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ABSTRACT 

 

The Dvorak satellite technique is a relatively accurate, reproducible method for operationally 

estimating tropical cyclone intensity and position. We study the accuracy and potential biases of the method 

for Northern Atlantic and East Pacific storms from 2009 to 2016 as developed by two different agencies (the 

Tropical Analysis and Forecast Branch and the Satellite Analysis Branch), as well as one objective technique 

(the Automated Dvorak Technique). The products of each agency contribute significant skill to a multi-group 

consensus. The combination of the three groups helps lower mean absolute error of the consensus, which is 

found to be 2.63%, 20.6%, and 35.9% smaller than TAFB, SAB, and ADT, respectively. This implies that 

using a consensus average of Dvorak estimates is generally better than using any one individual group. The 

Dvorak Technique needs modification for cases when storms are weakening. Taking the average of the Current 

Intensity number and the T-number for weakening storms only improves the predictive skill of the Dvorak 

Technique for weakening systems for TAFB. This work affirms that, as a whole, the multi-group Dvorak 

consensus is improved by each constituent part, and that more research should focus on modifying the 

technique to better suit current understandings of tropical cyclone development.  
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Chapter 1  
 

Introduction  

 The Dvorak satellite technique (DT), originally developed in Dvorak (1975), is a satellite pattern 

recognition scheme used operationally by numerous tropical weather forecasting centers to estimate the 

intensity of tropical cyclones. For several decades, hurricane specialists and researchers have been 

improving methods of quantifying tropical cyclone intensity (Knaff et al., 2003; Gall et al., 2013). Being 

able to accurately quantify tropical cyclone intensity is vital for initializing numerical weather prediction 

models and making more reliable forecasts, which both heavily rely on DT estimates (Velden et al., 

2006). While aircraft reconnaissance, buoy observations, and scatterometer data are often more accurate 

than DT for estimating tropical cyclone intensity, DT still remains arguably the best alternative when 

other data are unavailable (Velden et al., 2006). 

 DT, which works as a decision tree (Figure 1), uses only visible and infrared satellite imagery to 

estimate tropical cyclone intensity. The fundamental steps in this decision tree are to locate the system, 

estimate its intensity, choose the best intensity estimate, apply constraints, and derive a final intensity 

estimate from these constraints. Based on satellite imagery, one chooses various pattern types related to a 

particular stormôs ñcentral featuresò and ñouter banding featuresò (Dvorak, 1975) to help quantify the 

stormôs intensity. Some examples of pattern types include the eye, curved band, shear, and covered center 

patterns (Figure 2). Picking certain patterns within the DT pattern recognition decision tree eventually 

results in a set of ñtropical numbersò (Tnums) ranging from 1.0 (weakest) to 8.0 (strongest). One such 

Tnum, called the Data-T number, is solely based on cloud patterns noted in satellite imagery. However, 

the Data-T number is not always the best estimate of tropical cyclone intensity, as maximum surface 

winds in some weakening storms often remain higher than what satellite imagery suggests (Velden et al., 
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2006). Therefore, a ñModel Expected T-numberò (MET) was added to the decision tree in order to 

account for any intensity trends (Vernon, 1984). A third approach is the Pattern-T number, which simply 

matches the satellite imagery to idealized cases. Depending on what the analyst concludes is most 

representative of the convective structure, a ñFinal Tropical Numberò (T-number) is chosen between the 

Data-T, MET, and Pattern-T. Next, specific constraints noted in Table 1 are applied to the T-number that 

limit the maximum amount the storm can intensify or weaken in a given time period based on an expected 

tropical cyclone decay/strengthening model. For steady state or strengthening systems, the analystôs T-

number is used as the ñCurrent Intensityò (CI) number, which is more representative of a stormôs strength 

in terms of maximum surface wind speed. For weakening systems, the CI number is a blend of the T-

number and the 12 hour old T-number. Table 2 details these specific wind speeds for each CI. Intensity 

and position estimates using DT are often called ñfixes.ò For this research, we will refer to these fixes as 

estimates of intensity and position. 

 

Table 1. Dvorak intensity constraints (reproduced from Dvorak, 1984). 

Time Interval 

(hours) 

Intensity Change 

(T-numbers) 

6 1.0 

12 1.5 

18 2.0 

24 2.5 
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Table 2. Dvorak intensity bins (reproduced from Dvorak, 1975). The CI number is associated 

with a calibrated maximum surface wind speed. Calibration is based on aircraft measurements in the 

Northwest Pacific and Northern Atlantic basins. 

