9
	2.9
	4.3
	5.3
	5.9
	6.8

	Power Boat ≤ 15 ft
	0.4
	1.3
	1.7
	2.2
	2.5
	2.6
	2.6
	0.3
	1.3
	1.7
	2.3
	2.6
	2.7
	2.7

	Power Boat 20 ft
	0.6
	2.1
	3.0
	4.5
	5.4
	6.1
	6.1
	0.4
	2.1
	3.0
	4.5
	5.5
	6.1
	6.1

	Power Boat 33 ft
	0.6
	2.6
	4.0
	6.3
	7.9
	9.2
	10.9
	0.5
	2.6
	4.0
	6.4
	8.0
	9.3
	11.0

	Power Boat 53 ft
	0.7
	3.1
	5.2
	9.3
	12.4
	14.8
	18.6
	0.5
	3.0
	5.2
	9.3
	12.4
	14.9
	18.7

	Power Boat 78 ft
	0.7
	3.2
	5.7
	10.9
	15.1
	18.5
	24.0
	0.5
	3.2
	5.7
	10.9
	15.1
	18.5
	24.0

	Sail Boat 15 ft
	0.6
	2.0
	2.8
	4.1
	4.9
	5.5
	5.5
	0.4
	1.9
	2.8
	4.2
	5.0
	5.6
	5.6

	Sail Boat 20 ft
	0.6
	2.2
	3.3
	5.0
	6.1
	6.9
	6.9
	0.5
	2.2
	3.3
	5.1
	6.2
	7.0
	7.0

	Sail Boat 25 ft
	0.6
	2.5
	3.8
	5.9
	7.4
	8.4
	8.4
	0.5
	2.5
	3.8
	6.0
	7.5
	8.6
	8.6

	Sail Boat 30 ft
	0.6
	2.7
	4.2
	7.0
	8.9
	10.3
	12.5
	0.5
	2.7
	4.3
	7.0
	9.0
	10.4
	12.6

	Sail Boat 40 ft
	0.6
	3.0
	4.9
	8.7
	11.4
	13.6
	16.9
	0.5
	3.0
	4.9
	8.7
	11.4
	13.6
	17.0

	Sail Boat 50 ft
	0.7
	3.1
	5.3
	9.6
	12.8
	15.5
	19.5
	0.5
	3.1
	5.3
	9.6
	12.9
	15.5
	19.6

	Sail Boat 70 ft
	0.7
	3.2
	5.6
	10.4
	14.3
	17.4
	22.3
	0.5
	3.2
	5.6
	10.5
	14.3
	17.4
	22.4

	Sail Boat 83 ft
	0.7
	3.3
	5.7
	11.1
	15.3
	18.8
	24.5
	0.5
	3.2
	5.7
	11.1
	15.4
	18.9
	24.6

	Ship 120 ft
	0.7
	3.3
	6.0
	12.2
	17.5
	22.0
	29.4
	0.5
	3.3
	6.0
	12.2
	17.5
	22.0
	29.4

	Ship 225 ft
	0.7
	3.4
	6.3
	13.6
	20.4
	26.6
	37.3
	0.5
	3.4
	6.3
	13.6
	20.4
	26.6
	37.4

	Ship ≥ 300 ft
	0.7
	3.4
	6.4
	14.3
	22.2
	29.8
	43.9
	0.6
	3.4
	6.4
	14.3
	22.2
	29.8
	43.9


Table H-18  Uncorrected Visual Sweep Width - Helicopters for Altitudes 2500-3000 Feet

	
	Altitude 2500 Feet
Visibility (NM)
	Altitude 3000 Feet
Visibility (NM)

	Search Object
	
	

	
	1
	3
	5
	10
	15
	20
	30
	1
	3
	5
	10
	15
	20
	30

	Person in Water*
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Raft 1 person
	0.1
	0.8
	1.1
	1.6
	1.8
	1.8
	1.8
	0.1
	0.7
	1.0
	1.5
	1.8
	1.8
	1.8

	Raft 4 person
	0.2
	1.1
	1.6
	2.3
	2.7
	3.0
	3.0
	0.1
	1.0
	1.6
	2.3
	2.7
	3.0
	3.0

	Raft 6 person
	0.2
	1.3
	1.9
	2.8
	3.3
	3.7
	3.7
	0.1
	1.2
	1.9
	2.8
	3.3
	3.7
	3.7

	Raft 8 person
	0.2
	1.4
	2.1
	3.1
	3.6
	4.0
	4.0
	0.1
	1.3
	2.1
	3.1
	3.6
	4.0
	4.0

	Raft 10 person
	0.2
	1.5
	2.2
	3.3
	3.9
	4.3
	4.3
	0.1
	1.4
	2.2
	3.3
	3.9
	4.3
	4.3

	Raft 15 person
	0.2
	1.7
	2.5
	3.6
	4.3
	4.8
	5.4
	0.2
	1.6
	2.4
	3.7
	4.4
	4.9
	5.5

	Raft 20 person
	0.3
	1.8
	2.7
	4.1
	4.9
	5.5
	6.3
	0.2
	1.7
	2.7
	4.1
	5.0
	5.6
	6.3

	Raft 25 person
	0.3
	1.9
	2.9
	4.4
	5.3
	6.0
	6.9
	0.2
	1.9
	2.9
	4.4
	5.4
	6.0
	6.9

	Power Boat ≤ 15 ft
	0.2
	1.2
	1.7
	2.3
	2.6
	2.8
	2.8
	0.1
	1.1
	1.7
	2.3
	2.7
	2.9
	2.9

	Power Boat 20 ft
	0.3
	2.0
	3.0
	4.6
	5.5
	6.2
	6.2
	0.2
	2.0
	3.0
	4.6
	5.6
	6.3
	6.3

	Power Boat 33 ft
	0.4
	2.5
	4.0
	6.5
	8.1
	9.3
	11.1
	0.2
	2.5
	4.0
	6.5
	8.2
	9.4
	11.2

	Power Boat 53 ft
	0.4
	3.0
	5.2
	9.3
	12.4
	14.9
	18.8
	0.3
	3.0
	5.2
	9.3
	12.5
	15.0
	18.8

	Power Boat 78 ft
	0.4
	3.2
	5.7
	10.9
	15.1
	18.6
	24.1
	0.3
	3.1
	5.7
	10.9
	15.1
	18.6
	24.1

	Sail Boat 15 ft
	0.3
	1.9
	2.8
	4.2
	5.1
	5.6
	5.6
	0.2
	1.9
	2.8
	4.3
	5.1
	5.7
	5.7

	Sail Boat 20 ft
	0.3
	2.2
	3.3
	5.1
	6.3
	7.1
	7.1
	0.2
	2.1
	3.3
	5.2
	6.3
	7.1
	7.1

	Sail Boat 25 ft
	0.4
	2.5
	3.8
	6.1
	7.6
	8.7
	8.7
	0.2
	2.4
	3.9
	6.1
	7.7
	8.8
	8.8

	Sail Boat 30 ft
	0.4
	2.7
	4.3
	7.1
	9.0
	10.5
	12.6
	0.2
	2.6
	4.3
	7.1
	9.1
	10.6
	12.7

	Sail Boat 40 ft
	0.4
	2.9
	4.9
	8.7
	11.5
	13.7
	17.0
	0.3
	2.9
	4.9
	8.7
	11.5
	13.7
	17.1

	Sail Boat 50 ft
	0.4
	3.1
	5.3
	9.6
	12.9
	15.6
	19.7
	0.3
	3.0
	5.3
	9.7
	13.0
	15.6
	19.7

	Sail Boat 70 ft
	0.4
	3.1
	5.6
	10.5
	14.3
	17.5
	22.4
	0.3
	3.1
	5.6
	10.5
	14.4
	17.5
	22.5

	Sail Boat 83 ft
	0.4
	3.2
	5.7
	11.1
	15.4
	18.9
	24.6
	0.3
	3.1
	5.7
	11.1
	15.4
	19.0
	24.7

	Ship 120 ft
	0.4
	3.3
	6.0
	12.2
	17.5
	22.0
	29.4
	0.3
	3.2
	6.0
	12.2
	17.5
	22.0
	29.5

	Ship 225 ft
	0.4
	3.3
	6.3
	13.6
	20.4
	26.6
	37.4
	0.3
	3.3
	6.3
	13.6
	20.4
	26.6
	37.4

	Ship ≥ 300 ft
	0.5
	3.4
	6.4
	14.3
	22.2
	29.8
	43.9
	0.3
	3.3
	6.4
	14.3
	22.2
	29.8
	43.9


*
Visual searches are seldom conducted from altitudes above 3000 feet; however, for altitudes up to 5000 feet where visibility exceeds 3 NM and target size exceeds 25 feet, the sweep widths given for 3000 feet remain applicable. 

Table H-19  Uncorrected Visual Sweep Width – Vessels and Boats

	
	Vessel SRU

Visibility (NM)
	Small Boat SRU
Visibility (NM)

	Search Object
	
	

	
	1
	3
	5
	10
	15
	20
	1
	3
	5
	10
	15
	20

	Person in Water*
	0.3
	0.4
	0.5
	0.5
	0.5
	0.5
	0.2
	0.2
	0.3
	0.3
	0.3
	0.3

	Raft 1 person
	0.9
	1.8
	2.3
	3.1
	3.4
	3.7
	0.7
	1.3
	1.7
	2.3
	2.6
	2.7

	Raft 4 person
	1.0
	2.2
	3.0
	4.0
	4.6
	5.0
	0.7
	1.7
	2.2
	3.1
	3.5
	3.9

	Raft 6 person
	1.1
	2.5
	3.4
	4.7
	5.5
	6.0
	0.8
	1.9
	2.6
	3.6
	4.3
	4.7

	Raft 8 person
	1.1
	2.5
	3.5
	4.8
	5.7
	6.2
	0.8
	2.0
	2.7
	3.8
	4.4
	4.9

	Raft 10 person
	1.1
	2.6
	3.6
	5.1
	6.1
	6.7
	0.8
	2.0
	2.8
	4.0
	4.8
	5.3

	Raft 15 person
	1.1
	2.8
	3.8
	5.5
	6.5
	7.2
	0.9
	2.2
	3.0
	4.3
	5.1
	5.7

	Raft 20 person
	1.2
	3.0
	4.1
	6.1
	7.3
	8.1
	0.9
	2.3
	3.3
	4.9
	5.8
	6.5

	Raft 25 person
	1.2
	3.1
	4.3
	6.4
	7.8
	8.7
	0.9
	2.4
	3.5
	5.2
	6.3
	7.0

	Power Boat ≤ 15 ft
	0.5
	1.1
	1.4
	1.9
	2.1
	2.3
	0.4
	0.8
	1.1
	1.5
	1.6
	1.8

	Power Boat 20 ft
	1.0
	2.0
	2.9
	4.3
	5.2
	5.8
	0.8
	1.5
	2.2
	3.3
	4.0
	4.5

	Power Boat 33 ft
	1.1
	2.5
	3.8
	6.1
	7.7
	8.8
	0.8
	1.9
	2.9
	4.7
	5.9
	6.8

	Power Boat 53 ft
	1.2
	3.1
	5.1
	9.1
	12.1
	14.4
	0.9
	2.4
	3.9
	7.0
	9.3
	11.1

	Power Boat 78 ft
	1.2
	3.2
	5.6
	10.7
	14.7
	18.1
	0.9
	2.5
	4.3
	8.3
	11.4
	14.0

	Sail Boat 15 ft
	1.0
	1.9
	2.7
	3.9
	4.7
	5.2
	0.8
	1.5
	2.1
	3.0
	3.6
	4.0

	Sail Boat 20 ft
	1.0
	2.2
	3.2
	4.8
	5.9
	6.6
	0.8
	1.7
	2.5
	3.7
	4.6
	5.1

	Sail Boat 25 ft
	1.1
	2.4
	3.6
	5.7
	7.0
	8.1
	0.9
	1.9
	2.8
	4.4
	5.4
	6.3

	Sail Boat 30 ft
	1.1
	2.7
	4.1
	6.8
	8.6
	10.0
	0.9
	2.1
	3.2
	5.3
	6.6
	7.7

	Sail Boat 40 ft
	1.2
	3.0
	4.9
	8.5
	11.2
	13.3
	0.9
	2.3
	3.8
	6.6
	8.6
	10.3

	Sail Boat 50 ft
	1.2
	3.1
	5.2
	9.4
	12.5
	15.0
	0.9
	2.4
	4.0
	7.3
	9.7
	11.6

	Sail Boat 70 ft
	1.2
	3.2
	5.5
	10.2
	13.9
	16.9
	0.9
	2.5
	4.2
	7.9
	10.7
	13.1

	Sail Boat 83 ft
	1.2
	3.3
	5.7
	10.8
	15.0
	18.4
	0.9
	2.5
	4.4
	8.3
	11.6
	14.2

	Ship 120 ft
	1.8
	3.3
	6.0
	12.0
	17.1
	21.5
	1.4
	2.5
	4.6
	9.3
	13.2
	16.6

	Ship 225 ft
	1.8
	3.4
	6.3
	13.4
	20.1
	26.0
	1.4
	2.6
	4.9
	10.3
	15.5
	20.2

	Ship ≥ 300 ft
	1.8
	3.4
	6.4
	14.1
	21.8
	29.2
	1.4
	2.6
	4.9
	10.9
	16.8
	22.5


H.5.5.6
Visual Distress Signaling Devices (VDSDs). When estimating sweep widths for VDSDs, such as pyrotechnics, dye markers, tracer bullets, or signal mirrors, use either twice the range at which survivors can be expected to detect the SRU, or the value given in Tables H-20, H-21, H-22, H-23 or H-24, whichever is smaller.

(a) Daylight Detection Aids. Effectiveness of daylight aids is marginal due to the difficulty in achieving target contrast in a sunlit environment. Estimated sweep widths for various daylight detection aids are given in Tables H-20 and H-21. Hand held orange smoke detectability varies by type of SRU, and also by time on task for surface SRUs. Estimated sweep widths for hand held orange smoke are given in Table H-21 for winds 10 knots or less. For winds over 10 knots the smoke tends to dissipate and sweep width degrades to less than 2 nautical miles.

Table H-20  Visual Sweep Width Estimate for Daylight Detection Aids
	Device
	Estimated Sweep Width (NM)
	SRU Type

	Red/orange balloon
	0.5
	Air or surface

	Orange flight suit
	0.5
	Air

	Red hand flare (500 candlepower)
	0.5
	Air or surface

	Day/night flare
	0.5
	Air or surface

	Red pen gun flare
	0.75
	Air or surface

	Red reflective paulin
	2.0
	Air or surface

	Tracer bullets
	2.0
	Air or surface

	Green dye marker*
	2.0
	Air

	Red/orange flag (waving) (3 ft x 3 ft)
	2.5
	Air or surface

	Sun signal mirror
	5.0
	Air or surface

	White parachute
	5.0
	Air or surface

	Red meteor (star) or parachute flare (10,000 candlepower)*
	6.0
	Air or surface


*Greatly reduced in heavy seas

Table H-21  Visual Sweep Width Estimates for Hand Held Orange Smoke1
	SRU Type
	Time on Task (hr)

	
	< 3
	> 3

	Small boat (CG 47’ MLB or less)
	4.6
	2.8

	Vessel (CG greater than 47’)
	6.9
	5.0

	Air*
	7.7


*Sweep width based on test results involving helicopters only.

(b) Night Detection Aids. If it is known, or suspected, that survivors can make a night signal, night visual searches should be conducted.  Searches during the early stages potentially yield a high POD. Cloud cover, wind, and obscurations to visibility have less detrimental effects on night detection aids. Even a flashlight may be seen. On clear nights, pyrotechnics have been sighted in excess of 40 nautical miles. Sweep width should be based on the most likely VDSD to be used, and limited to slightly less than twice the estimated range at which survivors can detect the SRU. Estimated sweep widths for night detection aids are given in Table H-22, H-23 and H-24. Hand held red flare detectability varies by type of SRU, and also by time on task for surface SRUs. Estimated sweep widths for hand held red flares are given in Table H-23. Life ring and life jacket strobe light detectability varies by type of SRU and time on task, and also by wind speed for surface SRUs. Estimated sweep widths for life ring/life jacket white strobes (50,000 peak candlepower) are given in Table H-24.

Table H-22  Visual Sweep Width Estimates for Night Detection Aids

	Device
	Estimated Sweep Width (NM)
	SRU Type

	Strobe (2,000 candlepower peak)
	0.5
	Air or surface

	Cyalume personnel marker light
	1.0
	Air or surface

	Electric flashing SOS lantern or hand flashlight
	3.0
	Air or surface

	Tracer bullets
	4.0
	Air or surface

	Red Very signals
	8.0
	Air or surface

	Aircraft marine markers
	8.0
	Air or surface

	Red pen gun flare
	8.0
	Air or surface

	Red meteor (star) or parachute flare (10,000 candlepower)
	10.0 or twice limit of survivor/ SRU visibility
	Air or surface


Table H-23  Visual Sweep Width Estimates for  Hand Held Red Flare (500 candlepower)1
	SRU Type
	Time on Task (hr)

	
	< 3
	> 3

	Small boat (41' UTB)
	10.7
	10.2

	Vessel (90' WPB)
	13.0
	12.6

	Air*
	15.4


*Sweep width based on test results involving helicopters only.

Table H-24  Visual Sweep Width Estimates for Life ring/Life jacket White Strobe (50,000 peak candlepower)1
	Surface SRU
	Time on Task (hr)

	Wind Speed (kts)
	< 3
	> 3

	<10
	3.9
	2.1

	10-15
	2.6
	1.1

	>15*
	1.3
	0.5

	

	Air SRU**
	Time on Task (hr)

	
	< 1
	> 1

	
	4.4
	3.9


*Values for this category were extrapolated from test data.

