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Abstract 

 

This document summarizes work done at Los Alamos national lab on Hurricane damage 

prediction, specifically, to the electrical power grid. An older, heuristic model is compared with a 

new automated heuristic method and a new method of physically modeling hurricanes is 

developed in detail. The new CICLOPS modeling system is extensively tested and its use in a 

real life situation is illustrated. 
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CHAPTER 1 

 

Introduction 

 

Hurricanes are a periodic source of damage to infrastructure in the US. The costs of 

repairing the damage they do ranges from the hundreds of thousands, to several billion 

dollars. The Saffir-Simpson Hurricane Scale1 is intended to give some idea of the damage 

a hurricane may potentially cause, but it represents only the most basic indicator of 

hurricane damage. For example, hurricane Agnes in 1972, a category 1 storm on the 

Saffir-Simpson scale caused approximately $11.3 billion in damages2. Three years 

earlier, hurricane Camille a category 5 hurricane (the highest class of hurricane on the 

Saffir-Simpson scale), caused $8.9 billion in damages. While it is generally the case that 

higher category hurricanes do more damage than lower categories, this example 

illustrates to some extent how widely damage can vary from storm to storm. 

 Given the massive financial impact these storms can have, it is desirable to be 

able to predict, to the largest extent possible, where, when and how much damage an 

incoming hurricane may cause. 

 This document describes work done to compare some of the methods used for 

hurricane damage prediction at LANL, and extensively discusses development work 

undertaken on the newest model. First, the oldest method used at LANL, their Heuristic 

method is described. Then an automated version of the same method is described, and the 

two methods are then compared in detail. The final section will describe the development 
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of a new tool for physically modeling hurricanes, CICLOPS. Its properties will be 

described in detail, and the process of development undertaken on this model will be 

fully described. 
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CHAPTER 2 

Heuristic method 

 

 One of the jobs of NISAC (National Infrastructure Simulation and Analysis 

Center) is to produce damage estimates for incoming hurricanes during the hurricane 

season each year for the Department of Homeland Security. NISAC has had several 

methods for making these estimations. The original method used was a heuristic one that 

involved the use of analog storms. An analog storm is one that shares some similar 

characteristics with the storm being studied, for example, its intensity on the Saffir-

Simpson scale. This analog storm is then manipulated to approximate other 

characteristics of the storm, for example its track and shape. This altered storm is then 

placed over the region the storm will affect in a GIS program, and this represents the 

prediction for that storm. 

The pictures below illustrate this method being applied. A wind swath for 

hurricane Charley is rotated and stretched then translated to generate a prediction for 

hurricane Frances.      

 

 

 

 

Figure 1- 

Hurricane 

Charley 

Windswath 
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Figure 1 – Rotated Hurricane Charley Swath 

 

The top image shows hurricane Charley’s track across Florida. Charley approached from 

the south west and crossed Florida on a straight North easterly track. Charley was a 

particularly narrow storm, despite being a category 4 hurricane. The second image shows 

Charley’s track rotated, widened and translated to be used as a prediction for hurricane 

Frances. Frances was a much wider storm, approaching Florida from the east and 

following a north westerly track across the state. 

 This is the essence of the analog storm method of hurricane damage prediction. 

One of the major drawbacks of this method is the time it takes to generate the prediction. 

It can be quite time consuming to find a suitable analog storm and perform the various 

manipulations needed to predict damage for an incoming storm. This may take several 

hours. 
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 The other major drawback of this method is that it is a purely heuristic method. It 

gives an indication of what a storm might be expected to do, based on what other similar 

storms have done in the past. It is not based on any physical model of the storm, it is 

simply based on the assumption that for the most part, storms will behave in a similar 

fashion to other storms similar to them. In the broadest possible sense, this is generally 

true. While there are many patterns in the behavior of hurricanes, individual hurricanes 

with slightly different characteristics can vary wildly in their effects and the damage they 

cause. As such, it is important to remember that this method merely provides an 

indication of what a hurricane may do, based on what other similar storms have done in 

the past. 

 

Automated Heuristic method 

 

 Given the amount of time it can take to generate a prediction in this manner, it is 

desirable to somehow automate this process. A java program was created for this 

purpose. Given a certain input matrix, the program would make the necessary 

translations, rotations and resizing needed to form a prediction for an incoming hurricane, 

based on an analog storm. 

 For any new method, we wish to have some measure of how closely the new 

method resembles the old in its predictions. We assume the old method of using analog 

storms produces reasonably acceptable results, and we wish the new model to at least 

approximate these results. 
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 Damage contours are generally produced as files viewable in various GIS 

packages. GIS software makes it easy to look at the contours produced by different 

methods, and make some judgment on how similar they appear. This approach is not 

quantitative in any way, and we wish to find a method of quantifying the differences 

between the two modeling approaches. 

 It is possible to convert the GIS files into simple text files containing all the 

information from each individual cell in the area the GIS file covers. A simple program 

can then be used to compare these text files for similarity and differences. Once this is 

done we must then decide on some metrics for measuring these similarities and 

differences. 

The simplest, and most basic metric we can calculate is simply what percentage of 

the cells produced by each modeling method are common. This is crude in the extreme, 

but it does provide a very general picture of how the two models compare. If we know 

that the two methods share 5% of cells in common, we can quickly conclude that they are 

making wildly different predictions, and there is virtually no commonality. If, on the 

other hand, we find that 80% of the cells are common between the models, we can see at 

a glance that both methods predict something roughly similar. 

 While perhaps useful as a quick summary, this total accuracy tells us nothing 

about the distribution of accuracy between the two methods. It is of interest how much of 

each contour (25% damage, 50% damage, 75% damage and 100% damage) the two 

models have in common. It may be more important that the areas of 100% damage are 

very close between the two models, than that the areas of 25% damage, or no damage are 

similar. 
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 It is also useful to know whether a given model is under of over reporting each 

damage contour. If we assume that the total number of cells with 100% damage have 

50% of those cells in common between the models, that allows for the possibility that one 

model could have the 100% damage area twice the size of the other, or half the size. We 

obviously want to be able to make this distinction. For this characterization, two metrics 

called User accuracy and Producer accuracy are used. 

User accuracy attempts to measure errors of commission, or inclusion. For our 

purposes, this represents cells that are included in a damage contour that should not have 

been. We can define this as the number of cells correctly identified in a given category 

(contour) divided by the number of cells claimed to be in that contour. Essentially, User 

accuracy measures the amount of cells placed where they should not have been. 

