Estimation of needed Resources for an

Plague Hopper Campaign
This is set out as a Microsoft Office Excel Spreadsheet called “Plague”. The Spreadsheet merely performs arithmetic. There are no hidden assumptions. The Outputs follow inevitably from the Inputs. The Operator can change all the Inputs. The other cells cannot be changed – they are Protected. 

There are no estimates based on sampling of the impact of major campaigns. Such estimates are difficult to make and require resources when resources are committed to control. Theoretical estimates such as this Spreadsheet are no adequate substitute for field evaluation. Further, many of the Inputs are no more than an informed guess. However, a theoretical estimate is better than the alternative, which is simply assertion. 

This Spreadsheet or something similar must be the basis for any Contingency Plan. That means it is essential to attempt to derive more reliable values for the Inputs.

During recent major campaigns the vast majority of control has been from the air using Ultra Low Volume (ULV) pesticides and application methods. This Spreadsheet assumes that for such application the problem of the demarcation of target blocks has been solved. The Spreadsheet also allows the investigation of block control and individual band control by vehicle, and in addition “barrier” treatment.

Instructions
Input – basic
The first requirement is to estimate the number of bands that might need to be treated. Unfortunately there is no information on the number of bands in a plague breeding nor any way that might be judged from experience.  The only approach is to work backwards from the swarm progeny. There is some information on the area of swarm that results from a plague breeding and here experience is a better guide. The additional parameters required are the mean swarm density for which there is a widely accepted figure, the late instar and fledging mortality which is believed to be small, the mean density in mid instar bands for which there is some information, and the mean size of a band.  In addition, to estimate the area of target block we need to  judge the fraction of the total bands that are in blocks and the mean % infestation in those blocks. The former depends on the clumpiness of the band distribution about which there is no information; the latter is thought to be in the region of 5% but usually less rather than more.

Input.  Number progeny swarms; no 

Suggested value – 20

Input. Average area of swarm; km*km 

Suggested value  - 50

Input. Swarm density; no/m*m 

Suggested value   - 50

Input. Mean density 3-4 instar band; no/m*m.

Suggested value  - 100

Input. Infestation in block target - average; %

Suggested value   - 5

Input. Mortality late instar- young adult; % 

Suggested value    - 20    

Input. Fraction of all bands in target blocks; %  

Suggested value – 80

Output
The number of adults is the area of swarm multiplied by the swarm density.

The number of mid instar hoppers is the number of adults divided by the late instar/ fledgling mortality.

The area of band is the number of hoppers divided by the mean band density.

The number of bands is the area of band divided by the mean area of a band.

The area of band in target blocks is the total area of band times the fraction of bands judged to be in those targets. 

Subsidiary Output - “No of bands”.

The area of target block is the area of band in blocks divided by the mean % infestation in a block.

Output - “BLOCK CONTROL Total area target block”
Other basic Inputs
Input. Application rate ULV  pesticide ;l/ha

Suggested value – 0.5

Output Pesticide to treat all blocks – l

This is the total area of target block multiplied by the application rate.

Input. Length of campaign ; days

Suggested value – 30

Input. Time suitable spray – average ; h

ULV spraying needs a steady wind. Mornings are usually the only time. Afternoons with strong convection are not suitable. 

Suggested value – 4

Note For aircraft operations an additional hour is allowed for ferrying and inspection of the spray site outside the treatment period.

Input aircraft
Input. Track spacing; m

Suggested value – 100

The requirement is for a spray aircraft with a modest pesticide carrying capacity and a substantial endurance.

Input. Spray load; l 

Suggested value – 500

Input. Cruise/spray speed; km/h

Suggested value – 200

Input. Mean distance to target; km

Targets will often be a considerable distance from base. 

Suggested value –150

Input. Turn round time; h

This is the time taken between sorties to refuel the aircraft and refill the spray tank.

Suggested value – 0.5

Input. Days aircraft operate; %

Aircraft will not be able to operate every day either because of mandatory checks, equipment failure or unsuitable weather for spraying.

Suggested value – 75

Output -Aircraft to treat all blocks
Assumption. It is assumed that an aircraft will always apply a complete load of pesticide. In practice that is unlikely. This assumption thus tends to underestimate the aircraft requirement.

The calculation involves many variables and has been carried out in a number of stages. These appear in the Intermediate aircraft outputs and can be followed by clicking the relevant Output box.

The target area is given by the spray load and the application rate. The target is assumed to be square so the length of a run will be the square root of the area of the target, and the number of runs the same figure divided by the track spacing. The flying time required is the length of a run times the number of runs divided by the flying speed with 2 min added for turns at the end of each run. (The emission rate is the spray load divided by the time actually spraying, which in turn is the product of the number of runs and their length divided by the flying speed.)  The mean sortie time is the time needed to fly to and from the site, which is given by the distance and the cruise speed, added to the time at the site.

The sorties per day by an aircraft is the hours available divide by the time for a sortie plus the turn round time. The sorties by one aircraft in a campaign is given by the sorties per day, the length of the campaign, and the percentage of the days the aircraft can operate. The area treated by one aircraft in a campaign is the product of the area of a target (since one target is treated in a sortie ie a complete pesticide load applied) and the number of sorties. The number of aircraft needed is the total block area divided by what one aircraft can treat.

Input vehicle

Input.Vehicles/ team; no

Suggested value – 2

Input. Time to find and mark a block; h

This is difficult to judge since there is no agreed method of demarcation. The suggested value may be optimistic.