**Based on test results with helicopters only.

H.5.5.7
EPIRB/ELT Sweep Widths
(a) The detection range data obtained from various sources may be tabulated as maximum, average, or minimum ranges:

(1) Maximum detection range - range at which a target is first detected which is the maximum of a series of such ranges taken on the target.

(2) Minimum detection range - range at which a target is first detected which is the minimum of a series of such ranges taken on the target.

(3) Average detection range - range that is the average of a series of ranges at which a target is first detected.

(b) The following guidelines, listed in order of preference, are recommended for developing an EPIRB/ELT sweep width:

(1) When minimum detection range is known: W = (1.7) x (minimum detection range).

(2) When average detection range is known: W = (1.5) x (average detection range).

(3) When maximum detection range is known: W = (1.0) x (maximum detection range).

(4) When no detection range is known: W = (0.5) x (horizon range), using horizon range table (Table H-39).

(c) If search aircraft VHF/UHF antennas are located on top of the aircraft or in the tail, the sweep widths determined by these rules should be reduced by 25 percent.

(d) Sweep width should be cut in half if searching in mountainous regions.

H.5.5.8
Radar Sweep Widths.  Radar is primarily used for maritime search. Most aircraft radars available for SAR would be unlikely to detect typical search objects on land except for metal wreckage or vehicles in open desert or tundra. Sweep width depends on the type of radar, height of eye to the horizon, environmental clutter and noise, radar cross section of the search object, radar beam refraction due to atmospherics, and sensor operator ability. 

This section provides sweep widths for a limited range of radar systems, search object types and sea conditions. For other radars, search objects and sea conditions, the manufacturer's detection performance estimates should be used when available. Manufacturers should have completed extensive testing of their products, and may be able to provide detection capabilities for particular objects and specified environmental conditions. If this information is not available, the SMC may ask radar operators for estimates of sweep width based on operational experience. An experienced radar operator familiar with the assigned radar should be able to offer fairly accurate estimates of effective (not maximum) detection range.  Radar operators should be told that the effective detection range is the range at which they believe the search object will certainly be detected under prevailing conditions. Sweep width can be calculated as about twice this estimate of effective range. Sweep width estimates for small fiberglass or wooden craft that may be capsized are based on the assumption that the object has no engine or significant metal equipment exposed.  Another way to estimate sweep width is to estimate the range beyond which the number of a given type of object that are detected will equal the number missed at closer ranges if it is assumed that such objects are uniformly distributed over the sea surface.  Twice this range is the effective sweep width.

(a) Significant Wave Height is the height of seas that will typically be reported by an experienced mariner and was used in the development of the radar sweep width tables. Sweep widths for significant wave heights over 5 feet are not reported below because little data has been collected under these conditions, and most radars show excessive sea return (clutter) in these conditions.
(b)
Surface Vessel Radar.  The following information should be considered when planning searches utilizing surface vessel radars:

(1)
The effective search range of radars varies greatly. (The AN/SPS-64 (V) was found to be more effective for small objects than the AN/SPS-66 model.)

(2)
The AN/SPS-64 (V) and AN/SPS-66 radars both provided better search performance against small objects when the 3 NM range scale was used than when the 6 NM scale was used.

(3)
The AN/SPS-73 radar was evaluated on the 6 NM range scale in low sea state only.  While the AN/SPS-64 (V) and AN/SPS-66 radars were evaluated against small boats, the AN/SPS-73 was evaluated only against life rafts.  A comparison of the low sea state sweep widths indicates that better search performance can be expected when using the AN/SPS-73.

(4)
Surface vessel radar sweep widths for small search objects should only be applied in low sea states as tabulated below.  For example, radar sweep width for 4-10 person life rafts without radar reflectors is nil when winds exceed 15 knots.

(5)
Radar reflective devices significantly improved detection probability.

(6)
The decision of whether or not to utilize the surface vessel radar in a search, especially if it requires dedicating a crewperson who could be used for visual search, should be based on a comparison of the radar sweep width to those for other available sensors.  Surface radar searches will generally be preferred when visibility is poor, sea state is low to moderate, and the search object is equipped with a radar reflector.  Radar sweep widths deteriorate rapidly with the onset of precipitation, higher winds and/or higher seas.

(7)
Visual scanners should concentrate on the area in the immediate vicinity of the search unit during low visibility radar searches to avoid missing objects that pass close aboard through the area of heavy radar sea return.

(c)
For Surface Vessel Radar (SVR), the sweep widths in Tables H-25 and H-26 can be used, based upon limited at-sea testing with the AN/SPS-64(V) ,AN/SPS-66 and AN/SPS-73 radars.  Because the AN/SPS-73 sweep widths achieved against life rafts are substantially higher than those achieved by the AN/SPS-64(V) against small boats, it is recommended that the life raft sweep width values also be used for small boats until more specific information is available for the AN/SPS-73.

(1)
For intermediate-size objects in significant wave heights less than 5 feet, the information from Table H-28 must be interpolated. For significant wave heights greater than 5 feet, an experienced radar operator on the basis of sea state and search object characteristics should estimate sweep width.

(2)
When windy conditions cause heavy sea clutter, SVR search patterns oriented with major search legs in the crosswind direction and crosslegs in the downwind direction provide the best radar coverage.  However, sea conditions may inhibit searching in this manner.

(3)
Although the AN/SPS-66 small boat radar is no longer in service, no sweep width data is yet available for the AN/SPS-69 or SINS radars that replaced it.  In the absence of new information, the AN/SPS-66 sweep widths may be used as conservative estimates of small boat radar sweep widths.

Table H-25  Sweep Widths and Recommended Settings for AN/SPS-73 Radar (4-10 person life rafts with and without  radar reflectors)

	
	SWEEP WIDTHS FOR AN/SPS-73 RADAR
(Nautical Miles)

	WEATHER
	OBJECT TYPE
	On scene Surface Winds (kts)

	
	
	<5
	to 10
	to 15
	>15

	No Rain or Drizzle
	Raft w/ reflector
	10.6
	8.6
	5.8
	unknown

	
	Raft w/o reflector
	5.1
	2.5
	0.9
	nil

	Moderate Rain
	Raft w/ reflector
	8.3
	4.7
	1.7
	unknown

	
	Raft w/o reflector
	4.3
	1.5
	0.3
	nil

	RECOMMENDED SETTINGS


	Range Scale:
6 NM range scale

Pulse Width:
M1 pulse width (AUTO)

STC:
Zero

FTC:
Less than 80% for no rain, at least 80% for rain

Persistence:
No higher than 15

Interference Rejection:
ON at 100%


Table H-26  Sweep Widths for Surface Vessel Radar (NM)
	Object Type
	Significant Wave Height (ft)
	Sweep Width (NM) Surface Vessel Radar System

	
	
	AN/SPS-64(V)
	AN/SPS-66

	Small (20 feet or less) fiberglass boats, without radar reflector or engine/metal equipment
	0 to 1
	1.4
	0.8

	
	>1 to 5
	1.1
	0

	Small (20 feet or less) fiberglass boats, with radar reflector or engine/metal equipment
	0 to 1
	5.0
	2.0

	
	>1 to 5
	1.6
	0.4

	Medium to large vessels (40 feet or over) with significant amounts of reflective material
	0 to 3
	13
	9.5


(d)
Forward-Looking Airborne Radar (FLAR).  Research has been conducted on various fixed wing aircraft to determine the detection capabilities of FLARs for SAR operations.  From detection data collected under realistic search scenarios estimates of sweep width have been calculated.

(1) The AN/APS-137 FLAR is an X-band, air-to-surface Inverse Synthetic Aperture Radar (ISAR) that provides high resolution, small-target detection, weather avoidance, sea surveillance, and Doppler display.  The AN/APS-137 system has special selectable features that enhance system performance against weak targets. Sweep widths for conducting and planning AN/APS-137 (aircraft) SAR searches are summarized in table H-27 with consideration of the following general recommendations:

· Search altitude - 1500 feet or lower.

· Search speed - 180-220 knots IAS.

· Use only 16 NM range scale for life raft searches.

· Search full radar display, do not limit search by track spacing.

· Screen cursor may hide weak targets.

· Refresh radar screen when 1/4 of display in front of the aircraft is off-screen.

Table H-27  Sweep Widths for Forward-Looking Airborne Radar (AN/APS-137)

	16 Nautical Mile Radar Range Scale

(Sweep Width in Nautical Miles)

	
	On-scene Surface Winds (kts)

	Object Type
	< 5
	to 10
	to 15
	to 20
	to 25
	to 35
	to 45
	to 55
	to 65
	> 65

	4 to 10 person life raft
	12.1
	8.6
	3.1
	0
	0
	0
	0
	0
	0
	0

	17 to 25 foot recreational boat
	13.6
	11.9
	8.2
	2.8
	0
	0
	0
	0
	0
	0

	26 to 35 foot recreational boat
	16.6
	16.3
	15.4
	14.2
	12.6
	9.5
	3.9
	0
	0
	0

	36 to 50 foot recreational boat
	21.0
	20.7
	19.9
	18.9
	17.5
	14.7
	9.8
	3.5
	0
	0

	
	
	
	
	
	
	
	
	
	
	

	32 Nautical Mile Radar Range Scale

(Sweep Width in Nautical Miles)

	
	On-scene Surface Winds (kts)

	Object Type
	< 5
	to 10
	to 15
	to 20
	to 25
	to 35
	to 45
	to 55
	to 65
	> 65

	17 to 25 foot recreational boat
	17.4
	15.7
	12.0
	6.6
	0
	0
	0
	0
	0
	0

	26 to 35 foot recreational boat
	22.1
	21.7
	20.9
	19.7
	18.1
	14.9
	9.3
	2.1
	0
	0

	36 to 50 foot recreational boat
	29.0
	28.7
	27.9
	26.9
	25.5
	22.7
	17.8
	11.5
	3.8
	0


(2)
The RDR-1300 model radar is found on the HH-65 and HH-60J aircraft.  This radar is comparable to the APN-215 and the sweep width tables corresponding to the APN-215, Table H-28, are applicable. For searches using the RDR-1300, APN-215, APS-133 and APS-127 FLAR (Tables H-28 and H-29) the following guidance is provided:

(i) Sweep widths for small objects in significant wave heights of 5 feet or greater decrease rapidly to zero.

(ii) Detection range is more often limited by either clutter or signal-to-noise ratio than by horizon distance.

(iii) AN/APS-127 searches should be conducted at lower altitudes whenever flight operations permit, particularly when seas are greater than two feet, because higher altitudes tend to enhance sea return.

(iv) The AN/APS-127 provides a useful detection capability for life rafts when the 10NM scale is used. The 20NM range scale may degrade detection capability at each range interval but the doubling of the range scale leads to a greater sweep width. Either the 10 or 20NM range scale is effective against 24 to 43 foot boats.

(3)
The AN/APS-143 ISAR is carried in the HU-25D aircraft.  No sweep width data are yet available for this system.  In the absence of system-specific sweep width data for the AN/APS-143, sweep widths for the AN/APS-137 may be substituted but should be considered an upper bound.  While both ISAR radars are designed for high performance air-to-surface maritime search, the HU-25D carries a smaller antenna and operator display than the HC-130.

(4)
The AN/APG-66 multi-mode radar is carried on the HU-25C aircraft.  No sweep width data is available yet for this system.

Table H-28  Sweep Widths for Forward-Looking Airborne Radar (AN/APS-133, AN/APN-215)
	Object Type
	Significant Wave Height (ft)
	Sweep Width (NM) Radar System

	
	
	AN/APS-133 MAP-1 and MAP-2 Modes
	AN/APN-215 SEARCH-1 and SEARCH-2 Modes

	Small (20 feet or less) fiberglass boats, without radar reflector or engine/ metal equipment
	0 to 1
	7
	4

	
	>1 to 3
	2
	2

	Small (20 feet or less) fiberglass boats, with radar reflector or engine/metal equipment
	0 to 1
	8
	6

	
	>1 to 3
	3
	3

	Medium to large (40 to 100 feet) targets with significant amounts of reflective material
	0 to 1
	40
	40

	
	>1 to 5
	4
	4

	Metal targets longer than 100 feet
	0 to 1
	>50
	>50

	
	>1 to 5
	16
	16


Table H-29  Sweep Widths for Forward-Looking Airborne Radar (AN/APS-127)2
	Object Type
	Range Scale(NM)
	Search Altitudes(FT)
	Significant Wave(FT)
	Sweep Width(NM)

	6 to 10 person life rafts
	10
	500 to 4500
	< 2
	5.4

	
	
	
	2 to 5
	1.8

	
	
	
	> 5
	nil

	24 to 43 foot boats
	10
	500 to 1000
	< 2
	12.8

	
	
	
	2 to 5
	10.8

	
	
	
	6 to 10*
	6.3

	
	
	
	> 10*
	3.1

	
	
	1100 to 2400*
	< 2
	11.2

	
	
	
	2 to 5
	9.2

	
	
	
	6 to 10
	4.7

	
	
	
	> 10
	2.3

	
	
	2500 to 5000
	< 2
	8.5

	
	
	
	2 to 5
	7.2

	
	
	
	6 to 10*
	3.5

	
	
	
	> 10*
	1.5

	6 to 10 person life rafts
	20
	500 to 4500
	< 2
	7.0

	
	
	
	2 to 5*
	1.8

	
	
	
	> 6*
	nil

	24 to 30 foot boats
	20
	500 to 4000
	< 2
	14.1

	
	
	
	2 to 5*
	7.0

	
	
	
	6 to 10*
	4.9

	
	
	
	> 10*
	2.4

	31 to 43 foot boats
	20
	500 to 4000
	< 2
	24.9

	
	
	
	2 to 5*
	15.3

	
	
	
	6 to 10*
	7.0

	
	
	
	> 10*
	3.5


*Values for this category were extrapolated from test data.

(e)
Side-Looking Airborne Radar (SLAR).  The MSS-5000 SLAR, which is a digital display/record upgrade to the AN/APS-135 SLAR, is currently available for use on up to two HC-130s at CGAS Elizabeth City.   Unlike conventional search radars that constantly refresh the image of a large area, SLAR takes “snapshots” of the areas immediately to either side of a moving aircraft.  The result is a moving surface map display that depicts a single “look” at any given location.

(1)
The AN/APS-131 model SLAR, which was part of the HU-25B AIREYE oil spill reconnaissance system, has been decommissioned.

(2)
Recommended sweep widths for SLAR on Coast Guard aircraft are shown in Table H-30.  Specific findings of the research that are of interest to SAR planners are:

(i) SLAR models tested are capable of detecting 180-foot ships nearly 100% of the time in seas up to at least 6 feet and ranges up to 30 NM.

(ii) Objects as small as 16-foot boats with metal equipment (engine, gas tanks, frames, etc.) can be detected better than 90% of the time in seas less than 3 feet and 30% - 50% of the time in seas of 3-6 feet.  These objects can be detected in low sea states out to the 30 NM swath width limit.

(iii) Four to ten person life rafts can be detected 40% to 70% of the time in seas less than 3 feet, but can be detected less than 15% of the time in seas of 3 to 6 feet.

(3)
Presently these SLAR equipped aircraft are the primary iceberg surveillance platforms for the International Ice Patrol (IIP).

(4)
SLAR has limited use during a search.  SLAR is essentially an aerial surveying system.  To adequately survey an area, the aircraft must fly level and straight.  The SLAR aircraft or other SRUs must then identify any objects detected on the stored radar image.

(f)
Sweep widths for Side-Looking Airborne Radar (SLAR), based on tests of the AN/APS-94D SLAR systems, are given in Table H-32.  Limited tests of the AN/APS-135 conducted with IIP indicate that the MSS-5000 should perform somewhat better than the sweep widths tabulated below.

(1) Sweep widths are based on altitudes of 2,500 to 4,000 feet for objects under 40 feet long, and 8,000 feet for objects over 40 feet long, with range scales no greater than 27 NM.

(2) SLAR is usually capable of searching large areas to either side of the aircraft and includes a digital record of the search that can be replayed for extended analysis.

(3) Search legs should be aligned upwind and downwind so that the radar signal is aimed crosswind at all times. This tactic allows the largest possible area to be searched without contending with heavy upwind sea clutter.

(4) When time and resources are sufficient to conduct multiple searches of an area, search tracks for the second search should be offset from the first search to compensate for the blind zone adjacent to aircraft ground track. The commence search point (CSP) for the second search is offset a distance at least equal to the blind zone width, which is approximately twice the search altitude.

Table H-30  Sweep Widths For Side-Looking Airborne Radar (NM)
	Target Type
	Significant Wave Height (ft)

	
	0 to 1
	>1 to 5

	Fiberglass or wooden boats, 20 feet or less, without radar reflector or engine/ metal equipment
	16
	<6

	Fiberglass or wooden boats, 20 feet or less, with radar reflector or engine/metal equipment
	21
	6

	Life rafts, 4 to 10 persons without radar reflectors
	12
	<5

	Objects, 40 to 100 feet, with significant metal equipment
	47
	24

	Metal targets longer than100 feet
	57
	54


H.5.5.9
Other Sensor Sweep Widths

(a)
Forward-Looking Infrared (FLIR) Systems.  FLIR detects thermal (heat) energy and can be used day or night.  It is adversely affected by rain and moderate to heavy fog because water readily absorbs thermal energy.  Section 5.6 of this Addendum lists which Coast Guard aircraft carry FLIR capability.  The MARFLIR system is carried by most WHECs and WMECs, and FLIR is becoming available on some CPBs and WPBs.