Producer accuracy measures errors of omission, or exclusion. This represents cells 

that should have been included in a particular category, but were not. It can be defined as 

the number of cells correctly identified divided by the number of cells that are actually in 

that category. Simply put, Producer accuracy measures the percentage of cells that are 

placed where they should be. 

It should be clear that both these metrics require some definition of when a cell is 

“correctly” identified. We will assume a cell is correctly identified in the new model if it 

is common with the same cell in the old model. 

 A combination of total error, the producer metric and the size ratio of the regions 

in each prediction should give a good characterization of how similar the two models are. 
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Predictions were generated using both models for the hurricanes Katrina, Ivan and 

a fictional storm, Hurricane Ernesto. The original damage contour for hurricane Ernesto 

was generated during an exercise. This damage contour serves as an example of a 

category 2 hurricane. These represent category 4, 3 and 2 hurricanes, respectively. A 

table summarizing this comparison appears below: 

 

 

 

 

Table 1 – Comparison of Automated method to Heuristic method using Producer 

accuracy and Size ratios as metrics 

 

 

This table highlights many of the differences in the two models, and also many of 

the uses of the various metrics. What this table summarizes, are the results of a computer 

program run to compare one prediction from the old heuristic model for each hurricane, 

against a prediction from the automated heuristic method for the same storm. An array of 

points was generated for each storm using the data produced by both models. These 

arrays covered identical spatial areas. The arrays were populated by the values of the 

Producer Accuracy per damage 

region 

Size Ratio per damage 

region 

S
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100 75 50 25 100 75 50 25 

Common 

% 

Katrina 4 60 19 2 33 68 27 30 135 73 
Ivan 3 96 55 37 55 170 185 106 112 67 
Ernesto 2 23 20 27 58 23 56 104 177 80 

Average 60 31 22 49 87 89 80 141 73 
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damage contour for each point in space covered by the prediction. The program then 

simply compared every single point in the automated predictions against their equivalent 

point in the heuristic predictions, and for every point, decided whether the value at that 

point was the same or different. The metrics reported in the table were the producer 

accuracy, a good measure of when points were correctly assigned, the size ratio, a 

quantity defining the ratio of the size of each area in the automated prediction compared 

to the size of the same area in the heuristic prediction, and the overall percentage of 

points that were common between the two models. It was felt these three metrics were 

sufficient to characterize the degree of similarity of the two methods of prediction. 

 The table shows great variability between hurricanes, with some general trends. 

One thing common to all three hurricanes is that the size of the 25% damage area tends to 

be larger in the new model, compared to the old. This can be seen from the size ratio for 

the 25% region, numbers greater than 100% indicate an over reporting of the damage 

area relative to the reference contour (the old model). 

 In the case of both Katrina and Ernesto, the new model predicted a smaller 100% 

damage area than the old model, where as in Ivan’s case, the 100% damage area was 

considerably larger. 

 It is also possible to see from the data that “errors” in the predictions tend to 

propagate throughout the contours. If the 100% damage area is over reported, that means 

that some cells that should have had 75% damage show as having 100% damage, and so 

the “error” in the 100% area propagates to some extent into the 75% area, and so on. 
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 The figure below shows contours generated by the new model and the old model 

for Hurricanes Ivan and Ernesto. The old model is represented by the solidly coloured 

areas, and the new is represented by the outlined areas. 

 It can be seen that particularly in Ivan’s case, the shape of the contours is very 

similar, while their individual extent tends to differ. In Ernesto’s case, the shape is not 

quite so similar, but the disparity isn’t large. In both cases, the extent of each contour 

varies between models, and the new model tends to have a larger 25% damage area. 

 

 

Figure 2 – Damage area’s for Hurricanes Ivan and Ernesto produced by heuristic and automated 

method 
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One area of note is the north eastern extent of the 75% and 50% damage contours in the 

new models prediction for hurricane Ivan. It can be seen that in this region the contours 

become tangled and a certain amount of the misreporting between the two models is due 

to this. 

 It is important to note that what is being compared here is the fidelity of one 

model to another. This says nothing about the underlying accuracy of either model, or 

their relationship to physical reality. That is why in some cases “error” appears in 

quotation marks. Error in this context merely refers to the new model reporting 

something different from the old model. No assessment is made of which model reflects 

reality more closely. 

   That being the case, it can be concluded that the two models do have a moderate 

degree of commonality. The new model has a tendency to over report damage areas when 

compared to the old model, but the levels of producer and user accuracy indicate that 

there is at least a commonality in shape, if not extent of the contours. 
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CHAPTER 3 

 

 

Hurricane Physical Modeling 

 

 As has been eluded to before, while the two previous methods of damage 

estimation have a certain amount of commonality, it is far from clear to what extent they 

represent the actual damage an incoming storm causes. It was desirable to develop a 

model for storm damage based on the actual physical parameters of a storm that can be 

obtained, pre-landfall. Such a model was developed, based on a paper by J. Kapalan and 

M. DeMaria3. The model proposed by J. Kapalan and M. DeMaria deals with tropical 

cyclone decay over land. The central equation of their model is as follows. 

 

( ) CecRMcv
t

sxs
−−+=

−α

 (1) 

Here, v is the wind velocity at any time, cs is the translational speed of the hurricane, R is 

a constant fraction representing the slow down of winds once they cross onto land due to 

resistance from the ground, Mx is the maximum wind at landfall, α is a decay constant, 

and C is a correction factor that affects the wind speed is the storm remains near water. 

 This equation described the maximum wind produced by the hurricane as it 

decays with time. In their paper, Kapalan and DeMaria take the constant R to be 0.9. 

Obviously, this simply means that any wind is reduced by 10% when it crosses from over 

sea, to over land. This is obviously a simplification, and will be further developed later. 
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The decay constant, α, was fitted to a large number of hurricanes in the original paper, its 

value is taken as 0.095 h-1. 

 Equation 1, above describes the maximum wind velocity as a hurricane decays 

over time. The Kapalan and DeMaria paper describes the spatial variation of wind 

speeds, which is of interest in the context of predicting damage, as follows. 

 

( ) ( ) ( ), cos /180 exp 1 /

a

s x s

x x

r r
v r c RM c a

r r
θ πθ

   
  = + − −       

(2) 

 

 Here the spatial parameters r and θ refer to the radius from the hurricanes eye, and 

the poloidal-angle coordinate measured relative to the eye and from the 90-degree right 

orthogonal to the storm direction. 