Current Intensity 
(CI) Number 

Maximum Surface 
Wind Speed  

(knots) 

1.0 25 

1.5 25 

2.0 30 

2.5 35 

3.0 45 

3.5 55 

4.0 65 

4.5 77 

5.0 90 

5.5 102 

6.0 115 

6.5 127 

7.0 140 

7.5 155 

8.0 170 
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Figure 1. The basic steps of the Dvorak Technique visualized as a decision tree 

describing how to estimate the intensity of a tropical cyclone (reproduced from Velden et 

al., 2006). 
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 Despite the overall accuracy and reproducibility of DT, notable, systematic errors still exist 

within the technique. One major source of error in the DT is due to its intensity change constraints. An 

example of a DT constraint is that a storm may only weaken or strengthen 1.0 T-number over a period of 

6 hours, as noted in Table 1. However, a storm could theoretically intensify or weaken more than what the 

constraints allow in a given time period; this is called breaking constraints. While only 2% of storms tend 

to break such constraints (Cangialosi et al., 2015), these rare cases are still likely a significant reason for 

the original DTôs mean absolute intensity errors of around 10 hPa, or roughly 15 knots (Martin and Gray, 

1993). There is also a degree of forecaster subjectivity in utilizing DT, even though DT was designed to 

be internally stable and consistent (Shewchuk and Weir, 1980). Nonetheless, DT errors have decreased 

over the years due to subsequent modifications of the technique. Currently, intensity mean absolute error 

is estimated at around 6.2ï6.4 knots (Knaff et al., 2009). Additionally, about 50% of DT intensity 

 

Figure 2. Dvorak satellite pattern types associated with each respective T-number (reproduced 

from Dvorak, 1975). 
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estimates fall within 5 knots of the National Hurricane Centerôs ground truth Best Track intensity 

estimates supported by aircraft reconnaissance (Brown and Franklin, 2004). 

 To improve DT, researchers have considered changing some of the techniqueôs constraints and 

developing new methods to better fit modern understandings of tropical cyclone development. 

Knaff et al. (2009) and Velden et al. (2006) proposed a method for improving the technique by using a 

multi-group consensus consisting of different analysts. Researchers have shown that combining analyses 

and forecasts from a variety of sources to form a consensus estimate is more skillful than using individual 

products (Sanders, 1973; Bosart, 1975; Gyakum, 1986; Vislocky and Fritsch, 1995). However, there have 

been limited in-depth statistical analyses of DT consensus estimates of cyclone intensity and position. 

Another concern with the DT approach is how the method handles rapidly weakening tropical cyclone 

cases. Based on Brown and Franklin (2004), we can apply the consensus approach to the CI and T-

number experimental average for the DT, as well. Then we can compare the control and experimental 

techniques for both the individual and consensus groups. The plan for this research is to develop a 

database of DT estimates of tropical cyclone intensity and position to develop a DT consensus. For this 

study we choose to examine DT estimates from the Tropical Analysis and Forecast Branch (TAFB), the 

Satellite Analysis Branch (SAB), and the Advanced Dvorak Technique (ADT). TAFB and SAB Dvorak 

data can be accessed with the National Hurricane Centerôs Automated Tropical Cyclone Forecast (ATCF) 

systemôs database (only accessible at the National Hurricane Center), while ADT data is located at the 

University of Wisconsinôs Cooperative Institute for Meteorological Satellite Studiesô (CIMSS) archive 

page (http://tropic.ssec.wisc.edu/misc/adt/info.html). Preliminary results on individual storm cases 

showed promise. Based on this background literature and preliminary insight, we hypothesize that by 1) 

using a multi-group consensus and 2) changing the constraints for weakening cyclones, we can improve 

the relative skill of DT.

http://tropic.ssec.wisc.edu/misc/adt/info.html
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Chapter 2  
 

Data and Methods 

Based on the previously discussed background literature, we were motivated to gather the proper 

data and apply specific methods to complete the analysis necessary to quantify any improvement in the 

Dvorak technique (DT) when using a consensus approach and when using a modified DT for weakening 

storms. In section 2.1, we review the databases used for this project and how we chose which data to 

include. In section 2.2, we review the methods and equations relevant to quantifying the skill of the 

consensus compared to the individual DT groups for estimating tropical cyclone intensity and position.