 (b)
FLIR Sweep Widths. Sweep widths and recommended system settings for MARFLIR, based on limited testing with life rafts, are given in Table H-31.  Sweep widths should be approximated, using an experienced operator's best estimate of effective detection ranges for other FLIR systems, search object types and field of view/scan width limits. Operators should be told the effective detection range is the range at which they believe the object will certainly be detected under prevailing condi​tions. Sweep width should not exceed the effective azimuthal coverage of the FLIR system in use, regardless of object size. Figure H-23 illustrates a means of estimating FLIR sweep width using input from an experienced sensor operator.

(1)
No sweep width data are yet available for Coast Guard airborne FLIRs.

(2)
All FLIR systems have a limited field of view (FOV), and most offer multiple magnifications.  Higher magnification means smaller FOV.

(3)
Longer detection ranges achieved by using high magnification/small FOV must be balanced against the effective area coverage that can be achieved without leaving gaps.

(4)
Many FLIRs have automated scan modes that can be set by the operator to help achieve more consistent area coverage.  Options vary from system to system.

Table H-31  Sweep Widths and Recommended Settings for MARFLIR (4-10 person life rafts).

	SWEEP WIDTHS FOR MARFLIR 

(4-10 person life rafts)

(Nautical Miles)

	Daylight (nm)
	Sweep Width at Dusk/Night (nm)

	5.0
	3.0

	RECOMMENDED  SETTINGS *


	Sensor:
FLIR

Polarity:
White Hot**

Level Control:
Automatic**

Zoom:
½ to ¾ of maximum zoom

Extender:
Off

Scan Rate:
30 to 45 degrees per minute***

Scan Limit:
000oR ( 90o


* 
Search unit speed is assumed to be 10 knots.  

** 
Use of Black Hot polarity requires manual level control.

***
The 45-degrees/minute scan rate should only be used under favorable conditions, i.e., when high contrast is anticipated between the raft and background.
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Figure H-23 Estimated FLIR Sweep Width

(c)
Night Vision Goggles (NVG).  Many SAR incidents occur or become known to the Coast Guard during the afternoon or night.  The greatest benefit of NVG is that this sensor enables searchers to conduct effective searches at night, thus search planners will not have to wait until first light the following day to begin effective visual searches. This will increase the probability of survival for those persons in distress.  Research showed NVG searches from UTBs are not recommended because the lookouts are prone to seasickness when using NVG, but they are effective from aircraft.

(1)
NVG Search Sweep Widths for Helicopters.  Select the base sweep width (BSW) for Boat, Raft or PIW search object from Table H-32.  Illuminated search is a NVG search using one or two helicopter landing lights, or where available, an IR source of illumination, during the search.   Select the appropriate environmental situation correction factors from Table H-32a for PIW or Table H-32b for boat/raft.  Enter the base sweep width and environmental correction factors in the following equation to calculate the NVG sweep width:
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Correction factor for number of searchers:  Base sweep widths always assume a 4-person NVG search.  If only 3 persons are searching with NVGs, a correction factor must be applied.  For Boat/Raft targets the correction factor is 0.8, and for PIWs the correction factor is 0.9.  The correction factor should be applied to the sweep width calculated above.

(2)
NVG Search Sweep Widths for Vessels.  Table H-33 provides sweep width estimates for unlighted targets from a 210’ WMEC.  The values provided can be used as a guide for other unlit targets of similar size and for use of NVGs used from other surface craft.

(3)
Other considerations for NVG use:

· During searches with NVGs for lighted targets, the sweep width should be a value equal to the lesser of the distance to the visual horizon or the estimated meteorological visibility.

· During searches for the green chemical Personal Marker Lights, NVGs should not be used because the filters used filter the green chemical light wavelength.

· The use of NVGs during searches from UTBs has found to be of limited value.  Night searches should not be conducted from UTBs with NVGs used as the primary search sensor.

Table H-32  Base Sweep Widths (BSW) for NVG - Helicopters

	Search Object
	Search Type

	
	Illuminated
	Non-Illuminated

	PIW 1
	w/o PFD or retro-reflective material
	0.05
	0.01

	
	w/ PFD
	0.6
	0.1

	Rafts

(canopies with retro-reflective material)
	1 or 2-person
	0.7
	0.6

	
	4-person
	0.9
	0.8

	
	6-person 2
	1.0
	0.9

	
	8-person
	1.1
	1.0

	
	10-person
	1.2
	1.1

	
	15-person
	1.4
	1.3

	
	20-person
	1.6
	1.4

	
	25-person
	1.7
	1.5

	Boats

(no lights or retro-reflective material)
	8 to 12 ft
	0.4
	0.4

	
	13 to 19 ft 3
	0.8
	0.8

	
	20 to 25 ft 4
	1.2
	1.1

	
	26 to 35 ft
	1.8
	1.6

	
	36 to 45 ft
	2.2
	2.1

	
	46 to 55 ft
	2.5
	2.3


1 – values are estimates     2 – based on measured data     3 – based on 18-ft skiff data     4 – based on 21-ft skiff data

Table H-32a  Environmental Situation Correction Factors for PIW

	Environmental Condition
	Search Type

	
	Illuminated
	Non-Illuminated

	Moon Visible & Phase

(MVPHS)
	> 75%
	1.1
	1.4

	
	25 to 75%
	1
	1

	
	Moon not Visible or  < 25%
	0.9
	0.7

	Cloud Cover (CLDC)
	< 25%
	1.1
	1.1

	
	25 to 75%
	1
	1

	
	> 75%
	0.9
	0.9

	Visibility (VIS)
	≥ 2 nm
	1
	1

	
	> 0.5 to < 2 nm
	0.8
	0.7

	
	≤ 0.5 nm
	0.6
	0.3

	Significant Wave Height (Hs)
	0 to < 3 ft
	1.2
	1.7

	
	3 ft
	1
	1

	
	> 3 to 6 ft
	0.8
	0.5

	Whitecaps (WHCAPS)
	None
	1.1
	1.3

	
	Few
	1
	1

	
	Many
	0.9
	0.8

	Fatigue Factor (FATIGUE)
	Rested (0 to 3 hr NVG search)
	1
	1

	
	Fatigued/Very Fatigued (> 3 to 6 hrs)
	0.9
	0.9


Table H-32b  Environmental Situation Correction Factors for Boat/Raft

	Environmental Condition
	Search Type

	
	Illuminated
	Non-Illuminated

	Moon Visible & Phase

(MVPHS)
	> 75%
	1.15
	1.32

	
	25 to 75%
	1
	1

	
	Moon not Visible or  < 25%
	0.88
	0.76

	Cloud Cover (CLDC)
	< 25%
	1.27
	1.27

	
	25 to 75%
	1
	1

	
	> 75%
	0.82
	0.82

	Visibility (VIS)
	≥ 2 nm
	1
	1

	
	> 0.5 to < 2 nm
	0.83
	0.83

	
	≤ 0.5 nm
	0.57
	0.57

	Significant Wave Height (Hs)
	0 to < 3 ft
	1.28
	1.28

	
	3 ft
	1
	1

	
	> 3 to 6 ft
	0.74
	0.74

	Whitecaps (WHCAPS)
	None
	1.13
	1.13


	
	Few
	1
	1

	
	Many
	0.87
	0.87

	Fatigue Factor (FATIGUE)
	Rested (0 to 3 hr NVG search)
	1
	1

	
	Fatigued (> 3 to 4 hrs on NVGs)
	0.9
	0.9

	
	Very Fatigued (> 4 to 6 hrs)
	0.8
	0.8


Table H-33  Sweep Width Estimates for Unlighted Targets from 210' WMEC
	Target
	Seas at and Below 5 Feet
	Seas Above 5 Feet

	4 Person life raft

6 Person life raft

8 Person life raft

10 Person life raft

15 Person life raft
	0.5

0.8

1.0

1.5

1.5
	0.2

0.3

0.4

0.6

0.7


H.5.5.10
Multisensor Sweep Width Considerations

(a)
Environmental parameters limit all types of search methods. Multisensor searching, both sensor and combinations of sensor and visual, can be used to mitigate environmental limitations.  Table H-34 outlines various ways in which radar, infrared, and visual searches can be combined to complement each other and possibly overcome some environmental conditions.

(b)
Sweep width values for various combinations of search sensors, based on the type of conditions, type of target, and sensors used, are presented in tables that follow.

(c)
Combined sensor searches should be planned so that sensor capabilities complement each other. Search patterns and track spacing should be selected on the basis of the effectiveness of the different SRU sensors available. The most effective sensor should be favored and controllable parameters, such as speed and altitude, should be selected to maximize the performance of the most capable sensor.

(d)
Multisensor searches are normally assigned only if they provide the maximum sweep width possible with the available personnel. Scanners should not be manning sensors ineffective for the search conditions if they might be used as visual scanners.

(e)
Visual searching may supplement sensor coverage by filling in blind zones created by antenna configuration and physical or operational limitations of the electronic equipment.

Table H-34  Environmental Limitations and Multisensor Search

	Environmental Limitation
	Visual
	Radar
	Infrared

	Darkness
	Very limited detection capability
	Short- and long-range target detection, but no identification
	Short-range target detection/identification of long-range radar targets after closing

	Poor visibility (daylight)
	Detection and identification to limit of visibility
	Short- and long-range target detection, but no identification
	May extend limits of visibility when haze limits detection by naked eye

	High sea state
	Reduced effectiveness, but some ability to distinguish target from whitecaps
	Detection of medium/ large targets only

Many false targets
	Short-range target detection/identification

Better than visual search only at night or with high thermal contrast target


H.5.5.11
SLAR/Visual. The multi-sensor sweep width tables assume searching at 200 knots at 2000 feet altitude. Combined sweep widths for metal-hulled objects over 40 feet long are estimated to be the same as for SLAR search alone.

Table H-35  SLAR/Visual Weather Conditions

	Parameter
	Good Conditions
	Fair Conditions

	Wind Speed
	8
	15

	Significant Wave Height (ft)
	0.5
	2

	Visibility (NM)
	10
	5

	Cloud Cover (%)
	50
	100

	Time on Task (hr)
	2
	2

	Search Speed (knots)
	200
	200

	Search Altitude (ft)
	2000
	2000


Table H-36  SLAR/Visual Sweep Widths (NM)
	Object Type
	Environmental Conditions

	
	Good
	Fair

	High-Contrast (e.g. white), 
16- to 21-ft Fiberglass or Aluminum Boat with Engine and/or Other Metal Equipment
	22.0
	21.8

	Medium-Contrast (e.g. Blue), 
16-ft Fiberglass Boat Without Engine or Other Metal Equipment
	17.1
	16.8

	Low-Contrast (e.g. Black), Life Raft without Metal Equipment or Canopy
	13.7
	13.3


* "Good" and "Fair" environmental conditions from Table 4-19.

H.5.5.12
SVR/Visual. Combined sweep widths for targets with a radar cross section of at least 50 square meters are estimated as twice the radar horizon range in conditions up to sea-state 3.  For vessels with antenna heights above 30 feet, sweep widths in the tables should be considered as minimum values since the radar horizon will be longer for these SRUs.

Table H-37  UTB SVR/Visual Sweep Width for Targets With Radar Reflectors

	Environmental Conditions
	High-Contrast
16-Ft Boat or 
Life Raft w/ Canopy
	Medium-Contrast
16-Ft Boat or 
Life Raft w/o Canopy
	Low-Contrast
Life Raft w/o Canopy

	Good Weather; 0.5-ft Seas
	3.6
	3.2
	3.0

	Fair Weather; 3-ft Seas
	1.1
	0.8
	0.7

	Light Rain (1 mm/hr); 1-ft Seas
	3.0
	2.6
	2.5

	Moderate Rain (4 mm/hr); 1-ft Seas
	2.2
	1.8
	1.6

	Heavy Rain (16 mm/hr); 2-ft Seas
	0.8
	0.7
	0.6

	Moderately Heavy Snow 
(4 mm/hr of water); 2-ft Seas
	0.7
	0.6
	0.6

	Dense Fog (100-ft visibility); 0.5-ft Seas
	1.9
	1.9
	1.9


Note: Sweep widths are rounded to nearest 0.1 nautical mile.

Table H-38  UTB SVR/Visual Sweep Width for Targets Without Radar Reflectors

	Environmental Conditions
	High-Contrast
16-Ft Boat
or Life Raft w/ Canopy
	Medium-Contrast
16-Ft Boat
or Life Raft w/o Canopy
	Low-Contrast
Life Raft w/o Canopy

	Good Weather; 0.5-ft Seas
	3.5
	3.0
	2.9

	Fair Weather; 3-ft Seas
	*
	*
	*

	Light Rain (1 mm/hr); 1-ft Seas
	2.7
	2.3
	2.1

	Moderate Rain (4 mm/hr); 1-ft Seas
	2.1
	1.6
	1.4

	Heavy Rain (16 mm/hr); 2-ft Seas
	0.4
	0.3
	0.3

	Moderately Heavy Snow 
(4 mm/hr of water); 2-ft Seas
	0.2
	0.2
	0.1

	Dense Fog (100-ft visibility); 0.5-ft Seas
	0.4
	0.4
	0.4


Note: Sweep widths are rounded to nearest 0.1 nautical mile.

* The AN/SPS-66 radar was unable to detect targets without radar reflectors in these conditions.  Visual sweep width alone applies.

Table H-39  WPB SVR/Visual Sweep Width for Targets With Radar Reflectors
	Environmental Conditions
	High-Contrast
16-Ft Boat
or Life Raft w/ Canopy
	Medium-Contrast
16-Ft Boat
or Life Raft w/o Canopy
	Low-Contrast
Life Raft w/o Canopy

	Good Weather; 0.5-ft Seas
	5.5
	5.1
	5.1

	Fair Weather; 3-ft Seas
	1.7
	1.6
	1.6

	Light Rain (1 mm/hr); 1-ft Seas
	4.3
	4.1
	3.9

	Moderate Rain (4 mm/hr); 1-ft Seas
	2.5
	2.2
	2.2

	Heavy Rain (16 mm/hr); 2-ft Seas
	0.8
	0.7
	0.7

	Moderately Heavy Snow 
4 mm/hr of water); 2-ft Seas
	1.7
	1.7
	1.7

	Dense Fog (100-ft visibility); 0.5-ft Seas
	3.6
	3.6
	3.6


Note: Sweep widths are rounded to nearest 0.1 nautical mile.

Table H-40  WPB SVR/Visual Sweep Width for Targets Without Radar Reflectors

	Environmental Conditions
	High-Contrast
16-Ft Boat
or Life Raft w/ Canopy
	Medium-Contrast
16-Ft Boat
or Life Raft w/o Canopy
	Low-Contrast
Life Raft w/o Canopy

	Good Weather; 0.5-ft Seas
	4.9
	4.3
	4.1

	Fair Weather; 3-ft Seas
	1.3
	1.2
	1.2

	Light Rain (1 mm/hr); 1-ft Seas
	3.3
	2.7
	2.6

	Moderate Rain (4 mm/hr); 1-ft Seas
	2.1
	1.6
	1.4

	Heavy Rain (16 mm/hr); 2-ft Seas
	0.4
	0.3
	0.3

	Moderately Heavy Snow 
(4 mm/hr of water); 2-ft Seas
	0.3
	0.2
	0.2

	Dense Fog (100-ft visibility); 0.5-ft Seas
	0.8
	0.8
	0.8


Note: Sweep widths are rounded to nearest 0.1 nautical mile.