 Adding the exponential temporal decay term and the correction factor, C, from Eq 

1 to Eq 2 to describe both the spatial and temporal variation of the storm produces 

( ) ( ) ( ) Cea
r

r

r

r
cRMctrv

t

a

xx

sxs
−





































−−+=

−απθθ /1exp180/cos,,

 

                                                                                                                                           (3)   

 

 The value rx here represents the radial distance from the eye to the position of 

peak wind speed, the eye wall. The constant a is a size parameter that describes the extent 
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of the hurricane. The values of rx and a are determined by solving the velocity equation 

computationally using the wind velocities at two known radii in the storm. 

 The wind speed at any position is then the product of three components. Firstly, 

the translational speed of the storm along its track. Secondly, the helical winds centered 

on the storms eye and thirdly, the correction term that describes storm behavior near 

water. 

 The Helical component of the storms velocity is additive to the translational speed 

of the storm to the “right” of the storm relative to its direction of translation, and 

subtractive to the storms “left”. It is always the case then, for storms in the Northern 

hemisphere, that the maximum wind speed produced by a hurricane is produced to the 

“right” of the storm track since all hurricanes rotate counter clockwise in the Northern 

Hemisphere. 

 

 This then, was the model proposed by the Kapalan and DeMaria paper. Several 

corrections were made to this model by Andy Mc Cown and Ken Werley at Los Alamos4. 

Firstly, it was noted that since the correction term, C, for the near water effects was not a 

function of time like the helical component of the storm, it would not reduce over time, 

and would then tend to dominate at large times. This was obviously not desirable, so the 

temporal variation equation was modified as follows. 

 

( ) 0t

sxs
eCcRMcv

α−
−−+= (4) 

 Here, the correction term, C, is placed with the other velocity components that 

decay exponentially over time. For the sake of simplicity and ease of reading, this 
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correction is made here to only the temporal decay equation, rather than equation 3. The 

same correction obviously applies to equation 3, it is simply easier to see in the temporal 

only equation as it contains fewer terms. The other change is that the time variable has 

been changed from t to t0. This change reflects the fact that the hurricane does not begin 

to decay until after it has made landfall. For values of t less than t0, we do not wish the 

storm to decay in the model. 

 It was quickly noted from examination of real wind fields for storms passing from 

over water to over land that the R factor, taken to be 0.9, did not appear to take this value 

for real storms. Examination of the variation in wind speed as a storm passed from over 

water to over sea showed that R was dependant on wind speed, and usually much less 

than 0.9. R generally varied between 0.7 and 0.8 as a rough approximation. The eventual 

Los Alamos storm model incorporated a fit of the variation in the value of R for changing 

wind speed instead of considering it a constant. 

 The figure below is a snap shot of hurricane Frances’ first landfall in Florida in 

20045. The over land reduction in wind speed as the storm winds cross from over water to 

over land can be seen clearly in this figure, particularly to the north of the storms eye. 

This is the effect of the factor R. 
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Figure 3 – Hurricane Frances Landfall wind field 

 

 

 

With these corrections, Los Alamos model for the overland decay of tropical storms was 

created by Ken Werley and Andy Mc Cown. The model was named CICLOPS. Cyclone 

induced commercial loss of power simulator. 
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CICLOPS 

 

CICLOPS is capable of producing many different types of outputs, and more were added 

during its development. It is primarily employed, however, to produce electrical power 

outage predictions for tropical storms. The CICLOPS code produces a spatial map that 

records, amongst other things, the maximum wind speed experienced at every point in the 

grid being modeled, as a storm moves through it.  

The Kapalan and DeMaria paper indicates that a large amount of the damage 

caused by hurricanes is the product of the sustained wind speed felt at any point during 

the storm. Previously, hurricane models had considered storm surge to be the primary 

cause of damage during a hurricane. The NISAC team at Los Alamos has typically 

modeled damage to the electrical power grid due to wind speed as a direct map of wind 

speed to percentage damage (to the electrical power system). This map is described in the 

following table. 
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Table 2 – Map of Wind Speeds to % damage to electrical power grid 

% Damage          Wind Speed [mph] 

0 < 25 

                                            25                         25 - 40 

                                            50                         40 - 50 

                                            75                         50 - 65  

                                          100                           > 65                 

  

The CICLOPS model is used mainly to create damage polygons by mapping the 

wind speeds it calculates to percentage damage. Using this map, 50% damage, for 

example, means that 50% of the customers in the 50% damage region are without 

electrical power. If an area received a maximum sustained wind speed of between 40 and 

50mph, 50% of the customers in that area could expect to be with out power. This 

damage map has been somewhat validated using actual outage figures after various 

storms. There are an enormous amount of factors that can affect the exact amount of 

damage a storm does to an area, so in reality there can be considerable scatter in this 

damage map. On the whole, this map is a very good indicator of the damage done to an 

area, based on the maximum sustained wind speed occurring in that area. This damage 

map is only valid for the regions typically affected by Hurricanes, for example the state 

of Florida, and the gulf coast. A similar map would have to be produced to make 

predictions in other regions, since these damage numbers are primarily a product of the 

amount and type of local foliage. Most electrical power losses during hurricanes are due 

to falling trees and branches damaging power lines. It follows, therefore, that where there 
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are fewer, more, or different trees, the speeds needed to cause a certain damage will be 

different. 

There are many other factors that contribute to the actual damage caused by a 

hurricane. Not least of these are tree trimming practices, and how long it has been since a 

hurricane last affected an area. This is the case because if a hurricane has recently passed 

through an area and caused damage to the electrical power system due to falling trees and 

branches, those trees and branches cannot be damaged again by a subsequent hurricane a 

short time later (since they are already damaged). 

In order to run the CICLOPS code, it is necessary to know the values a and rx 

from Eq 4. It was previously stated that these values could be calculated by 

computationally solving Eq 4 using some known data points. These data points can be 

obtained from the hurricane predictions produced by the National Hurricane Center. For 

an incoming hurricane, the NHC advisories give the radii of the 64kt, 50kt and 34kt 

winds in each quadrant of the storm. These wind speeds correspond to the speeds that 

define a hurricane, a tropical storm, and a tropical depression. The following is an excerpt 

from an NHC advisory on hurricane Frances issued for September 4th, 2004 at 0300Z. 

 

HURRICANE CENTER LOCATED NEAR 26.1N  77.8W AT 04/0300Z 

POSITION ACCURATE WITHIN  15 NM 

  

PRESENT MOVEMENT TOWARD THE WEST-NORTHWEST OR 295 DEGREES AT   5 KT 

  

ESTIMATED MINIMUM CENTRAL PRESSURE  960 MB 

EYE DIAMETER  40 NM 

MAX SUSTAINED WINDS  90 KT WITH GUSTS TO 110 KT. 
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64 KT....... 95NE  60SE  45SW  75NW. 