Suggested value – 4

Input. Area target block – average; ha

This will be smaller than for an aircraft but still must embrace a number of bands. The difficulty of flagging very long tracks will place a limit on the size of a block. Within cab GPS track guidance systems exist but are unlikely to be routinely available.

Suggested value – 100

Input. Speed spraying; km/h

Suggested value – 10

Input. Track spacing; m

Suggested value – 35

Input. Days vehicle operate; %

A team will not in practice function throughout a campaign and there will be vehicle breakdowns, equipment failure and the need to collect supplies of fuel, food and pesticide.

Suggested value – 75

Input. Time operating/day; h

The time operating can be taken as greater than the morning period suitable for spraying. Target search and demarcation can take place at other times.

Suggested value – 8

Output – vehicles to treat all blocks.

The calculation involves many variables and has been carried out in a number of stages. These appear in the Intermediate vehicle outputs and can be followed by clicking the relevant Output box.

The time to treat a standard block is a function of the number of runs, the turn time at the end of a run (assumed to be 2 min), the length of a run and the vehicle’s speed when spraying. The target is assumed to be square so the length of a run will be the square root of the area of the target, and the number of runs the same figure divided by the track spacing. To total time needed to deal with a block is the time to treat plus the time to find and demarcate. 

The blocks treated per day by a vehicle is given by the hours operating divided by the time needed to find, mark and spray a standard block. The area treated per day is the product of the blocks treated and the area of a standard block. The area treated by one team in a campaign is given by the area treated per day, the length of the campaign, and the percentage of the days the team can operate. The number of teams and vehicles needed, is the total block area divided by what one team can treat.

Other vehicle Inputs

These relate to “Treatment of individual bands”.

Input. Mean size band; ha

Suggested value – 2

Note It is assumed that to treat a band an area twice that of the band will have to be sprayed.

Input. Time to find and mark a band; h

This is difficult to assess. It will take c 1 h to mark out a plot containing a 2 ha band. Even if the position of the next band is known it will take time to reach the band and deploy. But the next band may have to be searched for.

Suggested value – 2

Output - Individual band control

The time taken to treat an average band is found precisely as for block treatment from the area of the average target - in this case twice that of the average band - the track spacing and the vehicle speed whilst spraying. To this must be added the time allowed to find and mark the band.

The bands that a team can treat in a day is hours a team will operate divided by the time to find mark and treat a band. The bands a team can treat in a campaign is that figure multiplied by the length of the campaign and the percentage of days on which the team is operational. 

Output. Vehicles treat all bands – no

This is given by the number of bands divided by the bands a team can treat in a campaign and multiplied by the vehicles in a team.

Output. Pesticide treat all bands - l

The pesticide needed to treat all bands is the product of the number of bands and twice the mean band area multiplied by the application rate. 

Input – “Barrier” spraying.

Barrier spraying using a track spacing greater than the swath width, requires a highly persistent pesticide with a cumulative stomach action. Until recently no suitable permitted pesticide has been available but that may change.

It is assumed all barriers will be sprayed from the air. 

Input. Barrier spacing; m

Suggested value – 1000

Input. Emission – multiple of the rate for block treatment; no

This will affect the aircraft utilisation since if a higher emission is needed, the aircraft will have to fly more sorties. However, emission rate will depend on the pesticide and its’ formulation. We do not have a pesticide so we have no basis for entering a figure.

Suggested value – 1

Input. Area requiring treatment.

This is the critical variable. The % infestation will certainly be much less than for target blocks. 

Delimiting areas for barrier treatment by search will be far more difficult than delimiting target blocks. It is doubtful if it is possible. If the distributions simulated in “Search” are plausible the overall infestation is likely to be less than 1% even in the more densely infested sectors.

 The alternative is to treat all the contiguous sectors where mature swarms have been seen. Reporting efficiency varies from place to place so sectors must be large. Before a plague breeding mature parent swarms have been reported from 10, 20, 30, even 40 contiguous “degree squares”.

The Spreadsheet allows for both methods.

Input. A.  Degree squares parent swarms reported – no 

Suggested value; 20

           B.  Fraction of block % infestation; no

Suggested value 0.1 

(0.1would give a 0.5% infestation if the target block had a mean 5% infestation level.)
Output.

The area to be treated under A is merely 10000 times the number of degree squares; under B, the treatment area is given by the area of band divided by the % infestation in the barrier treated sectors.

Output. Pesticide all barriers; l. 

This is a function of the area, the track spacing and the emission rate.

Output. Aircraft all barriers. This is the pesticide applied divided by the spray load and the sorties an aircraft can carry out in a campaign. The last value has already been derived and the process explained.

Summary of suggested Input Values
Basic
	Number progeny swarms
Average area swarm
Swarm density
Mean density 3-4 instar band
Infestation in block target
Application rate ULV pesticide
Mortality late instar- young adult
Length campaign
Time/day suitable for spraying
	20

50 km*km

50 /m*m

100/m*m

5 %

0.5 l/ha

20 %

30 days

4 h


Aircraft

	Track spacing
Spray load
Cruise/spray speed
Mean distance to target
Turn round time
Days aircraft operational
	100 m

500 l

200 km/h

150 km

0.5 h

80 %


Vehicle

	Vehicles/team
Time to find and mark a  block
Area  target block
Speed spraying
Time to find and mark a band
Mead size band
Days team operational
Time operating/day
	2

4 h

100 ha

10 km/h

2 h

2 ha

75 %

8 h


Barrier spraying

	Barrier spacing
Emission – multiple of  normal
Area requiring treatment

A. Deg sq parent swarms reported
B. Fraction of block % infestation
	1000 m

1

20

0.1