Table H-41  Height of Eye vs. Horizon Range 

	Height

feet
	Nautical

miles
	Statute

miles
	Height

feet
	Nautical

miles
	Statute

miles
	Height

feet
	Nautical

miles
	Statute

miles

	1
	1.1
	1.3
	120
	12.5
	14.4
	940
	35.1
	40.4

	2
	1.6
	1.9
	125
	12.8
	14.7
	960
	35.4
	40.8

	3
	2.0
	2.3
	130
	13.0
	15.0
	980
	35.8
	41.2

	4
	2.3
	2.6
	135
	13.3
	15.3
	1,000
	36.2
	41.6

	5
	2.6
	2.9
	140
	13.5
	15.6
	1,100
	37.9
	43.7

	6
	2.8
	3.2
	145
	13.8
	15.9
	1,200
	39.6
	45.6

	7
	3.0
	3.5
	150
	14.0
	16.1
	1,300
	41.2
	47.5

	8
	3.2
	3.7
	160
	14.5
	16.7
	1,400
	42.8
	49.3

	9
	3.4
	4.0
	170
	14.9
	17.2
	1,500
	44.3
	51.0

	10
	3.6
	4.2
	180
	15.3
	17.7
	1,600
	45.8
	52.7

	11
	3.8
	4.4
	190
	15.8
	18.2
	1,700
	47.2
	54.3

	12
	4.0
	4.6
	200
	16.2
	18.6
	1,800
	48.5
	55.9

	13
	4.1
	4.7
	210
	16.6
	19.1
	1,900
	49.9
	57.4

	14
	4.3
	4.9
	220
	17.0
	19.5
	2,000
	51.2
	58.9

	15
	4.4
	5.1
	230
	17.3
	20.2
	2,100
	52.4
	60.4

	16
	4.6
	5.3
	240
	17.7
	20.4
	2,200
	53.7
	61.8

	17
	4.7
	5.4
	250
	18.1
	20.8
	2,300
	54.9
	63.2

	18
	4.9
	5.6
	260
	18.4
	21.2
	2,400
	56.0
	64.5

	19
	5.0
	5.7
	270
	18.8
	21.6
	2,500
	57.2
	65.8

	20
	5.1
	5.9
	280
	19.1
	22.0
	2,600
	58.3
	67.2

	21
	5.2
	6.0
	290
	19.5
	22.4
	2,700
	59.4
	68.4

	22
	5.4
	6.2
	300
	19.8
	22.8
	2,800
	60.5
	69.7

	23
	5.5
	6.3
	310
	20.1
	23.2
	2,900
	61.6
	70.9

	24
	5.6
	6.5
	320
	20.5
	23.6
	3,000
	62.7
	72.1

	25
	5.7
	6.6
	330
	20.8
	23.9
	3,100
	63.7
	73.3

	26
	5.8
	6.7
	340
	21.1
	24.3
	3,200
	64.7
	74.5

	27
	5.9
	6.8
	350
	21.4
	24.6
	3,300
	65.7
	75.7

	28
	6.1
	7.0
	360
	21.7
	25.0
	3,400
	66.7
	76.8

	29
	6.2
	7.1
	370
	22.0
	25.3
	3,500
	67.7
	77.9

	30
	6.3
	7.2
	380
	22.3
	25.7
	3,600
	68.6
	79.0

	31
	6.4
	7.3
	390
	22.6
	26.0
	3,700
	69.6
	80.1

	32
	6.5
	7.5
	400
	22.9
	26.3
	3,800
	70.5
	81.2

	33
	6.6
	7.6
	410
	23.2
	26.7
	3,900
	71.4
	82.2

	34
	6.7
	7.7
	420
	23.4
	27.0
	4,000
	72.4
	83.3

	35
	6.8
	7.8
	430
	23.7
	27.3
	4,100
	73.3
	84.3

	36
	6.9
	7.9
	440
	24.0
	27.6
	4,200
	74.1
	85.4

	37
	7.0
	8.0
	450
	24.3
	27.9
	4,300
	75.0
	86.4

	38
	7.1
	8.1
	460
	24.5
	28.2
	4,400
	75.9
	87.4

	39
	7.1
	8.2
	470
	24.8
	28.6
	4,500
	76.7
	88.3

	40
	7.2
	8.3
	480
	28.1
	28.9
	4,600
	77.6
	89.3

	41
	7.3
	8.4
	490
	25.3
	29.2
	4,700
	78.4
	90.3

	42
	7.4
	8.5
	500
	25.6
	29.4
	4,800
	79.3
	91.2

	43
	7.5
	8.6
	520
	26.1
	30.3
	4,900
	80.1
	92.2

	44
	7.6
	8.7
	540
	26.6
	30.6
	5,000
	80.9
	93.1

	45
	7.7
	8.8
	560
	27.1
	31.2
	6,000
	88.6
	102.0

	46
	7.8
	8.9
	580
	27.6
	31.7
	7,000
	95.7
	110.2

	47
	7.8
	9.0
	600
	28.0
	32.3
	8,000
	102.3
	117.8

	48
	7.9
	9.1
	620
	28.5
	32.8
	9,000
	108.5
	124.9

	49
	8.0
	9.2
	640
	28.9
	33.3
	10,000
	114.4
	131.7

	50
	8.1
	9.3
	660
	29.4
	33.8
	15,000
	140.1
	161.3

	55
	8.5
	9.8
	680
	29.8
	34.3
	20,000
	161.8
	186.3

	60
	8.9
	10.2
	700
	30.3
	34.8
	25,000
	180.9
	208.2

	65
	9.2
	10.6
	720
	30.7
	35.3
	30,000
	198.1
	228.1

	70
	9.6
	11.0
	740
	31.1
	35.8
	35,000
	214.0
	246.4

	75
	9.9
	11.4
	760
	31.5
	36.3
	40,000
	228.8
	263.4

	80
	10.2
	11.8
	780
	31.9
	36.8
	45,000
	242.7
	279.4

	85
	10.5
	12.1
	800
	32.4
	37.3
	50,000
	255.8
	294.5

	90
	10.9
	12.5
	820
	32.8
	37.7
	60,000
	280.2
	322.6

	95
	11.2
	12.8
	840
	33.2
	38.2
	70,000
	302.7
	348.4

	100
	11.4
	13.2
	860
	33.5
	38.6
	80,000
	323.6
	372.5

	105
	11.7
	13.5
	880
	33.9
	39.1
	90,000
	343.2
	395.1

	110
	12.0
	13.8
	900
	34.3
	39.5
	100,000
	361.8
	416.5

	115
	12.3
	14.1
	920
	34.7
	39.9
	200,000
	511.6
	589.0


H.5.6
Coverage Factor (C) 

Coverage Factor (C) is a measure of search thoroughness or how well an area was searched. It is used as an entering argument when calculating POD. In SAR action messages, C should normally be used rather than POD to indicate the coverage required. For patterns of straight equally spaced parallel tracks relative to the search object, the relationship of coverage to sweep width and track spacing is:
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Sweep width and track spacing are measured in the same units (nautical miles or yards), and C is dimensionless. The general relationship among coverage, sweep width (W), search speed (V), search endurance (T) and the amount of area (A) covered is:
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Again, the units of measure must be consistent, such as W in nautical miles, V in knots, T in hours and A in square nautical miles.  This equation may be used to compute coverage regardless of the type of search pattern or lack of one, so long as the searching effort is spread over the area covered in a reasonably uniform fashion.

Higher coverage factors indicate more a more thorough search. Coverage factors of 0.5 and 1.0 are compared in Figure H-24. If coverage cannot be compromised, then additional SRUs should be found, the area decreased, the time increased, or SRU speed increased.
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Figure H-24  Coverage Factors

H.5.7
Measures of Search Effectiveness

POS is used as the measure of search effectiveness, NOT POD.  

H.5.7.1
Probability of Success (POS).  Although POD has been in the search planning vocabulary and used with the manual search planning method for many years, it is a little known fact that POS has always been the true measure of search quality.  POS depends on two factors: (1) the probability that the object is in the area searched (POC) and (2) the probability of detecting that object if it is present (POD).  Probability of Success is the product of the Probability of Containment and the Probability of Detection:  POS = POC x POD.  The “safety factors” given in earlier guidance were really optimal search factors that maximized the POS for the levels of effort required to search the recommended search area with a coverage of 1.0.  Major shortcomings were that POS and the goal of maximizing its value were not explained, methods for computing its value were not provided because no method for estimating POC was provided, and no provision was made to accommodate levels of effort other than those required to cover the recommended search areas at a coverage of 1.0.  This left POD as the only apparent measure of search results, but its limitations in this role were not explained.  


POS estimation requires both POD and POC estimates.  It is the probability that a given search will succeed in locating the search object. Cumulative POS is the probability that the search should have succeeded by now if all the facts and assumptions that went into developing the search plans and evaluating the search results were substantially correct.  Attaining a high POS value without finding the search object is a clear indicator that all of the case data and assumptions need to be carefully reviewed to determine whether an error has been made, whether a plausible scenario was left out, whether some elements of the case data were given more or less credence than they deserved, etc.

H.5.7.2
POD (Probability of Detection) is the statistical measure of search sensor detection performance.  It is a function of sweep width and track spacing.  It is a conditional probability meaning that search planners assume the search object is in the search area.
(a) Probability of Detection is a function of coverage and the total number of searches in an area, and describes the thoroughness of a single search or the cumulative thoroughness of multiple searches of the same area relative to the search object.  In maritime SAR, cumulative POD has relatively little meaning because search object motion has a significant random component due to the unpredictable vagaries of winds and currents.  Cumulative POD is much more useful when looking for stationary objects using search areas that have fixed boundaries-a common situation in land search.

(b) For any search, the optimum search radius determines the size of the optimum search rectangle for the amount of search effort that is available on scene.  This in turn determines the optimum coverage.  There are two optimal search factor curves in the IAMSAR Manual-one for “ideal” search conditions and one for “poor” or more correctly “normal” search conditions. These optimal search factor curves are based on the two POD vs. Coverage curves shown in Figure H-25.  Intermediate values may be used if conditions are between “ideal” and “normal”.  If in doubt, use the “normal” curves.
(1)
Normal conditions include any situation significantly less than ideal.  Anytime the corrected sweep width for a search object is less than the maximum uncorrected sweep width for that object, conditions are less than ideal and a value less than the ideal should be used.  When the corrected sweep width for a search object is less than 90% of the maximum possible value for that object, the poor conditions curve should be used.  Additional discussion on POD curves may be found in the IAMSAR Manual.  


The “Ideal Search Conditions” curve in Figure H-25 is based on the assumptions that search patterns will be executed precisely, sweep width is accurately known and constant throughout the search, and the search object is in the search area. The “Normal Search Conditions” curve in Figure H-26 relaxes the first assumption but still requires that the searching effort be spread approximately uniformly over the area.  The other two assumptions remain intact.
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Figure H-25  Maritime Probability of Detection 
(Average Probabilities of Detection Over an Area for Ideal:  Visual Searches Using Perfect Parallel Sweeps Relative to the Object Under Ideal Conditions Normal:  Any Other Object/Sensor/Conditions With A Known Corrected Sweep Width)

(c) Cumulative POD may be calculated from the following equation:  
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The subscripts 1, 2, …, n indicate that the POD values are for the first, second, …, nth search of the same area relative to the search object.  Although maritime search areas usually do not have fixed boundaries, even relative to the updated datum positions, it is reasonable to assume that the cumulative POD value applies in the near vicinity of the updated datum positions used to plan the searches.


An easier way to estimate cumulative POD is to use the “normal search conditions” POD curve as follows:

· If all POD values were obtained from the “normal search conditions” POD curve, then simply add the coverage factor values used to obtain those PODs and use this “cumulative coverage” like any individual coverage value to obtain the cumulative POD from the “normal search conditions” POD curve.

· If some POD values were obtained from the “ideal search conditions” POD curve, it is necessary to first find the corresponding coverage factors for the “normal search conditions” curve.  This is done by entering the graph in Figure H-26 from the left with the POD value, moving right to the “normal search conditions POD curve then down to the horizontal axis to get the equivalent “normal search conditions” coverage.  Once all coverage values have been referenced to the “normal search conditions” POD curve, they may be added to get an equivalent “cumulative coverage” and used like any other coverage to get the cumulative POD from the “normal search conditions” POD curve.

· If the “cumulative coverage” is greater than 3.0 and therefore off the graph in Figure H-26, the formula for the “normal search conditions” POD curve is
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where e is the base of the natural logarithms.  Most scientific hand-held calculators have an “exponential function” or “EXP” key that computes the value of ex where x is the value entered by the user.  Simply enter the coverage or cumulative coverage as a negative number, press the “EXP” or “ex ” key and subtract the result from 1.0 to get the POD or cumulative POD.

A high Cumulative POD for successive searches of an area without locating the search object may indicate the object was not in or has moved out of the search area, has sunk, or has changed characteristics and requires a reevaluation of search area and coverage (e.g., primary target changes from a fishing vessel to a liferaft).  

(d) For searches involving multiple resources, the total available effort and the optimal search factor, area, coverage factor and track spacing are computed using the procedures given in Chapter 4 and Appendix L of the IAMSAR Manual.  This coverage factor may be used with the appropriate search curve of Figure H-26a to determine POD for the total area searched. If the search is unsuccessful, the search area should be expanded, using the procedures given in Chapter 4 and Appendix L of the IAMSAR Manual.. The POD for that particular search may be determined as before. 

(e) Inland search POD is discussed in the IAMSAR Manual and the National SAR Supplement.

H.5.7.3
POC (Probability of Containment) is described as the probability that the search object(s) are contained in a particular area. POC values for rectangles centered on the datum position(s) may be inferred from the assumed distribution of possible search object positions around the datum(s).
In order to estimate POS for a search it is necessary to have an estimate of the POC for the search area.  Figure H-20 shows a graph of POS vs. Search Factor (fs) for single point and divergent datums.  The search radius R is the product of the search factor and the total probable error of position (R = fs x E).

The optimal search factor curves in the IAMSAR Manual were computed for single point datum (square) search areas but are used for both single and divergent datums for the sake of simplicity and because the loss of POS for divergent datums is generally small when compared to the “true” optimal value.  It may be possible to improve the POS slightly in the case of divergent datums by modifying the search factor somewhat.  A few trials using POC values from the appropriate divergent datums curve above and POD values from the appropriate curve in Figure H-25 should show whether this is worth pursuing.  Such trials would involve the following steps:

(1) Using the search factor found from the IAMSAR Manual optimal search factor curves, obtain the POC from the most appropriate divergent datums curve above, multiply the search factor by E to get the search radius, compute the area of the resulting rectangle, compute the coverage attainable with the available resources, obtain the expected POD from the appropriate curve in Figure H-25 and compute the expected POS (POS = POC x POD).

(2) Choose a modified search factor and find the corresponding POC from the most appropriate divergent datums curve above, multiply the search factor by E to get a new search radius, compute the area of the resulting rectangle, compute the coverage attainable with the (same) available resources, obtain the expected POD from the appropriate curve in Figure H-25 and compute the new expected POS (POS = POC x POD).

(3) Compare the two POS values and choose the search radius that produces the higher POS.

(4) Repeat this process, if desired, until improvements in POS are no longer significant.

Using computer simulation (CASP) we can develop more general and more realistic containment probabilities (POC) mapped to a cellular grid based upon drift and scenario assumptions.  CASP is also able to compute and show the effects of unsuccessful searching on such “probability maps” and use this information to help plan subsequent optimal searches.  No other tool has this capability. 
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Figure H-26  Probability of Containment (POC) 

For Single Point and Divergent Datums

NOTE: 

· POS measures search effectiveness.

· POD measures detection performance.

· POC measures the likelihood of the search object to be in one region versus another.

H.5.7.4
The Value of Using POS.  POS calculates search effectiveness by incorporating POC (e.g., the CASP weighted replication file) with the POD.  POD only measures a sensor's effectiveness; that is, it is used to estimate how well one searched an area, but it does not incorporate the likelihood that the object will actually be in the particular area searched.  POS does.  The following examples will clarify this discussion:

· Searching an area that has no chance of containing the search object (POC = 0) will not be successful no matter how high the POD.  Even if POD was 100% (which is not realistic) the POS is still zero (0 x 1 = 0).

· To give a more realistic example, if there is a 50% chance of the search object being in an area, then searching that area with a coverage factor of 1.0 (POD of 78%) produces a POS of 39% (.5 x .78 = .39).  Even if POD was 100% (again unrealistic), the POS for this search rises to only 50% (.5 x 1 = .5) and no further because there is still a 50% chance that the search object was not in the search area.

POS balances options of looking very carefully in a small area for the object against looking less thoroughly over a larger area for the same object.  As an analogy, think of looking for a misplaced set of keys.  One could meticulously look for the keys in the sofa; moving pillows, pulling apart cushions, and putting one’s hands under the sofa (high POD but low POC).  Or, one could use the same time searching for the keys by scanning the tops of the sofa, mantel, bookcase and the rest of the family room and kitchen, concentrating on the most likely spots (lower POD but high POC).  If it is known that the keys were lost in the sofa, option one would yield a higher POS due to both a high POC and a high POD.  If one were unsure where the keys were last seen or lost, then option two would probably yield a higher POS.

H.5.7.5
Determining POS.  A comparison of the Manual Solution with the CASP Solution will make the “math” involved easier to understand.

(a)
Manual Solution.  The manual solution incorporates POC and POS, however; it has heretofore done so in a way that was hidden from the search planner.  Search planners prior to the advent of CASP and later the IAMSAR Manual did not use POC and POS because there was no practical way to compute them manually. Only by searching the recommended Optimum Search Area generated by the Total Probable Error solution and safety factors at a coverage of 1.0 was one assured of having an optimal plan.  Since the exact recommended area was rarely searched because effort levels were different from those required for exact compliance with these parameters, most searches were somewhat sub-optimal.  POC and POS were not readily computable and were therefore ignored!  This left the unfortunate, and incorrect, impression that POD is THE statistic in terms of measuring search effectiveness. It is not. As previously stated, POS is the measure of overall search quality/effectiveness.  It combines the Probability of Containment (POC) factor and the POD factor (coverage) to give a true measure of the search’s chances for success (POS).

(1)
The manual solution assumes a "circular bivariate normal" search object location probability density distribution about each computed datum position prior to the first search.  (For one datum, it looks similar to a 3-D "bell curve" shape - see Figure H-27.)  The computed "total probable error of position" is radius of the 50% containment contour.  That is, it is assumed there is a 50-50 chance of the object being located inside a circle whose center is at datum and whose radius equals the total probable error of position.  For the first search effort, this radius is multiplied by the optimal search factor for the amount of search effort that is available.

(2)
The search area computed by applying the optimal search factor produces the optimal or near-optimal search square or rectangle.  Again, this is based on a circular bivariate normal distribution of possible search object positions around the datum(s).  The POC for the resulting square or rectangle may be estimated from the curves in Figure H-26.  As shown in Figure H-28, an optimal search factor of 1.1 produces a POC of 64.75%.
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Figure H-27  Manual Solution Probability Density
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Figure H-28  Manual Solution POC is 64.76% for a Square Search Area 

Based on an Optimal Search Factor of 1.1

(b)
CASP Solution. CASP is designed to provide a search plan that optimizes POS. However, caution must be used when using CASP to develop a search plan.  It may optimize POS without due regard to safety by overlapping search areas.  This is equivalent to putting two search units in the same area at the same time.  This not only is often an inefficient use of SRUs, but it may contribute to an accident.  In these cases, the controller must establish separate areas and assign search resources to ensure safety.  SAROPS, in development, will correct the overlapping problem.

(1)
CASP generates a replication file which computes the POC based upon drift assumptions.  CASP produces probability density distributions that do not follow one of the standard distributions from statistics.  Instead, CASP starts out with an “initial” distribution that is usually one of the standard types, but then computes tens of thousands of independent drift trajectories and “maps” the results.  Based upon the probability distribution of replications in a drift-updated CASP file, different cells will have varying probabilities of containing the search object.  In other words, each cell has its own unique likelihood (probability) of containing the object.  An overall POC for a search area is determined by summing the probability of each individual gridded cell the area contains.