50 KT.......145NE 100SE  80SW 110NW. 

34 KT.......175NE 160SE 120SW 150NW. 

12 FT SEAS..350NE 180SE 180SW 350NW. 

WINDS AND SEAS VARY GREATLY IN EACH QUADRANT.  RADII IN NAUTICAL 

MILES ARE THE LARGEST RADII EXPECTED ANYWHERE IN THAT QUADRANT. 

 

Much of the information needed to run the CICLOPS code in contained in this 

part of the advisory. Mx, the maximum wind speed for the storm is contained here, and in 

this case is 90kt. Also there are the wind radii in each quadrant for the three wind speeds 

described above. The quadrant with the largest radii is used to determine the values of a 

and rx since in this quadrant, the maximum wind speed has the translational component of 

the storms winds additive to the helical component. 

From this data, it is possible to calculate three values for each a and rx since there 

are three different pairs of radii and velocity that might be chosen. The constants could, 

for example, be calculated using the radii from the 64kt and 50kt winds, or the 64kt and 

34kt winds. 

Another program was written to perform this calculation, called NOMAN, 

Navigating Over Meteorological Advisories of NOAA. This program was so called 

because in its final form, it is able to read the data it needs directly from the NOAA 

advisories and produce the constants needed for CICLOPS, but originally, these were 

input manually along with maximum wind speed to produce the constants. The program 

worked by varying a, and calculating the corresponding value of rx for both sets of radii 

and velocities. This produces two curves, the intersection of which gives the true values 

for a and rx.  
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The final pieces of information CICLOPS needed to run was a description of the 

track of the hurricane. This could be supplied as a series of coordinated of longitude and 

latitude and the times the storm would arrive at these points. The NOAA advisories give 

the hurricanes current position in this form, and predictions for its position at later times 

based on their own track models. In an operational scenario, where CICLOPS was being 

used to make predictions for an incoming storm, these values would be used to describe 

the track. For many of the testing operations carried out, however, the current position of 

the hurricane would be taken from a series of advisories over time, and its actual track 

plotted from this. Obviously, this cannot be done in a real scenario, but its purpose was to 

give the CICLOPS code the most accurate possible information about the hurricane, so 

that its prediction could be compared with the known reality of historical storms. The 

question was, given perfect information; how good a prediction could CICLOPS 

produce? 

 

CICLOPS was tested by running its code using data from previous storms, and 

comparing CICLOPS’ output with the actual data available for the storms in question. 

The CICLOPS outputs were also compared against the predictions of the older heuristic 

method. Running the CICLOPS code on several different hurricanes produced some 

interesting observations and quickly illustrated some of the limitations of the older 

method of damage estimation. The following figure is one of the early CICLOPS 

predictions for Hurricane Frances which struck Florida in 2004 and a prediction for 

hurricane Frances produced using the old method. The CICLOPS output is on the left, the 

old prediction on the right.  



 22 

 

 

 

                                                                                                           Figure 5- Heuristic Frances prediction 

 

 The purple area in the CICLOPS prediction represents areas damaged to some 

extent by the hurricane. The innermost region is 100% damage to the electrical power 

system; the next region is 75% damage, then 50%, then 25% damage. White areas are 

either undamaged or over sea (and therefore not of interest when considering the 

electrical power damage). 

 The heuristic model’s prediction is in the form of a 10mph increment wind swath, 

and not the damage contours the CICLOPS prediction depicts. Never the less, it is 

immediately obvious that the heuristic model’s prediction is of a much, much narrower 

Figure 4 –CICLOPS Frances prediction 
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storm, and therefore of limited damage except near the track of the storm. This is because 

hurricane Charley was used as the analog storm for this prediction. 

 While hurricanes Frances and Charley were both category 4 hurricanes, their 

behavior was very, very different. Hurricane Charley was a very fast moving, narrow 

storm that caused massive damage but over a very narrow path. Hurricane Frances, on the 

other hand, was a very wide, slow moving storm that caused damage over a much wider 

area. Because of these differences, using hurricane Charley as an analog to hurricane 

Frances is extremely problematic, even though they are of the same category, and in the 

same region. This comparison alone illustrates why it is desirable to model storms based 

on their individual characteristics, rather than attempt to make predictions based on what 

other, seemingly similar storms have done in the past. 

 There are other interesting aspects of note in this prediction for hurricane Frances. 

It can be seen that the damage contours produced are almost perfectly semi circular. At 

first, it was thought this was a problem with the CICLOPS code. It was thought that 

perhaps the code was not calculating the storms movement along its track correctly. But 

on closer examination, it was apparent that the cause was the very slow speed of 

hurricane Frances. Frances moved along its track so slowly (by the standards of 

hurricanes), that its overland decay reduced its intensity very, very quickly. The result of 

this was that for a large part of the region affected by the storm, the highest sustained 

wind speed experienced occurred around the time the storm made landfall. Its decay after 

land fall occurred approximately at the same rate as its translational speed moved it along 

the track; therefore its translation never moved it fast enough to bring higher wind speeds 

to areas it crossed over. This is unusual for a hurricane, and it was something that hadn’t 



 24 

previously been considered when making damage predictions for hurricanes. Already, the 

CICLOPS code was providing new insights. The predictions made by CICLOPS for 

Frances were compared to the actual wind field recorded as the storm passed by NOAA, 

and good agreement was found. 

 As has been alluded to previously, hurricane Charley was a rather atypical storm. 

It was a very narrow, very fast moving storm. Using data from NOAA recorded after the 

storm, hurricane Charley was reproduced using the CICLOPS code. It was of interest to 

run hurricane Charley, to see if the CICLOPS code could accurately model unusual 

storms. The following figure shows a CICLOPS output for hurricane Charley overlaid on 

the NOAA wind field recorded for the real storm. 

 

Figure 6 – CICLOPS Charley prediction 
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The central, dark green region is the 100% damage area, the next area outwards is 

the 75% area, and so on. It can be seen from this figure that the track used to produce the 

Charley prediction diverges a little from the real wind field. This is a result of 

inaccuracies in the hurricanes position taken from the real time data the track was based 

on. Never the less, it can be seen that Charley is indeed a much narrower storm than 

Frances. There are also several other features of note in this figure. It has been previously 

discussed that the maximum wind speed for a hurricane occurs to the “right” of the 

hurricanes track. It has also been stated that the translational speed of the hurricane is 

additive to the helical speed of the hurricane to the “right” of the track, and subtractive to 

the “left”. This asymmetry is very obvious with hurricane Charley, because of its high 

translational speed. It can be seen that the width of the contours to the north, “left”, of the 

track are much narrower than those to the south, “right”, of the track. This is another 

important effect in hurricane damage predictions, and hurricane Charley provided a good 

test of CICLOPS in producing this effect. This asymmetry is also an effect that is hard to 

produce using the old, heuristic method, since the old method does not model the wind 

velocity directly. Therefore, the asymmetry produced by the translational speed of the 

hurricane is extremely difficult to replicate accurately by hand. 