[image: image56.emf]
Figure H-29  CASP Probability Density Distribution

(2)
POC is based upon the distribution of replications contained in the search area according to the CASP scenario.  POS accounts for both POC and POD.  That is why it is a better measure of search effectiveness than POD alone.  The following example demonstrates the value of POS verses POD.

Example of POD vs. POS

	
	Area
	POC
	x
	POD
	=
	POS

	1
	2571 SqNM
	85%
	x
	40%
	=
	34%

	2
	1964 SqNM
	70%
	x
	51%
	=
	36%

	3
	1080 SqNM
	35%
	x
	78%
	=
	27%


(3)
In this example, area 1 has an 85% chance of containing the object.  If it can be searched with the available effort to attain a POD of 40%, it would yield a Probability of Success of 34%.  Contrast this result with area 3, which if searched with the same effort produces a higher POD (78%) but has a much lower POC (35%) and yields a Probability of Success of only 27%.  However, CASP demonstrates in this case that it is better to go with the third alternative and use the available effort to search a moderate area with a moderate POD, than to search a smaller area with a higher POD or a larger area with a lower POD.  Exactly how much area should be searched and which area(s) should be searched at which coverage level(s) in order to maximize the POS in any given case will depend on the nature of the probability distribution and the amount of search effort available.  Although it is necessary to be aware of the POD, POS is the better measure of search effectiveness.

(c)
The following examples illustrate the usefulness of CASP and how POS information from the CASP output can guide search-planning decisions when developing a search area.  If CASP is used as a search-planning tool, then the highest POS should guide the effort, not POD or POC.

(1)
A look at a series of abbreviated CASP maps offers a comparison of search effectiveness for equal amounts of effort to search.  A simple working definition of effort is Sweep Width times SRU trackline miles.  In the example, the effort number represents the cumulative amount of area (in square miles) contained within the cell and all cells above it in the list, multiplied by the coverage factor.  Coverage is a function of sweep width and track space; C = W/S.  The smaller the track spacing, the higher the coverage factor and hence the greater the amount of effort needed to cover the same area.  The sample CASP output table is provided for use with 3 examples that follow.

Sample CASP Outputs:

	Cells In Order of Probability Density
	Coverage 1.0 Cumulative
	Coverage 1.5 Cumulative

	NR
	PROB
	SE Corner
	Effort (SqNM)
	POS
	Effort (SqNM)
	POS

	1
	17.67
	41-00 N
	68-00W
	301.1
	13.7
	451.7
	16.5

	2
	10.83
	41-00N
	68-20W
	602.2
	22.1
	903.3
	26.7

	3
	9.59
	41-20N
	68-00W
	901.8
	29.7
	1352.7
	35.6

	4
	8.60
	41-20N
	67-40W
	1201.4
	36.3
	1802.1
	43.9

	5
	8.09
	41-20N
	68-20W
	1501.0
	42.6
	2251.4
	51.2

	6
	6.25
	41-00N
	67-40W
	1802.1
	47.6
	2703.1
	57.4

	7
	4.19
	41-00N
	68-40W
	2103.2
	50.7
	3154.8
	60.9

	8
	2.43
	41-20N
	68-40W
	2402.8
	52.6
	3604.2
	63.2

	9
	2.17
	41-20N
	67-20W
	2702.4
	54.5
	4053.5
	65.2


Example 1:  Compare Efforts of Approximately 900 SqNM

	Coverage Factor of 1.0 (POD of 78%)
	Coverage Factor of 1.5 (POD of 94%)

	Top 3 cells 901.85 SqNM

POC top 3 cells = 38.09

POS = POC x POD

= 38.09 x .78

= 29.7
	Top 2 cells 903.3 SqNM

POC top 2 cells = 28.5

POS = POC x POD

= 28.5 x .94

= 26.7
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In this case, it would be better to search the area contained by the top three cells, POS of 29.7, with a lower POD (.78) than to search the area in the top two cells, POS of 26.7, with the higher POD (.94).

Example 2:  Compare Efforts of Approximately 1800 SqNM

	Coverage Factor of 1.0 (POD of 78%)
	Coverage Factor of 1.5 (POD of 94%)

	Top 6 cells 1802.1 SqNM

POC top 6 cells = 61.03

POS = POC x POD

= 61.03 x .78

= 47.6
	Top 4 cells 1802.1 SqNM

POC top 4 cells = 46.69

POS =  POC x POD

= 46.69 x .94

= 43.9
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In this case, it would be better to search the area contained by the top six cells, POS of 47.6, with a lower POD (.78) than to search the area in the top four cells, POS of 43.9, with the higher POD (.94).

Example 3:  Compare Efforts of Approximately 2700 SqNM.

	Coverage Factor of 1.0 (POD of 78%)
	Coverage Factor of 1.5 (POD of 94%)

	Top 9 cells 2702.4 SqNM

POC top 9 cells = 69.82

POS = POC x POD

= 69.82 x .78

= 54.5
	Top 6 cells 2703.1 SqNM

POC top 6 cells = 61.03

POS =  POC x POD

= 61.03 x .94

= 57.4
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In this case, it would be better to search the area contained by the top six cells, POS of 57.4, with a higher POD (.94) than to search the area in the top nine cells, POS of 54.5, with the lower POD (.78).  This happens because the probability of finding the search object in cells 7,8 and 9 has decreased to the point where it is more productive to search the smaller area, cells 1-6, with a higher POD (closer track spacing).

Section H.6

Search Area and SRU Assignment

The SMC determines what constraints the search variables place on the optimal search area so the area that can actually be covered may be calculated. This obtainable search area may be subdivided into smaller regions for SRU assignment. If a search is unsuccessful, the SMC should reevaluate all information, modify the search plan, and search again, unless it is determined further effort is unlikely to be successful and search efforts should be suspended.

H.6.1
Allocating Effort

Varying the rate of search effort can control the assignment of SRUs to achieve maximum search effectiveness.  Some situations call for an initial maximum search effort over wide areas. However, a maximum search effort cannot be mounted every time an overdue is first reported, nor can the SMC continue with a lesser effort when preliminary searches fail. The SMC carefully weighs the limitations of time, terrain, weather, navigational aids, search target detectability, suitability of available SRUs, search area size, distance between search area and SRU staging bases, and desired POD. Of all the factors involved, one or more may prove so important that the others become secondary. These controlling factors are considered first in preparing an attainable search plan.

H.6.1.1
When a distress is either known or strongly suspected, the time available for effective search will usually be limited, and a maximum effort search should be completed within this time. It is usually preferable to search an area with many SRUs from the onset when chances for success are highest. First search should be planned to locate survivors rapidly while they are still in a condition to use radio, visual, or other signaling aids, and battery transmission life of locator beacons is good. The following procedure is recommended:

(a) Plot a region large enough to reasonably ensure that the survivors are included (POC > 80%) as a first approximation to the optimal search area.

(b) Use the area of the region as the total available effort, Zta (this amount of effort is sufficient to produce C = 1.0 for the first approximation).

(c) Using the IAMSAR Manual method for effort allocation, find the optimal search area for this level of effort.  The resulting POS should be at least 62% for ideal search conditions and at least 50% for normal search conditions since those are the values obtained for coverage factor 1.0 and 80% POC.

(d) Fix the time by which the search should be completed.

(e) Calculate SRU hours required to search the area within the allocated time.

(f) Dispatch sufficient SRUs to search the area within the allocated time.  If insufficient SRUs are available, re-compute the optimal search area and coverage based on the amount of effort that is available.

(g) If unsuccessful, obtain additional resources and optimally allocate the additional search effort they can provide.  Review all available data to determine whether the datum position(s) should be revised.

(h) Do not reorient the search or change SRU search assignments, if avoidable, after the search plan has been transmitted to the SRUs. Once a large-scale search is ordered and SRUs dispatched, reorientation of the search area for that search may be difficult and wasteful. Planning should be thorough and adhered to.

(i) Resist the temptation to redeploy SRUs whenever new leads or doubtful sightings are reported. After assigned SRUs have been dispatched, additional SRUs should be dispatched to investigate new leads.

H.6.1.2
Overdues can produce very large initial estimates of the region(s) and time(s) where and when the distress incident may have occurred.  An aggressive investigative effort should be undertaken to reduce the uncertainty about the time and place of possible distress incidents as much as possible.  This is usually done by finding the last sighting or other indicator of when and where the missing craft was last known to be safe.

H.6.1.3
If a large-scale search is necessary, CASP is the search-planning tool of choice.  After computing a drift update for the desired mid-search time, obtain an optimal search plan from CASP for the amount of effort that will be available on scene.  Inspect the plan for operational feasibility and safety considerations, adjust as needed, and promulgate the plan to the SRUs.  If CASP is not available, the IAMSAR Manual method or JAWS may be used.

H.6.2
Partitioning the Search Area
The computed search area is divided into subareas to be searched by SRUs, the number of subareas depending on the number of SRUs available.  The size and orientation of the subareas depend on the capabilities of the SRUs and on environmental factors, such as the drift, sun or swell direction.  Elongated search areas are better for navigation than small squares.  Search legs, especially for elongated search areas, should be oriented in the same direction as the expected search object drift during the search to minimize the adverse effects of search pattern distortion relative to the drifting object.

H.6.2.1
Establishing Individual Search Area Sizes.  This is done by means of:

An = V x S x T.  To determine subarea dimensions:

(a) The estimated search subarea length (l') will be the smaller of:

(1) 
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(2) The distance that could be covered in 30 minutes for fixed-wing aircraft; or

(3) The distance that could be covered in 20 minutes for helicopters.

(b) The estimated width is 
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(c) The number of required track spacings is 
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This figure is rounded to the nearest even or odd whole number, n. If n is an even number the SRU completes its search pattern on the same side of the search area as it started, but if n is odd the SRU finishes on the opposite side. This factor should be considered if SRU endurance requires that the end search point be as near as possible to a refueling base.

(d) The subarea width is then w = n x S, and the length is 
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H.6.2.2
Search Area Designation (naming).  Search areas shall be designated using a letter (A, B, C…) sequentially for the overall search area.  A new letter shall be assigned each time the search planner establishes a datum or drifts a datum.  In the course of a search if a new independent datum is established due to new information or other circumstances, that datum shall continue with the next search letter designation for that case.  Sub-areas to be searched by specific search units (or combination of units) shall be numbered sequentially and associated with the overall search area by preceding the number with the letter designation of the overall search (A-1, A-2, etc.).

H.6.2.3
Describing Search Areas.  SRUs must be able to plot the search area on the basis of information received from the SMC.  Several standard methods are used to describe search areas:

(a) Boundary Method. Any square or rectangular area oriented east/west or north/south can be described by stating the two latitudes and two longitudes. Any inland search area that is bounded by prominent geographical features can be described by stating the boundaries in sequence. For example:

(1) D-7 Boundaries 26N to 27N, 64W to 65W.

(2) A-1 Boundaries Highway 15 to the south, Lake Merhaven to the west, Runslip River to the north, and Bravado mountain range to the east.

(3) Landmark Boundaries Method.  Two or more landmarks are given as boundaries of the search area along a shoreline.  For example: Search area from "Port Alpha" South Jetty, south to the Tower to 10 NM offshore (Figure H-30).

(b) Corner Point Method. This can be used for any area (except circular areas) that can be described by stating the latitude and longitude, or geographical features, of each corner, in sequence. For example:

(1) E-7 corners 23 15N 74 35W to 23 10N 73 25W to 22 20N 73 25W to 22 25N 74 25W to origin.

(2) A-6 corners Stony Tavern to Red River Bridge to Gunder Cave to origin.
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Figure H-30  Landmark Boundaries Method
(c) Center Point Method. Convenient for describing all but irregular search areas and quickly transmitted, this method gives latitude and longitude of the center point and the search radius, if circular, or the direction of the major axis and applicable dimensions, if rectangular. For example:

(1) 23 15N 74 35W, 12NM.

(2) 23 15N 74 35W, 060° true, 144 X 24 NM.

(3) Center Point-Landmark. The center point, or datum, may be designated by a bearing and distance from a geographic landmark.  For example: Datum bears 060°M, 10 NM from "Port Alpha" South Jetty light, major axis 000°M, 6 NM by 6 NM (Figure H-31).

[image: image65.wmf]
Figure H-31  Center Point-Landmark
The Boundary Method or Corner Point Method is preferred over the Center Point Method because the latter requires more plotting and makes detection of plotting errors more difficult.  Also, if plotted on a chart of different projections from the SMC's (e.g., Lambert Conformal vs. Mercator), it results in plots of adjoining areas, which do not have the same boundaries or corner points.

(d) Track Line Method. Search areas may be described in this method by stating the track and the width of coverage. For example:

C-2 trackline 24 06N 78 55W to 24 50N 75 46W.  Width 50 NM.

(e) Grid Method. Many areas are divided into grids on local grid maps. Use of these grids permits accurate positioning and small area referencing without transmitting lengthy geographical coordinates. However, all SRUs must have the same grid charts; SRUs could be endangered if there search areas overlap due to use of different grid systems. The grid method is most often used in inland SAR operations. See Chapter 5 and Appendix E of reference (a) concerning CAP grids.

(f) Georef Method. This method may be used to describe square or rectangular areas oriented N-S or E-W that coincide with Georef grids. The Georef method is not normally used. All SRUs involved in a Georef search should possess Georef grids to avoid endangering each other.

H.6.2.4
Orienting Search Areas. Search patterns should be oriented to maximize target exposure to SRUs. This is especially important in any combination of high sea state, low target freeboard, and low searcher height. Under these circumstances, search leg headings perpendicu​lar to the seas or swells, whichever is dominant, prolong the time that objects are visible on the beam as the SRU passes. This search leg orientation is also best for minimizing roll motion of surface SRUs. This technique is illustrated in Figure H-32.  However, search pattern distortion relative to the drifting search object is often the most important factor.  Whenever the search object’s expected drift rate (in knots) during the search exceeds 10% of the SRU’s creep rate (net rate of motion perpendicular to the search legs-creep rate = track spacing/time from mid-point of one search leg to the mid-point of the next), search legs shall be oriented parallel to the direction of expected drift during the search whenever it is operational feasible to do so.
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Figure H-32  Search Leg Orientation

H.6.3
Assigning SRUs to Search Areas

(a) After dividing overall search area into subareas, the SMC usually assigns an SRU to each subarea, designates search pattern execution and direction of pattern creep, and assigns search altitudes for aircraft. SRU safety is a most important consideration when search areas are being assigned.

(b) Occasionally, the SMC requires the OSC to make various search decisions, such as search pattern selection, track spacing, and individual SRU search area assignments. The SMC normally prescribes the overall search area and decides on subareas for SRUs.

(c) When allocating subareas, each SRU should be used only for searches for which it is operationally suitable. For example, if only aircraft are available, the following considerations are relevant:

(1) Short-range or medium-range aircraft should be used for areas close to a base.

(2) Fast, long-range aircraft should be used for more distant areas.

(3) Aircraft with poor navigation capability should be used in areas with prominent landmarks, or for searches requiring constant visual reference, as in shoreline searches.

(4) During good weather, search areas in coastal waters may be laid out so aircraft can fly search legs perpendicular to the coastline. This allows aircraft without modern navigation equipment to obtain a fix at the land end of each leg. However, terrain clearance must be considered.

H.6.3.1
Commence Search Point Guidance.  All factors, including environmental conditions and available resources, should be carefully considered when determining where to place the commence search point (CSP) for particular search areas. 

H.6.3.2
Other factors to consider include:

(a) The resource’s (includes aircraft, small boat and other available assets)) proximity to the search area.  The decision may be made to place the CSP at the point closest to the SRU’s departure point in order to facilitate the start of searching as quickly as possible.

(b) The decision may be made to place the CSP at a point farthest away from the departure point, so as to have the SRU finish its search as close to its recovery point as possible.  This addresses other considerations, such as: having the SRU pass through datum prior to searching; inserting a DMB at datum prior to searching and having the SRU finish its search as close as possible to a logistics base which would make them available for the next search or another mission.

(c) For missions with multiple air SRUs, all CSPs should be coordinated so that they are positioned at the same geographic corner for each individual search area (e.g. search areas A1-A5 will all have a CSP in the southeast corner).  It is paramount to risk assessment and safety of flight issues that strict adherence to this rule is followed.  The only caveat to the rule of adjacent CSPs would be if the SRUs for adjoining search areas were to commence their searches at significantly different times.  It may be appropriate to consider separation for surface assets in situations where visibility is reduced (fog, night, and heavy precipitation).

Other considerations include orienting the search areas, patterns and particularly the CSP to account for environmental factors such as looking into or away from the sun while searching, or searching into or down swell vice in the trough.  The type of search pattern, as well as the search object’s drift (direction and speed) must also be considered when determining where to place the CSP.  

There are many factors to consider prior to making a final decision about where to place the CSP. Each SMC must maintain communications with on scene units or the OSC to determine if the planned CSPs are in their proper places or if positions need to be modified.

(d) The SMC normally specifies the commence search point (CSP) which, along with pattern creep and search altitude, is used to maintain lateral and vertical separation. While SRUs should help themselves by using IFF/SIF interrogators, radar, air-to-air TACAN, and visual lookouts, the SMC and OSC also plan for safe separation between SRUs. An example of a separation plan (see Figure H-33) follows:

(1) The SMC first assigns all search patterns to creep north. This will help ensure that the aircraft in areas A-1 and A-2 maintain lateral separation of one search area width from the aircraft in areas A-3 and A-4 (assuming they begin their search at about the same time).

(2) Second, the SMC assigns the CSP as the south​west corner. This helps maintain separation between the two aircraft in A-1 and A-2, and between the two aircraft in A-3 and A-4, by a distance equal to the individual search area length (assuming A-1 and A-2 start search at about the same time, A-3 and A-4 start search at about the same time, and SRUs operate at the same speed).

(3) Third, the SMC assigns search altitudes of 500 feet for A-1 and A-4, and 1,000 feet for A-2 and A-3. This provides positive vertical separation between each aircraft and adjacent aircraft.

(4) Air-to-air TACAN channels are assigned to search areas for use by the SRUs. TACAN channel pairing must be 63 channels apart for air-to-air ranging operations. If SRU equipment allows the use of TACAN Y instead of TACAN X channels, interference with shore stations is reduced. The aircraft in A-1 and A-2 and in A-3 and A-4 would be concerned with approaching each other, even with an altitude separation of 500 feet. Therefore, the SMC could pair SRUs in A-1 and A-2 on TACAN channels 20 and 83, and A-3 and A-4 aircraft on channels 30 and 93. If the paired aircraft approach a common boundary simulta​neously, they can monitor distance separation.

(5) Unless there is a large difference in the commence search times of the two diagonally opposite aircraft, the SMC assumes that adequate lateral and vertical separation will be maintained as long as each aircraft properly executes the assigned search pattern. No SRU should approach another SRU at a distance of less than one-track space. The SRU flies the legs nearest the search pattern perimeter at one-half track spacing inside its search area boundary.

(e) Outside the search area, lateral and vertical separation of aircraft is provided either by air traffic control (ATC) agencies under instrument flying rules, or by the aircraft themselves under visual flying rules. Since control of air traffic by ATC in the search area is usually not feasible because of low search altitudes, overall responsibility for maintaining safe separation within the search area rests with the OSC.
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Figure H-33  Typical Assignments for SRUs

Section H.7

Search Pattern Selection
To ensure that the search area is uniformly searched, use of standard search patterns allows the SMC to calculate probable search effectiveness.  This information is valuable for assigning SRUs, and for planning future searches.  Any search unit can use the search patterns listed in this Appendix.  The complexity of some may preclude their use by SRUs with limited navigational capability. 

H.7.1
Factors in Selection
Search pattern selection depends on many factors, including accuracy of datum, search area size, number and capabilities of SRUs, environmental conditions, size of search target, and type of survivor detection aids. While the factors are interrelated, some may be more important than others. The SMC should satisfy the more important factors while meeting others as nearly as possible.

H.7.1.1
The type and number of available SRUs are controlling factors in selection of search patterns. SRU turning diameters, speeds, detection capability, and navigational accuracy have a significant impact on the uniformity of search area coverage and on POD. POD curves are valid only when SRUs follow search pattern tracks accurately.

(a)
Surface Craft. Navigation accuracy of surface SRUs is generally not a significant problem as long as global positioning systems GPS & DGPS, LORAN C, inertial, SATNAV, or radar navigation aids are available. DR navigation can cause significant errors in search pattern execution, even in coastal areas with visual references. Sea states of three feet or more can also adversely affect the ability of small surface SRUs to execute search patterns accurately.

(b)
Aircraft. High-speed aircraft are more likely to accumulate turn errors, especially with narrow track spacing, because of their larger turn diameters. Low-speed aircraft are more sensitive to wind because the crosswind component will be a higher percentage of search speed. The following should be considered when planning aircraft searches:

(1) Aircraft navigation accuracy has improved due to increased use of, and improvements in, navigation computers, area navigation (RNAV), global positioning systems GPS &DGPS, INS, and LORAN C. More sophisticated systems can be coupled to an autopilot, enabling execution of accurate search patterns. 

(2) When accurate navigation systems are not available, the type of pattern that requires minimum turns and maximum search leg length is usually selected to reduce turning errors and to ease navigation. For high-speed aircraft, patterns and search area assignments that allow turns outside the search area should be considered to allow aircraft to establish themselves on each leg, improving uniformity of area coverage.

H.7.1.2
Once large-scale search efforts are under way, redeployment of SRUs or changing of assigned search patterns becomes difficult. Careful consideration should be given to selecting patterns and designating SRUs. Unique patterns based on search circumstances may be developed.

H.7.2
Search Pattern Nomenclature
H.7.2.1
Commence Search Point (CSP) is the location in the search pattern where the SRU begins searching. Specifying the CSP allows the SRU to efficiently plan the en route track, and ensures that SRUS are separated and that the SRU begins search at the desired point and time.

H.7.2.2
Search Leg is the long leg along the track of any pattern.

H.7.2.3
Crossleg is the connection between two search legs.

H.7.2.4
Creep is the general direction in which an SRU moves through a rectangular or square area, normally the same direction as the crosslegs.

H.7.3
Search Pattern Designation
A coded system of letters is used to designate search patterns. The first letter designates the major pattern characteristic. The second letter denotes SRU number ("S" is a single-unit search; "M" is a multiunit search). The third letter designates specialized SRU patterns or instructions.

H.7.3.1
Trackline Patterns (T) are used when the intended route of the search object is known. A route search is usually the first search action since it is assumed that the target is near track, and that either it will be easily seen or the survivors will signal. The trackline pattern is a rapid and reasonably thorough coverage of the missing craft's proposed track and area immediately adjacent, such as along a datum line.

(a)
Trackline Single-Unit Non-Return (TSN) search is made along the track or datum line. The letter "N" in the third position indicates that the pattern makes one or more searches along the track, but the search terminates at the opposite end of track from where it began. See Figure H-34.

[image: image68.wmf]CSP

A

B

C

TRACK LINE

S

S


Figure H-34  Trackline Single-Unit Non-Return (TSN)

(b)
Trackline Single-Unit Return (TSR) has the CSP offset ½-search track spacing from the trackline or datum. The SRU runs up one side and down the other, ending one-track space from where it began. See Figure H-35.
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Figure H-35  Trackline Single-Unit Return (TSR)

(c)
Trackline Multi-Unit Return (TMR). Two or more SRUs are used in an abeam formation to afford greater width coverage along track. See Figure H-36.
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Figure H-36 Trackline Multi-Unit Return (TMR)
(d)
Trackline Multi-Unit Non-Return (TMN).  This pattern is the same as TMR except search terminates at the opposite end of track from where it began.  See Figure H-37.

[image: image71.wmf]CSP1

A

B

C

1/2 S

1/2 S

S

S

S

S

CSP2

TRACK LINE


Figure H-37  Trackline Multi-Unit Non-Return (TMN)
H.7.3.2
Parallel Patterns (P) are best adapted to rectangular or square areas and have straight search legs that are usually aligned parallel to the major axis. Parallel patterns are normally used for large, fairly level search areas, where only approximate initial position is known, and when uniform cover-age is desired. Special parallel circle patterns are normally used for small underwater areas and have legs of adjacent concentric circles.

(a) Parallel Track Single-Unit (PS) is used by single SRUs for searching rectangular areas and is mostly used by fixed-wing aircraft. Search legs are oriented along the major axis, providing longer legs and fewer turns. See Figure H-38.
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Figure H-38  Parallel Track Single-Unit (PS)

(b) Parallel Track Multi-Unit (PM) provides accurate track spacing and fast area coverage, and an increased safety factor for aircraft over water. One SRU is designated as guide and handles naviga​tion, communications, and control. Turns at the end of legs should be executed by signal from the guide. Crosslegs are a distance equal to the track spacing multiplied by the number of SRUs in the team (n). See Figure H-39. Land SRUs use procedures are in reference (a).
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Figure H-39  Parallel Track Multi-Unit (PM)
(c) Parallel Track Multi-Unit Return (PMR) is used when simultaneous sweep of an area to maximum radius is desired. It provides concentrated coverage of large areas in a minimum time period, and allows the use of aircraft with different speeds in a parallel search pattern. See Figure H-40.
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Figure H-40  Parallel Track Multi-Unit Return (PMR)
(d) Parallel Track Multi-Unit Non-Return (PMN) is similar to the PMR, except that SRUs continue to a destination other than the departure point. It is normally used when en route vessels are available and will alter their tracks to provide uniform coverage of the search area. See Figure H-41.
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Figure H-41  Parallel Track Multi-Unit Non-Return (PMN)
(e) Parallel Track Single-Unit LORAN (PSL) is one of the most accurate search patterns for searching areas covered by LORAN, GPS, or similar navigational systems. The pattern must be oriented so legs flown by the SRU are parallel to a system of LORAN lines, or GPS point to point, and so on. LORAN lines are selected at the track spacing desired. As each leg is flown, the selected line reading is preset on the receiver indicator. The letter "L" in the third position is used to indicate. See Figure H-42.
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Figure H-42  Parallel Track Single-Unit LORAN (PSL)
(f) Parallel Multi-Unit Circle (PMC) is used by two or more swimmers for underwater search of small areas, generally less than 25 yards in diameter. A line or rope is knotted along its length at distances equal to the track spacing. The line is anchored in the center of the area and swimmers use the knots to maintain uniform spacing, beginning with the innermost knots for one set of circles, then shifting outward to the next set of knots. See Figure H-43.
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Figure H-43  Parallel Multi-Unit Circle (PMC)
(g) Parallel Single-Unit Spiral (PSS) is used by a single underwater swimmer for search of small areas, generally less than 25 yards in diameter. The swimmer uses a line coiled on a fixed drum in the center of the area, and swims in ever-increasing spirals, using the line to maintain proper track spacing by keeping it taut. See Figure H-44.
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Figure H-44  Parallel Single-Unit Spiral (PSS)

H.7.3.3
Creeping Line Patterns (C) are a specialized type of parallel pattern where the direction of creep is along the major axis, unlike the usual parallel (P) pattern. They are used to cover one end of an area first, or to change direction of the search legs where sun glare or swell direction makes this necessary.

(a) Creeping Line Single-Unit (CS). The CSP is located 1/2 track spacing inside the corner of the search area. See Figure H-45.
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Figure H-45  Creeping Line Single-Unit (CS)

(b) Creeping Line Single-Unit Coordinated (CSC) is used when aircraft and either vessels or boats are available. The aircraft track is planned so that advance of successive legs of the search pattern equals that of the marine craft, and the aircraft passes over the vessel on each leg. This results in a more accurate search pattern, and enables quick rescue by marine craft once survivors are located. If the vessel is radar equipped, it should assist the aircraft in keeping on course and advise the aircraft when it is 5 miles from the end of each leg and at the time to turn onto a cross leg. Advisories of distance off course are based on an average of several fixes. Whenever the aircraft is within range, visual bearings should be taken and plotted with radar ranges. Coordinated patterns should be started before entering the search area so that full coverage of the area will be assured. See Figure H-46. See reference (a) for procedures for coordinated patterns.
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Figure H-46  Creeping Line Single-Unit Coordinated (CSC)
H.7.3.4
Square Patterns (S) are used to search a small area when some doubt exists about the distress position. They provide more uniform coverage than a sector search and may be expanded. Square searches are referred to as expanding square searches beginning at datum and expanding outward. If datum is a line instead of a point, the pattern may be changed to an expanding rectangle. The first leg is usually directly into the wind or current to minimize navigation errors. A precise pattern, it requires the full attention of the navigator. If two aircraft (the maximum that should be used) are assigned to the same area, they must fly their individual patterns at different altitudes on tracks, which differ by 45°. See Figure H-47.

(a)
Square Single Unit -- Sierra Sierra (SS). 
(1)
Use this pattern when confident the datum is within close limits.  The first leg is normally in the direction of the search object's drift.  All course changes are 90 degrees to the right.

(2)
The pattern shown in Figure H-47 has 1-NM track spacing. The length of each leg is indicated.  For different track spacing, multiply the distances shown in the pattern by the desired track spacing to find the length of each search leg.
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Figure H-47  Square Pattern Single-Unit (SS)
To determine the time required to transit each leg, use Table H-42, Square Pattern Computations.  Enter the Table with the track spacing and SRU speed.  Multiply the number from the Table by the length of the search leg shown in Figure H-47 to get the time required to complete that leg at the given search speed.

Example:  Track spacing = 3 NM, speed = 10 kts: 

· Find the length of the second southerly leg.  Solution:  Multiply the length of the second southerly leg of Figure H-51 (4) by the 3 NM track spacing to get 12 NM.

· Find the time required to complete this search leg.  Example:  Enter Table H-42 with a track spacing of 3 NM and a search speed of 10 knots and read the value "18:00" (18 minutes and zero seconds).  Multiply this value by 4 (leg factor in Figure H-47).  The result is 72 minutes to complete the leg.

Table H-42  Square Pattern Search Computations

	Track Spacing
	Speed (kts)

	
	3
	5
	8
	10
	15
	20
	60
	80
	90

	0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

6.0

7.0

8.0
	10:00

20:00

35:00

40:00

50:00

60:00
	6:00

12:00

18:00

24:00

30:00

36:00

42:00

48:00

54:00

60:00
	3:45

7:30

11:15

15:00

18:45

22:30

26:15

30:00

33:45

37:30

45:00

52:30

60:00
	3:00

6:00

9:00

12:00

15:00

18:00

21:00

24:00

27:00

30:00

36:00

42:00

48:00
	2:00

4:00

6:00

8:00

10:00

12:00

14:00

16:00

18:00

20:00

24:00

28:00

32:00
	1:30

3:00

4:30

6:00

7:30

9:00

10:30

12:00

13:30

15:00

18:00

21:00

24:00
	0:30

1:00

1:30

2:00

2:30

3:00

3:30

4:00

4:30

5:00

6:00

7:00

8:00
	0.225

0:45

1:075

1:30

1:555

2:18

2:405

3:03

3:255

3:48

4:33

5:18

6:03
	0:20

0:40

1:00

1:20

1:40

2:00

2:20

2:40

3:00

3:20

4:00

4:40

5:20

	Note:  All times in minutes and seconds

Note:  Interpolation may be used in this table


H.7.3.5
Sector Patterns (V) These patterns may be used when datum is established within close limits, a very high coverage is desired in the immediate vicinity of datum, and the area to be searched is not extensive.  The patterns resemble the spokes of a wheel and cover circular search areas.  Datum is located at the center of the wheel and should be marked with a suitable floating marker.  By marking datum, the SRU has a navigation check each time the SRU passes through the center of the search area.  While there are many types of sector search patterns, a six-sector pattern is usually used.  It consists of three equilateral triangles with one corner of each triangle at datum.  See Figures H-48 and H-49.  The search radius is also the length of the crossleg.  The track spacing ranges from zero at datum to a maximum equal to the search radius at the end of each search leg.  This search pattern can be used in both single and multi- unit searches.  An average POD for sector patterns can be determined by using the mid-leg track spacing.  Sector searches have high Probability of Success (POS) near datum assuming the object is in the search area. Generally, aircraft sector search areas do not have a radius greater than 20 to 30 miles, while marine craft use a maximum radius of 5 miles. Because only a small area is covered, datum should be recomputed on every search to allow for drift. If the search is oriented over a marker, adjustment for total water current (TWC) will occur automatically, and only leeway must be considered. For standardization, all turns should be made to the right. 

(a) In Sector Single-Unit (VS) searches, four-sector and six-sector patterns are most commonly used. See Figure H-48.

(1)
The six-sector pattern is easiest since it divides the circle into three equal triangles with one corner of each triangle at datum. All search legs, crosslegs, and the maximum track spacing are equal to the radius of the circle.

(2)
The four-sector pattern has 90° between successive radii, and only two search legs (diameters) and one crossleg (equal to 1.4 times search radius) are required to complete the pattern.  To obtain complete area coverage, the pattern is rotated 45° after completion of the first pattern, and then run again.

(b) Sector Single-Unit Radar (VSR) is used when a radar-equipped marine craft takes station at the center of the pattern and provides radar navigation assistance to one aircraft completing a sector search pattern.

(c)
Sector Search Patterns  

(1)
Sector Search Pattern:  Single Unit -- Victor Sierra (VS), Figure H-48.  When practical, the first leg of the search is normally in the direction of search object drift.  All turns in this pattern are 120° to the right.  All legs of the search pattern are equal to the chosen radius.  Upon completion of the pattern, a second pattern is started with the heading of the new first leg 30° to the right of the final course of the first pattern.
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Figure H-48  Sector Pattern Single-Unit (VS)
(2)
Sector Search Pattern: Two-Units -- Victor Mike (VM).  The VM pattern is used when two SRUs are available, Figure H-49.  As the first SRU begins a Victor Sierra search, the second begins its pattern at datum in a direction 90° to the left of the first leg of the first SRU.  If the SRUs arrive at datum to begin the search at the same time, the second starts at a lower speed than the first.  When the first SRU is about one leg ahead of the second, the second accelerates to search speed.  The slow start of the second SRU prevents the SRUs from arriving at datum at the same time.  When both have completed one VM pattern, the coverage is the same as if a single SRU had completed two VS patterns.
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Figure H-49  Sector Pattern Two-Unit (VM)
(3)
The sector search pattern becomes too complicated for more than two SRUs.  When more than two SRUs are available, consider using a multi-unit parallel track (PM) search pattern, or dividing the search area into smaller areas and conducting single unit searches.  Sector search distance and time calculations are as follows:

· To determine the distance traveled by each SRU completing a sector search, multiply the radius (R) by nine. (Trackline = 9 x R NM)

· To determine the Total Time (T) for a search, multiply the time (t) for one leg from Table H-43 by nine.  (T = 9 x t)

· To determine Total Area (A) covered in a search, square the radius (multiply the radius (R) by itself), and then multiply the resultant by pi (3.14). 