Another effect that can be seen in this prediction for hurricane Charley that 

became very important in the development of the CICLOPS code is the size of the 25% 

damage area. In the above figure, the white area represents the extent of the 25% damage 

area for Charley, and it can be seen that it includes almost the entire area of the state of 

Florida. 
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CHAPTER 4 

 

Hurricane Ivan 

 

Hurricane Ivan was used extensively for testing of the CICLOPS code. Ivan was a 

category 3 hurricane that struck just west of Gulf Shores, Alabama on September 16th, 

2004. Hurricane Ivan was in many ways, as close to a typical hurricane as can be found. 

Its peak wind speeds at land fall were around 105kts. It was a large storm, although not 

overly large for a category 3 storm, and its transversal speed was very average at 10 to 

14kts. It also struck the east-west Alabama coast line almost perpendicularly, heading 

almost due north at landfall. This was a useful feature in testing for several reasons, 

including the fact that this meant the storm moved directly away from the sea, causing the 

correction term due to being near water to play no significant role in the storms behavior. 

It also allows for careful examination of the storms asymmetry due to translational speed. 

 

The program used to generate values for the constants a and rx can calculate these 

values in three different ways, depending on which pair of the three known velocities and 

radii that are used from the NOAA advisories for the storm in question. It was observed, 

particularly in the case of hurricane Ivan, that depending on which pair of values were 

chosen, the values for a and rx could be significantly different. The following figures 

show the three different extents of the damage areas predicted for Hurricane Ivan, using 

the three different size parameters calculated. 
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Figure 7  - CICLOPS Ivan 1     Figure 8 – CICLOPS Ivan 2 

 

Figure 9 – CICLOPS Ivan 3 

 

The difference in the extent of these predictions is very large. The largest of the 

predictions has hurricane Ivan causing 25% damage to the electrical power system deep 

into the state of Florida. Data from after Ivan indicated that this did not occur. Damage 

was only recorded in the extreme north west of the state of Florida. These predictions 

also show the asymmetry of Ivan quite clearly. In all cases, the difference in extent of the 

“right” side of the storm, from the left side is extremely apparent. The asymmetry is 
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much more obvious with Ivan than with Frances, since Ivan was a faster moving storm. 

The asymmetry for Charley is even greater, but being a much narrower storm, the details 

of the asymmetry are not as obvious as with Ivan. 

For these predictions, the prediction with the smallest damage area was 

considered to represent the reality of the damage from hurricane Ivan most closely, based 

on information available regarding electrical power outages from the storm. The forms of 

all three predictions agreed rather well with the actual recorded wind field of hurricane 

Ivan, as the following figure 

shows.

 

Figure 10 – CICLOPS Ivan prediction overlaid with real windfield 
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This figure is the real wind field for Ivan, from NOAA, overlaid on the smallest 

prediction of Ivan’s damage area. The basic form of the contours very closely matches 

the real wind field. This is a very good validation of CICLOPS’ modeling. There was, 

however, an obvious problem with the predictions produced. The 25% damage area even 

in the smallest of the predictions was much larger than the real wind field indicated, 

particularly to the “right” of the storm. This phenomena required more study. Even given 

this flaw, however, the CICLOPS model was much more accurate than the heuristic 

prediction for Ivan. The following figure shows the old heuristic prediction for Ivan 

overlaid onto the best CICLOPS prediction. 

 

Figure 11 – Heuristic prediction overlaid on CICLOPS Ivan prediction 

 

The heuristic prediction exhibits much less asymmetry than the CICLOPS 

prediction, and also is of a more simplistic shape, matching the real storm less closely. 

This is to be expected, given the lack of physical modeling in the old method, and the 

comparison illustrates clearly the advantages of using the CICLOPS code. 
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Size Parameters 

 

Previously, it was seen that there is a high dependence on the values of a and rx in 

the extents of the damage areas predicted by CICLOPS. These constants are the size 

parameters for a storm. The smallest extent was taken to be most reflective of reality for 

Ivan, and this proved generally to be the case for other storms modeled by CICLOPS. 

One of the assumptions for the calculation of the two constants had been that the most 

accurate value for these would come from solving velocity equations using the radii for 

the 64kt and 34kt winds from NOAA advisories. The reason for this was that these values 

cover the largest spatial distance through the hurricane of any of the three possible 

combinations or data points, and therefore should be most representative of the entire 

hurricane. The data from hurricane Ivan did not support this conclusion, however. It was 

found that the most accurate prediction (the smallest one) was actually the result of the 

constants calculated from the 64kt and 50kt radii. Using the radii from the NOAA 

advisory immediately prior to Ivan’s landfall gave values of a and rx of 0.38 and 15.6nm 

respectively. The values of these constants obtained using the other pairs of radii (64kt 

and 34kt, 50kt and 34kt) were significantly lower and hence produced a larger storm. It 

was of interest, then, to attempt to calculate the “real” value of these constants for 

hurricane Ivan. One way to do this was to obtain data on the instantaneous wind field of 

Ivan, just before landfall. NOAA provides such data. The figure on the following page is 

such a snap shot. These snap shots give the maximum winds for the storm, and also the 

radii they were observed to occur at. This radii is our constant, rx. It can be seen from the 

snap shot, rx for Ivan at this point in time was 19nm. The best CICLOPS prediction was 

15.6nm, but it should be noted that this snap shot represents the real data available on the 
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storm, after the fact. The CICLOPS prediction was based on the much rougher 

information given in the NOAA advisories prior to the storm. Given this, CICLOPS’ 

prediction is quite close to the real value. Using this radius as one point, the velocity 

equation can be solved using velocities at other radii taken from this snap shot. The snap 

shot in the figure is merely an image of the data available, a GIS file of the actual wind 

field is also available and this was used to obtain velocities at different radii from the eye 

of the hurricane. The radii used are along the right orthogonal to the storms track, in this 

case, a line almost due east. 
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Figure 12 – Ivan landfall wind swath snap shot 
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The following table shows the calculated values of the constant a using the 

maximum wind speed radius as one point, and the listed radii and velocities for other 

points, to solve the simultaneous velocity equations.  

Table 3 – Variation of size parameter a for single storm 

 

r(nm) v (kt) a 

21.8 94.8 0.941 

42.55 84.73 0.387 

63.17 70.59 0.413 

84.43 60.11 0.407 

107.04 54.13 0.374 

126.99 49.51 0.364 

170.19 35.32 0.413 

210 22.91 0.535 

 

It can be seen that both very close to the eye of the hurricane, and very far away, 

the values for a tend to be significantly different from the values calculated at 

intermediate points in the storm. This is to be expected. Very close to the eye, the 

velocity difference between the maximum wind speed for the hurricane and the speed a 

small distance away is not large. Therefore using points close to the maximum velocity 

point to calculate a will result in a large error. At the other extreme, at large r, boundary 

effects start to have an influence on the wind speed, and this leads to a large error in the 

calculation of a. The value for a calculated by NOMAN for Ivan, 0.38, is within the range 

of the calculated values from this table that are not at the extremes of radius. 
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It should be noted that the table was formed from data that is as close to perfect as 

is available for Ivan. The NOMAN calculated values for the constants use the velocity 

radii given by NOAA hurricane advisories prior to landfall. There is considerably more 

error in the data from the advisories than in the after storm data, although it is hard to 

quantify exactly how much error. The NOAA advisories are composed using data from a 

variety of sources. Some of the data is directly measured by aircraft, ships, ground 

stations and other sources. Other data is calculated based on NOAA’s models. It is 

difficult to know after the fact where each piece of data came from, and effectively 

impossible to know when the advisory first comes out, which is when it would be used in 

a CICLOPS prediction. This being the case, it is clear from this data that NOMAN is 

capable of calculating an accurate value for both a and rx from the data available in an 

advisory. There are many reasons why different values for these constants are obtained 

by using different pairs of velocities and radii from an advisory. A real hurricane is not as 

uniform as the CICLOPS model. There are local effects all throughout the storm that can 

affect small parts of the hurricane. These could include properties of the ocean water the 

hurricane is passing over and atmospheric effects near the hurricane amongst many 

others. It is extremely difficult to know all the variables that can have an effect on the 

hurricane, and how they may interact. As such, there are many aspects of a storm that can 

deviate significantly from what otherwise might be expected, and it is difficult to 

recognize these effects in real time. Given this, it is difficult to establish a definite pattern 

with regard to which velocity radii to take from advisories in order to give accurate size 

parameters for a storm. Very generally speaking, it has been observed that the sets that 

produce the smallest size parameters tend to be more representative of storms than the 
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other sets. However, there exists great variability in hurricanes so care must be taken 

when selecting these size parameters. 

 

Storm extent 

 

CICLOPS predictions for hurricane Ivan all exhibited a very large 25% damage 

area to the “right” of the storm. In all cases, this damage area was found to be larger than 

the actual damage area taken from the post storm wind field. This problem again 

occurred when the NISAC team was activated to predict the effects of hurricane Dean in 

September of 2007. It was found that the CICLOPS code produced larger 25% damage 

areas than could be justified from real wind field data available post storm. Previously, 

damage predictions for hurricane Charley were presented, and it was seen that the 25% 

damage area for Charley encompassed the entire state of Florida. As with the large 25% 

damage area for Ivan, this damage did not occur in reality. 

It was quickly noticed that the source of this problem was the way translational 

speed for a storm was treated in the CICLOPS code. The Kapalan and DeMaria paper 

CICLOPS is based on treating the translational speed of the storm as additive to the 

helical part of the storm across the entire extent of the storm. In the case of a fast moving 

storm like hurricane Charley (who’s speed was approximately 21mph at land fall), the 

helical portion of the storm can be extremely small but when added to the storms 

translational speed, it can easily exceed the 25mph lower limit for 25% damage to the 

electrical power grid. In fact, if the storm were to be a little bit faster than Charley and 

had a translational speed of 25mph, the extent of its 25% damage area would be infinite. 
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This obviously makes no physical sense, so some way was sought to constrain the 

additive effect of the translational speed on the storm. A correction term was added to the 

velocity equation to rapidly damp the wind velocity of the storm when it dropped bellow 

17kts. This did have the desired effect of reducing the 25% damage area while leaving 

everything else the same, but it was a purely empirical correction and somewhat 

arbitrary. A way was sought to achieve this same dampening effect, without the use of 

some sort of arbitrary cut off point. It was thought that one way to do this would be to 

have some sort of decay apply directly to the translational speed term in the velocity 

equation. It was thought that a 1/r type decay might be appropriate so the translational 

speed term was modified as follows. 

 

cs  →2 cs r rx  / (r
2+ rx

2) 

 

The intent of this is to allow the maximum speed of the hurricane to still occur at  

r = rx and thereafter to have the translational term decay as 1/r. This change also had the 

intended effect of reducing the 25% damage area, but it also produced the unforeseen 

effect of altering the asymmetry of the storm as r increased. Because the translational 

speed term is decaying and it is the translational speed that produced the asymmetry, at 

larger r the storms asymmetry is greatly reduced. This effect does not appear to occur in 

reality, from examination of real wind fields. The following figure illustrates this loss of 
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asymmetry.

 

Figure 13 – CICLOPS Ivan prediction using 1/r decay adjustment term 

 

This, again, is hurricane Ivan. It can be seen here, that the width of the damage 

contours to the east and west of the hurricanes track are very similar in extent. This, 

again, does not represent reality. The factor of two in the corrected translational speed 

term was then changed to a variable so the effects of altering this constant could be 

observed. Changing this constant from 2 to 0.25 produced the following damage map. 
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Figure 14 – CICLOPS Ivan prediction with 0.25 factor added to 1/r decay adjustment term 

 

Varying the constant up to 4 produced this wind damage map. 

 

 

Figure 15 – CICLOPS Ivan prediction with factor of 4 added to 1/r decay term 

 

 When the constant is changed to 4, the asymmetry begins to return, where as at 

0.25, all asymmetry is lost throughout the storm. The difficulty with this modification to 

the translational speed term is that changing the constant to 4 increases the maximum 

translational speed to twice its previous value, an effect with absolutely no physical 

justification. As such, the dampening effect previously tested seems to provide the best 

data, rather than the 1/r decay approach. There is an effect at the boundary of the storm 
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where the atmosphere outside the storm system begins to have a breaking effect on the 

hurricane winds. This is why hurricanes are not infinite in extent. The dampening term 

currently part of the CICLOPS code simulates this effect, though the precise physical 

mechanism for this has only been modeled empirically. Further study into the dampening 

effect may result in a more physically based inclusion of this term. 
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CHAPTER 5 

 

Humberto 

 

 Hurricane Humberto struck the Texas coast to the east of Houston on September 

13th, 2007. Although the NISAC team was not activated to produce a prediction for 

Humberto, since it was only just a category 1 hurricane, it was used as a test of CICLOPS 

after the fact. 