(A = R x R x 3.14)

Table H-43  Sector Pattern Search Computations

	Radius
	Speed (kts)

	
	3
	5
	8
	10
	15
	20
	60
	80
	90

	0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

6.0

7.0

8.0
	10:00

20:00

30:00

40:00

50:00

60:00


	6:00

12:00

18:00

24:00

30:00

36:00

42:00

48:00

54:00

60:00
	3:45

7:30

11:15

15:00

18:45

22:30

26:15

30:00

33:45

37:30

45:00

52:30

60:00
	3:00

6:00

9:00

12:00

15:00

18:00

21:00

24:00

27:00

30:00

36:00

42:00

48:00
	2:00

4:00

6:00

8:00

10:00

12:00

14:00

16:00

18:00

20:00

24:00

28:00

32:00
	1:30

3:00

4:30

6:00

7:30

9:00

10:30

12:00

13:30

15:00

18:00

21:00

24:00
	0:30

1:00

1:30

2:00

2:30

3:00

3:30

4:00

4:30

5:00

6:00

7:00

8:00
	0.225

0:45

1:075

1:30

1:555

2:18

2:405

3:03

3:255

3:48

4:33

5:18

6:03
	0:20

0:40

1:00

1:20

1:40

2:00

2:20

2:40

3:00

3:20

4:00

4:40

5:20

	Note:  Time to complete one leg (t) in minutes and seconds

Note:  Interpolation may be used with this table


H.7.3.6
Contour Patterns (O) are used for search in mountainous and hilly terrain. They are adaptable to underwater SRUs for searching peaks on the ocean floor. Contour searches are covered in references (a) and (b).

H.7.3.7
Flare Patterns (F) are used only at night. Detection of survivors without visual aids is difficult at night. Parachute flares increase the chance of detection only slightly and are effective mostly for large objects in well-defined search areas on flat land or at sea. Parachute flares should be used for searches over land when the urgency is such that the risk of starting ground fires becomes acceptable. They are more useful in sea searches where searchers under parachute flare illumination are less likely to be confused by silhouettes or reflections from objects other than the target. The flares are normally dropped from a fixed- wing aircraft above and ahead of the SRU. The most effective SRUs for flare patterns are, in order, vessels, helicopters, and fixed-wing aircraft.

(a)
Flare Single-Unit (FS) is conducted by a single vessel or helicopter with an aircraft dropping flares. See Figure H-50.

(1)
For ships, the aircraft should drop the flares upwind of the vessel, off the starboard or port bow. Flare burnout should occur on the opposite quarter of the vessel. Illumination may be on one or both sides of the SRU.

(2)
For helicopters, the search pattern should be flown into the wind or downwind at a minimum altitude of 500 feet. Favorable visual meteorological conditions should exist. The flares should be dropped at the 2 o'clock or 10 o'clock positions at a height, which permits flare burn out at or below helicopter altitude. Illumination should be continuous because alternating between light and darkness disorients helicopter pilots. With consideration for wind strength, the pattern should be planned so that the fixed-wing aircraft drops a new flare just before the old burns out. The helicopter pilot should be able to see the flare or flare-dropping aircraft when the flare is dropped.
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Figure H-50  Flare Single-Unit (FS)

(b)
Flare Multi-Unit (FM) is similar to the Parallel Track Multiunit Non-Return pattern. The vessels form abeam with spacing between ships depending on size of target and local conditions. The search legs are oriented into the wind. The aircraft flies a racetrack pattern over the formation, and between vessels, dropping a set of flares upwind so that they are over the formation during the middle of the burning period. The aircraft drops a new set as the previous set burns out.  See Figure H-51.
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Figure H-51 Flare Multi-Unit (FM)

H.7.3.8
Homing Patterns (H) are used to locate emergency transmitters or other radio or electronic emissions from survivors or distressed craft when the detected signal is too weak for homing equipment to receive, or the SRU does not have homing equipment.  Patterns for these searches are discussed in reference (b) (IAMSAR).

H.7.3.9
Drift Compensation During a Search. If the target and SRU are in motion, it may be necessary to consider the relative motion plot of the SRU with respect to the target, especially in high current areas. Failure to account for target motion may cause the target to drift out of the search area before the search is completed. Even if the target remains in the search area, the pattern relative to the target may be so distorted that POD is greatly reduced.

(a)
While it is possible to compensate any search pattern for drift, in practice compensation is normally applied to parallel path (PS/CS) searches. To determine whether compensation is needed, planners ascertain expected velocity of target drift (v) during the next search, maximum dimensions (length (l) and width (w)) of the search area, and search speed (V) and track spacing (S) to be used.
(1)
If the value of (v x l)/(V x S) is less than 0.1, compensation for drift is not necessary. Otherwise, orient the search area so that the major axis is parallel to target drift direction, and investigate the problem further.

(2)
If the value of (v x w)/(V x S) is less than 0.1, no compensation is necessary. Otherwise, patterns for drift compensation should be considered.
(b)
Patterns accounting for search target motion are:
(1)
Parallelogram Pattern (Pd). In these patterns the search legs are parallel to target expected motion. The perimeter of the area relative to the earth can be found by moving the down creep side of the uncompensated area the distance the target is expected to drift during the search of that area. For multi-SRU searches, the total area should be divided into adjacent areas that join only along sides parallel to the search legs (see Figure H-52). All SRUs should creep in the same direction, with altitude separation provided for aircraft SRUs. Each area should be compensated to account for differences expected in drift rate between subareas.

[image: image86.wmf]DRIFT DIRECTION

A

B

C

D

E

F

CSP

DRIFT DIRECTION

CSP SRU1

CSP SRU2

CSP SRU3


Figure H-52  Parallelogram Search Patterns
(2)
Cross-Over Barrier Pattern (B). These patterns have search legs perpendicular to the expected relative movement of targets. The three types of barriers -- depending on relationships of search speed, search leg length, and target speed -- are advancing, stationary, and retreating barriers (see Figure H-53). Most barrier patterns executed by aircraft will be advancing. If multiple barrier patterns are used, search areas should be joined only along sides parallel to search legs. All SRUs should creep in the same direction, with aircraft given altitude separation. Barrier and parallelogram patterns should never be used in adjacent areas. A barrier pattern is more sensitive than a parallelogram pattern to differences between the computed rate of target drift and target rate of drift.

(3)
Expanded Area. Circumstances may not permit use of parallelogram or barrier patterns for drift compensation. The search area size and number of SRUs may preclude establishing adjoining search areas. If so, the planner should expand the area and plan a search with non-compensated patterns. The amount and direction(s) of expansion should be consistent with expected target drift. Figure H-54 illustrates a case of drift direction reasonably well known, but a search area grouping requiring the expanded area technique. In this case, search areas are oriented in the direction of drift. Figure H-55 illustrates a similar case where the search area cannot be oriented with the drift direction. When the search is completed, the initial area, not the expanded area, is completely covered relative to the search target.
(c)
When drift compensation is used, SRUs should arrive on scene at assigned times. Delays may occur, but target motion continues and its effect on area coverage relative to the target should be considered. In some cases the assigned area of a late arrival can be moved down drift without adversely affecting SRU separation. In other cases, the SMC will need to determine the uncovered area and search it later to ensure coverage.  Search area prioritization also reduces the effects of delay or interruption. Areas can be ranked according to probability of containing the target. If this is done in advance, SRUs can be reassigned from areas of lower probability.
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Figure H-53  Cross-Over Barrier Pattern (B)
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	Figure H-54  Expanded Area, Drift Oriented
	Figure H-55  Expanded Area


H.7.4
Search Pattern Summary
Characteristics of the various types of search patterns are summarized in Figure H-46.
Table H-44  Search Pattern Summary

	Pattern
	Name
	SRU required
	Remarks

	TSR
	Trackline single-unit return
	1
	For search of a trackline or line of position when unit must break off search at same end of track as search originated.

	TMR
	Trackline multiunit return
	2 or more
	Same AS TSR except that 2 or more SRUs a are used cruising abeam of each other.

	TSN
	Trackline single-unit
	1
	Same as TSR except that search terminates at non-return at opposite end of track from commence search point.

	TMN
	Trackline multiunit
	2 or more
	Same as TMR except that search terminates at nonreturn opposite end of track from commence search point.

	PS
	Parallel track single-unit
	1
	Search of a large area when position of distress is unknown.

	PM
	Parallel track multiunit
	2 or more
	Same as PS except two or more SRUs search abeam of each other a distance S apart.

	PMR
	Parallel track multiunit
	2 or more
	Used for search of long rectangular area where return only one track out and back is possible.

	PMN
	Parallel track multiunit
	2 or more
	Only en route SRUs or transient craft available nonreturn for one track through search area.

	PSL
	Parallel track single-unit
	1
	Same as PS except SRU uses Loran lines for Loran line greater navigational accuracy on tracks.

	PMC
	Parallel multiunit circle
	2 or more
	Underwater pattern only.

	PSS
	Parallel single-unit spiral
	1
	Underwater pattern only.

	Pd
	Parallel drift compensated
	1 or more
	Used when target motion requires drift Compensation

	CS
	Creeping line single-unit
	1
	Distress generally known to be between two points.  Wider than trackline patterns.

	CSC
	Creeping line single-unit coordinated
	1 acft + 1 ship
	Same as PS except coordinated ship movement used to obtain greater navigational accuracy.

	SS
	Square single-unit
	1
	Distress Position known within close limits and search area not extensive.

	SM
	Square multiunit
	2 acft
	Same as SS except two SRUs fly at different altitudes on tracks which differ by 45o

	VS
	Sector single-unit
	1
	Distress position known within close limits and search area not extensive.

	VSR
	Sector single-unit radar
	1 acft + 1 ship
	Same as VS except ship controls aircraft by radar.

	OS
	Contour single-unit
	1
	Search of mountainous/hilly terrain.

	OM
	Contour multiunit
	2 or more
	Search of mountainous/hilly terrain by land search teams.

	FS
	Flare single-unit
	1 acft + 1 ship or 2 acft.
	Night visual search only.

	FM
	Flare multiunit
	1 acft + ships
	Night visual search only.

	HSA
	Homing single-unit aural
	1
	Electronic homing-in use.

	HSM
	Homing single-unit meter
	1
	Electronic homing-in use.

	HMN
	Homing multiunit nonreturn
	2 or more
	Electronic positioning use.

	B
	Cross-over Barrier
	1 or more
	Used when target motion requires drift compensation.


Section H.8

Search Action Plans

A standard SAP allows the reader to quickly find critical information by knowing that it will always be in a certain place and to identify vital information that is missing.  Equally as important, the DRAFTER of the SAP only needs to learn the format once, since it is now standardized throughout the Coast Guard.  Benefits of this standardized format include: 

· time saved in preparing the message

· fewer calls looking for missing information 

· time saved  finding information critical to executing the mission

The standard SAP format is provided in Appendix C.

(This page intentionally blank)

Section H.9

Manual Solution Worksheets

The following worksheets are for the modified inputs to the manual solution contained in the IAMSAR Manual, which corresponds with the Joint Automated Worksheets (JAWS) available with C2PC and SARPC.  A job aide follows each worksheet.  The worksheets included are:

· Reversing Tides & Other Currents Worksheet

· Wind Current Worksheet

(This page intentionally blank)

 REVERSING TIDES & OTHER CURRENTS WORKSHEET
Case Title: ______________________________
Planner’s Name: _________________ 
Date: ____________

A.
Incident Summary



MINIMUM
MAXIMUM
1.  Latitude
_____________N/S
_____________ N/S

2.  Longitude
____________ W/E
____________ W/E

3.  Surface Position DTG
_______ Z _______ 
______ Z ________

4.  Datum DTG
________ Z _______

5.  Drift Interval
____________ HRS
____________ HRS

B.
Time Conversions:  GMT + Zone Description (Rev) = Zone Time

1.  Surface Position DTG (Zone Time)
________________
________________

2.  Datum DTG (Zone Time)
________________

C.
Reversing Tidal Currents  (Minimum / Maximum / First Search) (circle one)

1.
REFERENCE STATION: ___________________________     PAGE: _______      DATE: ______________

SUBSTATION: ___________________________________     REFERENCE NUMBER: _______________

2.
TIME DIFFERENCES

MINIMUM
MINIMUM

BEFORE
BEFORE

Flood _____ HRS _____ MIN
Ebb   _____ HRS _____ MIN

Max
Max

Flood _____ HRS _____ MIN
Ebb   _____ HRS _____ MIN

3.
VELOCITY INFORMATION

FLOOD:
SPEED
AVERAGE
EBB:
SPEED
AVERAGE


RATIO _____
DIRECTION _____ °T

RATIO _____
DIRECTION _____ °T

	4.
a)
REFERENCE STATION
	b)
SUBSTATION

	TIME
	SPEED
	TIME
	SPEED
	(E/F?)
	TIME
	SPEED
	TIME
	SPEED
	(E/F?)

	______ 
	SLACK
	______
	______
	
	______
	SLACK
	______
	______
	

	______ 
	SLACK
	______
	______
	
	______
	SLACK
	______
	______
	

	______
	SLACK
	______
	______
	
	______
	SLACK
	______
	______
	

	______
	SLACK
	______
	______
	
	______
	SLACK
	______
	______
	

	______
	SLACK
	______
	______
	
	______
	SLACK
	______
	______
	



5.  TIDAL CURRENT CHART


INCIDENT TIME: ____________
DATUM TIME: ____________

6.  COMPUTING AVERAGE FACTOR OF CYCLE:

a)
Time interval from slack water to incident:   ______  HRS   ______  MIN (Same Half-Cycle)


Time interval from slack water to DATUM: ______  HRS   ______  MIN (Same Half-Cycle)

	b)  FACTORS FOR THE FLOOD/EBB CYCLE (1)

_____
_____
_____
_____
_____

_____
_____
_____
_____
_____

_____
_____
_____
_____
_____

_____
_____
_____
_____
_____

_____
_____
_____
_____
_____

c)  TOTAL VALUE OF 
FACTORS IN THIS CYCLE:
_____

Divided by: Total Number of factors in Cycle:
_____

Equals: Average Factor for Cycle:
_____
	b)  FACTORS FOR THE FLOOD/EBB CYCLE (2)

_____
_____
_____
_____
_____

_____
_____
_____
_____
_____

_____
_____
_____
_____
_____

_____
_____
_____
_____
_____

_____
_____
_____
_____
_____

c)  TOTAL VALUE OF
FACTORS IN THIS CYCLE:
_____

Divided by:
Total Number of factors in Cycle:
_____

Equals: Average Factor for Cycle:
_____


7.
COMPUTING THE AVERAGE CURRENT SPEED FOR THE CYCLE:
	Maximum Current Speed for the Cycle:
______ KTS

Multiplied by the Average Factor EQUALS

The Average Speed for the Cycle:
______ KTS
	Maximum Current Speed for the Cycle:
____ KTS

Multiplied by the Average Factor EQUALS

The Average Speed for the Cycle:
_____ KTS


8.
COMPUTING TIDAL CURRENT VECTOR FOR THE CYCLE:
(1)  F / E
(2)  F / E


Time Duration of Drift through the Flood/Ebb Cycle:
______ HRS
______ HRS


Multiplied by the Average Current Speed:
______ KTS
______ KTS


EQUALS:  Magnitude of Current vector for the Cycle:
_______ NM
_______ NM

9.
CALCULATING THE TOTAL TIDAL CURRENT VECTOR:

1st Current Vector:  ______ °T   ______ NM + 2nd Current Vector:  ______°T  ______ NM

EQUALS: Total Reversing Tidal Current Vector:
__________ °T
__________ NM

OTHER CURRENTS WORKSHEET

1.
There are many other currents that may affect a search object.  Some of these are:  Lake, Longshore, River, Surf, Rotary, etc.  The form is self-explanatory..

2.
Type of Current:  _______________________________

3.
Source of information:  _________________________


MINIMUM
MAXIMUM

4.  Set
____________ °T
____________ °T

5.  Drift
__________ KTS
__________ KTS

6.  Vector
____________ °T
____________ °T

     Direction from above and

     Drift x Drift Interval
___________ NM
___________ NM

REVERSING TIDAL CURRENT WORKSHEET

Job Aid

Introduction
This Job Aid provides step-by-step instructions to compute Reversing Tidal Current vectors as well as other currents.  Tab 1 provides amplifying information on filling out section C.6.b)(Factors of each cycle).

A.
Incident Summary
This section of the worksheet is a review of the incident data.

NOTE:  Use two columns only if calculations are from previous Dmin and Dmax
1.
Latitude
Enter data from Datum Worksheet line B.3.

2.
Longitude
Enter data from Datum Worksheet line B.4.

3.
Surface Position DTG
Enter data from Datum Worksheet line B.2.

4.
Datum DTG
Enter data from Datum Worksheet line C.1.

5.
Drift Interval
Enter data from Datum Worksheet line C.2.

B.
Time Conversion
Tidal Current Tables use Standard Meridian Time (Zone Time) for predictions.  To properly use these tables, SAR Planners must know the Zone Description based upon the Standard Time Meridian.  By using the following methodology, the SAR Planner avoids confusion among Local Time, Daylight Saving Time, and Legislated Time.  The formula is:

      GMT  +  ZD (reversed)  =  ZT

Greenwich Mean Time (GMT) is equal to Zulu time.  Zone Descriptions (ZD) can be found in various manuals, such as Bowditch.  Article 1814 of Bowditch explains this conversion.

1.
Surface Position DTG
Enter the result of A.3. + ZD (rev.)

2.
Datum DTG
Enter the result of A.4. + ZD (rev.)

C.
Reversing Tidal Currents

1.
Reference Station
Record date of incident.  In the Index of the appropriate Tidal Current Tables, locate and record Substation Name and Reference Number, Reference Station Name and Page Number.