 Humberto was a weak category 1 storm prior to landfall, with hurricane force 

winds in only one of four quadrants. It was also a relatively slow moving storm, its speed 

being a little over 8mph just prior to landfall. The following figure shows the CICLOPS 

damage prediction for hurricane Humberto based on the NOAA advisory immediately 
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prior to the hurricanes landfall. 

 

Figure 16 – CICLOPS Humberto prediction 

 

 The red area represents 100% electrical power loss, orange is 75%, yellow 50% 

and green is 25% loss of electrical power. 

 On examination of the post storm wind field produced by NOAA, it was found 

that the extent of the damage produced by Humberto was much greater than the 

CICLOPS prediction indicated it should be. On examination, it was found that Humberto 

increased in velocity and translational speed quite dramatically between the last pre land 
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fall advisory, and actually making landfall. CICLOPS does not, and cannot account for 

sudden, unpredictable changes like this, obviously. The exercise demonstrated that 

hurricanes can be very unpredictable systems whose size and speed can change 

drastically in defiance of the best predictions available. Obviously there is no accounting 

for this kind of behavior in the CICLOPS code; this is the province of the hurricane 

prediction tools of NOAA. 
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CHAPTER 6 

Conclusion 

 

 The CICLOPS code represents a huge leap forward in the modeling of hurricane 

damage to the electrical power grid. Compared to the older methods employed, 

CICLOPS models storms in a realistic physical manner and has been shown to correctly 

predict some of the more unusual behavior of various storms. Given perfect information, 

the agreement in the predictions of CICLOPS and the data available after the fact is 

remarkable. 

 Of course, in a real situation, the information available to CICLOPS is not perfect. 

It is based on the best predications of wind field and track available from NOAA before a 

storm strikes. While these predictions are quite accurate, the errors in the track alone 

produce errors in the damage prediction that dwarf any systematic errors in CICLOPS 

operation. As such, the CICLOPS code as it stands is much more than adequate for the 

task of predicting damage from incoming hurricanes. Further development on CICLOPS 

might focus on the dampening effect of boundary air layers at the maximum extent of a 

hurricane, and perhaps find a way to physically model this, rather than the current 

empirical method. 
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Appendix A – Sample CICLOPS input file 

 
rx___Mx___cs____a___alfa 
19.05 97.0 16.3 0.40 0.095 
np_nl 
11  7 
 lon_p____latp___tp 
-86.6000 24.20   0.0 
-87.2000 25.10   6.0 
-87.8000 26.10   12.0 
-88.0000 27.30   18.0 
-88.3000 28.40   24.0 
-88.1000 29.30   30.0 
-87.8600 30.23   33.49 
-87.7000 30.90   36.0 
-87.5000 32.00   42.0 
-87.0000 33.10   48.0 
-86.2000 34.30   54.0 
ncol_nrow_lonll_latll_dl 
120 150 -92.00 22.0 0.10 
 dt_ntim_dbe4 
0.25 300 30 
 landFilename 
eus.mif 
  fc__Rs_lowvdmp_ftrns__physicalswitches 
 0.0 1.0  0.0    1.0 
iwrt 
 -2 
//ln1: rx[nm] Mx[kt] cs[kt] a alfa =STORM PARAMS (note, code uses mi. & mph) 
//ln2: np=#ofPtsDefiningStormPath, nl=landfall point  =STORM PATH 
//ln3: lonp[degr] latp[degr] (tp[hr]) 
//ln3continued:   etc... np 
//ln4: ncol nrow lonll[degr] latll[degr] dl[degr]     =DEFINE THE MESH 
//ln5: dt[hr] ntim=number of time steps to calc storm =TIME STEP INFO 
//            dbe4=#_of t-steps before hitting shore 
//ln6: landname=land boundary filename                =LAND FILENAME 
//ln7: fc=overland correction factor                  =PHYSICALswitches 
//     Rs=wind-resistance formula switch (=1, use Andy's fit; =0, R=0.9) 
//     lowvdmp=low-v damping (if vth<15.)(=0=no damping, >0 = greater damping) 
//     ftrans=use spatial decay wind translation model (=0 use constant) 
//ln8: iwrt =OUTPUT MODE 
       =-2 = only write grid & EP damage areas windp4.mif & windr4.shp files 
                    & special wind-range areas windp1.mif & windr1.shp files  
       =-1 = only write dv=10mph areas windp10.mif & windr10.shp files 
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       = 0 = only write grid file 
       = 1 = only write grid & EP damage areas windp4.mif & windr4.shp files 
       = 2 = only write grid & 10mph windstep (pre-shape) 2.mif files 
       = 3 = write 0&2 & 10mph windstep (for PSA) windp2.mif files 
       = 4 = write 0&2-4 & wind vector @ final time windv.mif file 
       = 5 = write 0&2-4 & benchmark (kt) wind.mif files 
       = 6 = write 0&2-4, including pre-grid check and runtime data 
       = 7 = write 0&2-4, including .grd-like lon/lat/time_of_Max_wind data 
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Appendix B – Sample NOMAN input file 

 

1 125369ivan49.shtml eus_rgh.mif irdf filename landfilename_Ivan 
0.7 ftrns 
97.0 12.5 Mx_kt cs 
50. 95. v1 r1_nm 
34  140. v2 r2 
 
//input definitions: 
// irdf = 0 = read and use lines 2-4 and compute a & rx 
//      = 1 = read and use data from NOAA & land files, (skip lines 2-4) 
//                                              and compute a & rx 
// filename = NOAA forecast filename saved from NOAA web page 
//            e.g., 150831.shtml 
// land     = land definition filename, e.g., eus.mif 
// Mx [kt]  = max wind at landfall 
// cs [kt]  = storm translational speed 
// v1 [kt]  = #1 wind speed 
// r1 [nm]  = distance from "eye" to v1 
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Appendix C – Python program written to compare heuristic and automated 

methods 

 

file1 ='track17C.txt' 
file2 = 'track17D2.txt' 
contents1 = open(file1).readlines() 
contents2 = open(file2).readlines() 
data1 = contents1[6:] 
data2 = contents2[6:] 
intLines1 = [] 
intLines2 = [] 
for line in data1: 
 temp = '' 
 dataValues = [] 
 for i in range(len( line )): 
            #parse text--looking for spaces 
  if line[i] != ' ': 
   temp = temp + line[i] 
  else: 
   dataValues.append(int(temp)) 
   temp = '' 
  if i == len(line) - 1: 
   #dataValues.append(int(temp)) 
   temp = '' 
 intLines1.append(dataValues) 
for line in data2: 
 temp = '' 
 dataValues = [] 
 for i in range(len( line )): 
            #parse text--looking for spaces 
  if line[i] != ' ': 
   temp = temp + line[i] 
  else: 
   dataValues.append(int(temp)) 
   temp = '' 
  if i == len(line) - 1: 
   #dataValues.append(int(temp)) 
   temp = '' 
 intLines2.append(dataValues) 
result = 0 
Hundred = 0 
Hundred2 = 0 
HundredC = 0 
Seventyfive = 0 



 49 

                                                                                                                                                 
Seventyfive2 = 0 
SeventyfiveC = 0 
Fifty = 0 
Fifty2 = 0 
FiftyC = 0 
Twentyfive = 0 
Twentyfive2 = 0 
TwentyfiveC = 0 
Similarfrac = 0 
User100 = 0 
User75 = 0 
User50 = 0 
User25 = 0 
Prod100 = 0 
Prod75 = 0 
Prod50 = 0 
Prod25 = 0 
for i in range(len(intLines1)): 
    for j in range(len(intLines1[i])): 
        if intLines1[i][j] == intLines2[i][j]: 
            result = result + 1 
#Compare values in each array, counting total numbers of each value, and 
#if they coincide 
for i in range(len(intLines1)): 
    for j in range(len(intLines1[i])): 
        if intLines1[i][j] ==  100: 
            Hundred = Hundred + 1 
        if intLines1[i][j] == 75: 
                Seventyfive = Seventyfive +1 
        if intLines1[i][j] == 50: 
                Fifty = Fifty +1 
        if intLines1[i][j] == 25: 
                Twentyfive = Twentyfive +1 
for i in range(len(intLines2)): 
    for j in range(len(intLines2[i])): 
        if intLines2[i][j] ==  100: 
            Hundred2 = Hundred2 + 1 
        if intLines2[i][j] == 75: 
                Seventyfive2 = Seventyfive2 + 1 
        if intLines2[i][j] == 50: 
                Fifty2 = Fifty2 + 1 
        if intLines2[i][j] == 25: 
                Twentyfive2 = Twentyfive2 + 1 
for i in range(len(intLines1)): 
    for j in range(len(intLines1[i])): 
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        if intLines1[i][j] == intLines2[i][j] and intLines1[i][j] == 100: 
            HundredC = HundredC + 1 
        if intLines1[i][j] == intLines2 [i][j] and intLines2[i][j] == 75: 
                SeventyfiveC = SeventyfiveC + 1 
        if intLines1[i][j] == intLines2 [i][j] and intLines2[i][j] == 50: 
                FiftyC = FiftyC + 1 
        if intLines1[i][j] == intLines2 [i][j] and intLines2[i][j] == 25: 
                TwentyfiveC = TwentyfiveC + 1 
 
 
count = 0 
for line in intLines1: 
        count = count + len(line) 
counT = 0 
for i in range(len(intLines1)): 
        counT = counT + len(intLines1[i]) 
 
Similarfrac = (float(result)/count)*100 
SameHundred = (float(HundredC)/Hundred)*100 
SameSeventyfive = (float(SeventyfiveC)/Seventyfive)*100 
SameFifty = (float(FiftyC)/Fifty)*100 
SameTwentyfive = (float(TwentyfiveC)/Twentyfive)*100 
User100 = (float(Hundred2)/Hundred)*100 
User75 = (float(Seventyfive2)/Seventyfive)*100 
User50 = (float(Fifty2)/Fifty)*100 
User25= (float(Twentyfive2)/Twentyfive)*100 
Prod100= (float(HundredC)/Hundred)*100 
Prod75 = (float(SeventyfiveC)/Seventyfive)*100 
Prod50 = (float(FiftyC)/Fifty)*100 
Prod25 = (float(TwentyfiveC)/Twentyfive)*100 
string = 'Number of elements: '+str(counT) 
string = string +'\n'+'Number of common elements: ' 
string = string +str(result) 
string = string +'\n'+'Percentage common: '+str(Similarfrac) 
string = string +'\n\n'+'Number of 100\'s in original: '+str(Hundred) 
string = string +'\n'+ 'Number of 100s in New version: '+str(Hundred2) 
string = string +'\n'+'Percentage of 100\'s common: '+str(SameHundred) 
string = string +'\n'+'Number of 100s common: '+str(HundredC) 
 
string = string +'\n\n'+'Number of 75\'s in original: '+str(Seventyfive) 
string = string +'\n'+ 'Number of 75s in New version: '+str(Seventyfive2) 
string = string +'\n'+'Percentage of 75\'s common: '+str(SameSeventyfive) 
string = string +'\n'+'Number of 75s common: '+str(SeventyfiveC) 
 
string = string +'\n\n'+'Number of 50\'s in original: '+str(Fifty) 
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string = string +'\n'+ 'Number of 50s in New version: '+str(Fifty2) 
string = string +'\n'+'Percentage of 50\'s common: '+str(SameFifty) 
string = string +'\n'+'Number of 50s common: '+str(FiftyC) 
 
string = string +'\n\n'+'Number of 25\'s in original: '+str(Twentyfive) 
string = string +'\n'+ 'Number of 25s in New version: '+str(Twentyfive2) 
string = string +'\n'+'Percentage of 25\'s common: '+str(SameTwentyfive) 
string = string +'\n'+'Number of 25s common: '+str(TwentyfiveC) 
 
string = string +'\n\n'+'100 User error: '+str(User100) 
string = string +'\n'+'75 User error: '+str(User75) 
string = string +'\n'+'50 User error: '+str(User50) 
string = string +'\n'+'25 User error: '+str(User25) 
 
string = string +'\n\n'+'100 Producer error: '+str(Prod100) 
string = string +'\n'+'75 Producer error: '+str(Prod75) 
string = string +'\n'+'50 Producer error: '+str(Prod50) 
string = string +'\n'+'25 Producer error: '+str(Prod25) 
 
 
open("comparison.txt", 'w').write(str(string)) 
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