2.
Time Differences
In Table 2 of Tidal Current Tables, locate Substation and record Time Differences, if applicable.

3.
Velocity Information
In Table 2 of Tidal Current Tables, locate Substation and record Speed Ratio and Average Direction for Maximum Flood and Maximum Ebb, if applicable.

4. Time of Each Cycle

a)
Reference Station
In Table 1 of Tidal Current Tables, locate Reference Station.  Record the applicable Predicted Times of Slack Water, Max Flood/Ebb and Speed of Max Current.  Annotate speed with F for Flood or E for Ebb.

b)
Substation
Add or subtract Time Differences (2. above) to Reference Station Predicted Times [4.a)] and record results.  Multiply Speed Ratio (3. above) times Reference Station Predicted Speed and record results to hundredths (0.XX).  Annotate resultant Speed with F or E.

5.
Tidal Current Chart
Record Incident Time and Datum Time [form A.3. and A.4.].  Plot Incident and Datum Times on Tidal Current Chart.  Label all affected times of Slack Water, Max Flood, and Max Ebb for the incident.  Calculate the Interval of the 1st Half and 2nd Half of each Affected Cycle.  Record results.

6.
Computing Average Factor of Cycle

a.
Time interval
Calculate the interval from Slack Water, within same half-cycle, to Incident and record results.  Calculate the time interval from Slack Water within the same half-cycle to Datum and record results.

b.
Factors for the cycle
Using Table 3 of the Tidal Current Tables, determine which Table to use, A or B.  Using Table 3, obtain necessary factors for each half of the Flood/Ebb Cycle.  Record appropriately and circle F (Flood) or E (Ebb).

NOTE:  If unsure of this instruction, refer to TAB 1 of this Appendix.

c.
Average Factor
Add the factors [6.b)] for each cycle and record results.  Count the number of factors [6.b)] and divide the Total Value of Factors by the number of factors.  Record results to thousandths (0.XXX).

7.
Average Speed
Record the Max Current Speed [4.b)].  Multiply it by the Average Factor and record result to hundredths (0.XX).

8.
Vectors For Each Cycle
Calculate the Duration of Drift through each Cycle and record result to hundredths (0.XX).  Record the Average Current Speed and multiply it by the Duration of Drift.  Record result to hundredths (0.XX).

9. Tidal Current Vectors
Record the Average Direction of Drift for each appropriate Cycle [3. above].  Record the Magnitude of Current Vector for each appropriate Cycle [8. above].  Use a Maneuvering Board or Scientific Calculator to calculate the Total Reversing Tidal Current Vector.  Record result to tenths (0.X).

TAB 1

General
Tab 1 provides a detailed explanation and step-by-step directions for filling out section 6.b, Factors of each cycle, of the Reversing Tidal Current Worksheet.  You may find it helpful to use it in conjunction with the job aid located earlier in this appendix.  

INSTRUCTION 6.b: REVERSING TIDAL CURRENT WORKSHEET

At the top of section 6.b, circle the direction of the cycle (Flood/Ebb).  Now go to Table 3.  Use Table A for all other places except those listed for Table B.  From your Tidal Current chart, locate the starting point of your cycle.  There are two places you can start at:  incident position or slack water.  Starting at incident, there are three possible situations:

INCIDENT TO DATUM, SAME HALF CYCLE:

Use Instruction 6.b(1)

INCIDENT TO MAX CURRENT, 1st HALF OF CYCLE:

Use Instruction 6.b(2)

INCIDENT TO SLACK WATER, 2nd HALF OF CYCLE:

Use Instruction 6.b(3)

INSTRUCTION 6.b(1): INCIDENT TO DATUM, SAME HALF OF CYCLE

Locate the interval from the Tidal Current chart (section 5) for that half of the cycle and locate the column in Table 3 for that interval.  Do not interpolate on this Table.  If you are halfway between the columns, go to the next higher column.  Now on the left side of the Table enter the incident interval (time interval between slack water to datum).  This is the factor for the incident; circle it.  The next event is datum.  On the left side of the Table enter the datum interval (time interval between slack water to datum).  This is the factor for the datum; circle it.  Now record the factors you circled and all in between.  Check the number of factors for the cycle.  For every 20 minutes of drift you should have one factor.  (If you have one too many factors or are short one factor - ok.  This is probably due to rounding off on Table 3.)  You have all the factors for your cycle; go to the instructions for section 6.c.

INSTRUCTION 6.b(2): INCIDENT TO MAX CURRENT, 1st HALF CYCLE

Locate the interval from the Tidal Current chart (section 5) for that half of the cycle and locate the column in Table 3 for that interval.  Do not interpolate on this Table.  If you are halfway between the columns, go to the next higher column.  Now on the left side of the Table enter the incident interval (time interval between slack water to incident). This is the factor for the incident; circle it.  The next event is Max Current.  The max current is represented by the last 1.0 listed in the column (bottom of column); circle it.  Now record the factors you circled and all in between.  These factors are only for the 1st half of your cycle; you are not finished yet.  Move on to the next half cycle, there are two possible situations.

MAXIMUM CURRENT TO SLACK WATER, 2nd HALF OF CYCLE:

Use instruction 6.b(4)

MAXIMUM CURRENT TO DATUM, 2nd HALF OF CYCLE:

Use instruction 6.b(5)

INSTRUCTION 6.b(3): INCIDENT TO SLACK WATER, 2ND HALF OF CYCLE

Locate the interval from the Tidal Current chart (section 5) for that half of the cycle and locate the column in Table 3 for that interval.  Do not interpolate on this Table.  If you are halfway between the columns, go to the next higher column.  Now on the left side of the Table enter the incident interval (time interval between slack water to incident). This is the factor for the incident; circle it.  The next event is slack water.  The slack water is represented by the last factor listed at the top of the column; circle it.  Now record the factors you circled and all in between.

Remember, you have not reached datum yet, you only calculated the factors for the first cycle.  After you are finished with the 1st current vector you must continue with the next cycle starting at the slack water.  There are two possible situations:

SLACK WATER TO MAX CURRENT, 1st HALF OF CYCLE:

Use instruction 6.b(6)

SLACK WATER TO DATUM, 1st HALF OF CYCLE: 

Use instruction 6.b(7)

INSTRUCTION 6.b(4): MAX CURRENT TO SLACK WATER, 2ND HALF OF CYCLE

Locate the interval from the Tidal Current chart (section 5) for that half of the cycle and locate the column in Table 3 for that interval.  Do not interpolate on this Table.  If you are halfway between the columns, go to the next higher column.  The first event in this half of the cycle is maximum current.  Since we already have a factor for maximum current in this cycle (last factor in the 1st half of the cycle), we will circle the next factor after max current.  The max current is represented by the last 1.0 listed in that column (bottom of column), cross it out.  Circle the next factor just above it.  This factor represents 20 minutes after maximum current.  The next event is slack water.  Slack water is represented by the last factor listed at the top of the column; circle it.  Now record the factors you circled and all in between.  You now have all the factors for your cycle, go to the instructions for section 6.c.

Remember, you have not reached datum yet, you only calculated the factors for the first cycle.  After you are finished with the 1st current vector you must continue with the next cycle starting at the slack water.  There are two possible situations:

SLACK WATER TO MAX CURRENT, 1st HALF OF CYCLE: 

Use instruction 6.b(6)

SLACK WATER TO DATUM, 1st HALF CYCLE: 

Use instruction 6.b(7)

INSTRUCTION 6.b(5): MAX CURRENT TO DATUM, 2ND HALF OF CYCLE

Locate the interval from the Tidal Current chart (section 5) for that half of the cycle and locate the column in Table 3 for that interval.  Do not interpolate on this Table.  If you are halfway between the columns, go to the next higher column.  The first event in this half of the cycle is maximum current.  Since we already have a factor for maximum current in this cycle (last factor in the 1st half of the cycle), we will circle the next factor after max current.  The max current is represented by the last 1.0 listed in that column (bottom of column), cross it out.  Circle the next factor just above it.  This factor represents 20 minutes after maximum current.  The next event is datum.  On the left side of the Table enter the datum interval (time interval between slack water to datum).  This is the factor for datum; circle it.  Now record the factors you circled and all in between.  Check the number of factors for the cycle.  For every 20 minutes of drift you should have one factor.  (If you have one too many factors or are short one factor - ok.  This is probably due to rounding off on Table 3.)  You have all the factors for your cycle; go to the instructions for section 6.c.

INSTRUCTION 6.b(6): SLACK WATER TO MAX CURRENT, 1st HALF OF CYCLE

Locate the interval from the Tidal Current chart (section 5) for that half of the cycle and locate the column in Table 3 for that interval.  Do not interpolate on this Table.  If you are halfway between the columns, go to the next higher column.  The first event in this half of the cycle is slack water.  Slack water is represented by the last factor listed at the top of the column; circle it.  The next event is max current.  The max current is represented by the last 1.0 listed in the column (bottom of column); circle it.  Now record the factors you circled and all in between.  These factors are only for the 1st half of your cycle; you are not finished yet.  Move on to the next half cycle, there are two possible situations:

MAXIMUM CURRENT TO SLACK WATER, 2nd HALF OF CYCLE:

Use instruction 6.b(4)

MAXIMUM CURRENT TO DATUM, 2nd HALF OF CYCLE:

Use instruction 6.b(5)

INSTRUCTION 6.b(7): SLACK WATER TO DATUM, 1st HALF OF CYCLE

Locate the interval from the Tidal Current chart (section 5) for that half of the cycle and locate the column in Table 3 for that interval.  Do not interpolate on this Table.  If you are halfway between the columns, go to the next higher column.  The first event in this half of the cycle is slack water.  Slack water is represented by the last factor listed at the top of the column; circle it.  The next event is datum.  On the left side of the Table enter the datum interval (time interval between slack water to datum).  This is the factor for the datum; circle it.  Now record the factors you circled and all in between.  Check the number of factors for the cycle.  For every 20 minutes of drift you should have one factor.  (If you have one too many factors or are short one factor - ok.  This is probably due to rounding off on Table 3.)  When you have all the factors for the cycle, go to the instructions for section 6.c).

WIND CURRENT WORKSHEET
Case Title: ______________________________  Planner's Name: _______________________  Date: _____________

A.
Incident Summary


MINIMUM
MAXIMUM

1.  Latitude

____________ N/S
____________ N/S

2.  Longitude

____________ W/E
____________ W/E

3.  Surface Position DTG
________ Z ______
________ Z ______

4.  Datum DTG
_________ Z ______

5.  Drift Interval
____________ HRS
____________ HRS

B.
Wind Current Vector Computations Required

	
WC


( # )
	
Reported


Wind DTG
	
Wind Valid


Period
	
Number of 


Hours

	
(    )


(    )


(    )


(    )


(    )


(    )


(    )


(    )
	
0000Z


0600Z


1200Z


1800Z


0000Z


0600Z


1200Z


1800Z
	
2100 - 0300


0300 - 0900


0900 - 1500


1500 - 2100


2100 - 0300


0300 - 0900


0900 - 1500


1500 - 2100
	
____________


____________


____________


____________


____________


____________


____________


____________

	Total hours (sum number of hours column)
	____________


C.
Wind Current Vector Computations

	
Interval
	Reported 

Wind DTG
	Wind

(A)/(B)
	Coefficients

(C)/(D)
	Contribution

(A+C)/(BxD)

	1
	
	/
	/
	/

	2
	
	/
	/
	/

	3
	
	/
	/
	/

	4
	
	/
	/
	/

	5
	
	/
	/
	/

	6
	
	/
	/
	/

	7
	
	/
	/
	/

	8
	
	/
	/
	/


Resultant LWC ( ______°T/ _____ KTS) times number of hours this period (       )

Equals WC (    ): ______ °T/ _____ NM
WIND CURRENT WORKSHEET
	Interval
	Reported 

Wind DTG
	Wind

(A)/(B)
	Coefficients

(C)/(D)
	Contribution

(A+C)/(BxD)

	1
	
	/
	/
	/

	2
	
	/
	/
	/

	3
	
	/
	/
	/

	4
	
	/
	/
	/

	5
	
	/
	/
	/

	6
	
	/
	/
	/

	7
	
	/
	/
	/

	8
	
	/
	/
	/


Resultant LWC ( ______°T/ _____ KTS) times number of hours this period (        )

Equals WC (      ): ______ °T/ _____ NM

	Interval
	Reported 

Wind DTG
	Wind

(A)/(B)
	Coefficients

(C)/(D)
	Contribution

(A+C)/(BxD)

	1
	
	/
	/
	/

	2
	
	/
	/
	/

	3
	
	/
	/
	/

	4
	
	/
	/
	/

	5
	
	/
	/
	/

	6
	
	/
	/
	/

	7
	
	/
	/
	/

	8
	
	/
	/
	/


Resultant LWC ( _______°T/ ______ KTS) times number of hours this period (        )

Equals WC (        ): ______ °T/ _____ NM

D.
Total Resultant Wind Current Vector  {WC} = WC(1) + WC(2) + WC(3) +. . .

[WC(     ): ____ / ____, WC(     ): ____ / ____, WC(     ): ____ / ____]

Total Resultant Wind Current Vector (WC) = ______ °T / _____ NM

WIND CURRENT WORKSHEET

Job Aid

Introduction
The WIND CURRENT WORKSHEET is used to calculate current caused by the effect of persistent winds on the surface of the water.  Wind current is calculated when the surface position is more than 20 NM from shore and the water depth is greater than 100 FT.

A.
Incident Summary
This section of the worksheet is a review of the incident data.

NOTE:  Use two columns only if calculations are from previous Dmin and Dmax.

1.
Latitude
Enter data from Datum Worksheet line B.3.

2.
Longitude
Enter data from Datum Worksheet line B.4.

3.
Surface Position DTG
Enter data from Datum Worksheet line B.2.

4.
Datum DTG
Enter data from Datum Worksheet line C.1.

5.
Drift Interval
Enter data from Datum Worksheet line C.2.

B.
Wind Current Vector 
Wind Current is calculated in 48-hour periods made up of sub periods

Computations Required
of 6 hours or less.  The first period begins at the time of datum and moves backward for eight 6-hour periods.

1.
Wind Valid Period Column – Left Side
Scan the left hand column; insert the surface position time (A.3.) into the appropriate time slot.

2.
Wind Valid Period Column – Right Side
Scan the right hand column; insert the datum time (A.4.) into the appropriate time slot.

3.
WC(#) column
Consecutively, number the spaces in this column from surface position time to datum time.

4.
Reported Wind DTG column
Starting with WC(1), append the appropriate date.  Stop at the last numbered WC(#).  0000Z begins a new day.

	E

X

A

M

P

L

E
	
	WC

(#)
	Reported

Wind DTG
	Wind Value

Period
	
	Number of

Hours
	

	
	
	(  )
	0000Z
	2100 - 0300
	
	
	

	
	
	(1)
	040600Z
	040730 0300 - 0900
	
	1.50
	

	
	
	(2)
	041200Z
	0900 - 1500
	
	6.00
	

	
	
	(3)
	041800Z
	1500 - 2100
	
	6.00
	

	
	
	(4)
	050000Z
	2100 - 0300
	050100
	4.00
	

	
	
	(  )
	0600Z
	0300 - 0900
	
	
	

	
	
	(  )
	1200Z
	0900 - 1500
	
	
	

	
	
	(  )
	1800Z
	1500 - 2100
	
	
	


5.
Number of Hours column
Calculate the number of hours of drift for each WC period and enter result rounded off to hundredths (0.XX).

6.
Total Hours
Sum the Number of Hours Column and enter the result.  This figure should match the drift interval figure (A.5.).

C.
Wind Current Vector Computations
This section calculates the local wind current (LWC) for each WC period.  This method takes into account the effects of past or changing winds as well as Coriolis effect.

1.
Reported Wind DTG column
On line 1, enter the Reported Wind DTG of the WC(#) from Section B above, corresponding with the wind current that this list will compute.  The remaining lines will be the "Reported Wind DTG" for the wind history over the past 48 hours.

2.
Wind (A)/(B) column
Obtain wind information from National Weather Service, Fleet Weather Service, or any other reliable source for the appropriate DTGs and enter wind direction (A) and speed (B).

3.
Coefficients (C)/(D) columns
Obtain and enter the wind coefficients for the closest latitude from the wind current tables (Tables H-4a and H-4b).  DO NOT INTERPOLATE between latitudes.  If surface position is exactly between two columns (i.e., 07° 30' N), predict the direction of total drift, which should push the drifting object toward different latitude.

4.
Contribution (A+C)/(BxD) column
Calculate Contribution:

a.
For each line, add the directions from columns A and C.  If A+C is greater than 360 then subtract 360.

b.
For each line, multiply column B (wind speed) by column D (coefficient).  Enter result rounded off to thousandths (0.XXX).

5. 
Resultant LWC times number 
Using a maneuvering board, or scientific calculator, vectorially add 

of hours this period
the vectors in the Contributions column.  Enter result rounded off to tenths (0.X) of degrees and hundredths (0.XX) of KTS.  Enter number of hours for this WC from Section B.

6.
Equals WC(_): ____° T/___NM
Enter appropriate WC(#).  Enter direction from Resultant LWC.  Multiply LWC speed by the number of hours for this period and enter result (NM) rounded off to hundredths (0.XX).

7.
Complete steps 1 thru 6 for additional WC(#).

D.
Total Resultant Wind Current Vector =

1.
Enter all WC(#) vectors.

2.
(WC) =
Using a maneuvering board, or scientific calculator, vectorially add the WC(#) vectors.  Enter resultant direction and distance in tenths (0.X) of degrees and NM here and on Datum Worksheet, section E., line 1.
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