 

2.1 Data 

We first developed a database containing 889 independent Dvorak estimates (Figure 3) 

representing 212 unique tropical cyclones between 2009 and 2016 from the Northern Atlantic and East 

Pacific basins (database is available at Penn State Scholarsphere: doi:10.18113/S1CS7H). Raw data 

include the date and time of each storm, the National Hurricane Centerôs Best Track maximum surface 

wind in knots and latitude/longitude coordinates, DT intensity estimates provided by TAFB, SAB, and 

ADT, and lastly, position estimates from TAFB and SAB. Figure 4 shows an example of a case storm in 

our database. ADT position estimates were excluded, as they are considered unreliable. DT estimates are 

only listed if there are supporting aircraft data used for Best Track intensity or scatterometer data used up 

to 50 knot intensity in the Best Track within two hours of a given DT estimate, as Best Track is most 

reliable within this time constraint (Landsea and Franklin, 2013). Best Track verification data were 

retrieved from the HURDAT2 database (http://www.aoml.noaa.gov/hrd/hurdat/hurdat2-1851-2016-

https://scholarsphere.psu.edu/concern/generic_works/28049g505c
http://www.aoml.noaa.gov/hrd/hurdat/hurdat2-1851-2016-apr2017.txt
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apr2017.txt). The Automated Tropical Cyclone Forecast (ATCF) system (only accessible at the National 

Hurricane Center) provided TAFB and SAB DT estimates, while ADT estimates were taken from the 

University of Wisconsinôs CIMSS (http://tropic.ssec.wisc.edu/misc/adt/info.html). Microsoft Excel was 

utilized to create the database; the Analysis ToolPak add-in was used to perform regression analyses. 

Python was used for developing the distributions and statistical analyses. 

 

 

 

 

 

Figure 3. 889 independent samples representing 212 unique tropical cyclones plotted over the 

Northern Atlantic and East Pacific basins from 2009 through 2016. Best Track position data taken 

from the National Hurricane Centerôs HURDAT2 database (https://www.nhc.noaa.gov/data/hurdat/). 

http://www.aoml.noaa.gov/hrd/hurdat/hurdat2-1851-2016-apr2017.txt
http://tropic.ssec.wisc.edu/misc/adt/info.html
https://www.nhc.noaa.gov/data/hurdat/
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2.2 Methods 

 Mean absolute error, relative error, standard deviation, and root mean square error were 

calculated for all DT CI intensity fixes from TAFB, SAB, and ADT using Best Track as ground truth. It is 

important to note that the Best Track data is dependent on Dvorak fixes. However, the scatterometer and 

aircraft reconnaissance observations are typically used over DT when available. Since we require 

scatterometer and reconnaissance within 2 hours of a DT estimate, independence between DT estimates 

and the Best Track is better preserved. CI numbers from TAFB and SAB were converted to maximum 

surface wind speeds in knots using Table 2 so we can directly compare with Best Track data. ADT raw 

data are already in units of knots, so no conversion is necessary. Mean absolute intensity error and root 

mean square error were also calculated for TAFB and SAB distance errors, again using Best Track data as 

verification. The data were also divided into specific intensity bins based on characteristic strengths of the 

 

Figure 4. A case example of Dvorak satellite imagery. Depicted above is Hurricane Isaac: 

GOES-13 visible satellite (top left) and Dvorak infrared satellite imagery (top right), valid August 8, 

2012 at 1745 UTC (available at: https://199.9.2.143/tcdat/tc12/ATL/09L.ISAAC/). Hurricane 

specialists use this type of imagery in DT to produce both intensity and position estimates of tropical 

cyclones. 

 

https://199.9.2.143/tcdat/tc12/ATL/09L.ISAAC/
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storms (Table 3). To determine position errors, distances between Best Track and DT latitude/longitude 

coordinates were converted to nautical miles (nm). Latitude error is calculated as follows: 

 

ὒὥὸ Ὁὶὶέὶ ὒὥὸὒὥὸ ὼ φπ,    (1) 

 

where ὒὥὸ Ὁὶὶέὶ is the latitudinal error component in nm, ὒὥὸ is the DT estimated latitude coordinate, 

and ὒὥὸ is the Best Track latitude coordinate. Longitudinal error is calculated in a similar manner using 

the following: 

 

ὒέὲ Ὁὶὶέὶ ὒέὲὒέὲ ὼ φπÃÏÓὒὥὸ,    (2) 

 

where ὒέὲ Ὁὶὶέὶ is the longitudinal error component in nm, ὒέὲ is the DT estimated longitude 

coordinate, and ὒέὲ is the Best Track longitude coordinate. The absolute ὈὝ ὈὭίὸὥὲὧὩ Ὁὶὶέὶ in nm is 

then calculated as follows: 

 

ὈὝ ὈὭίὸὥὲὧὩ Ὁὶὶέὶ Ѝὒέὲ Ὁὶὶέὶὒὥὸ Ὁὶὶέὶ.   (3) 

 

A consensus average was taken between TAFB, SAB, and ADT for all intensity estimates; only 

TAFB and SAB were used for the position consensus. The TAFBïSAB two-group consensus is referred 

to as Consensus A, while the TAFBïSABïADT three-group consensus is referred to as Consensus B. 

Using Best Track as verification, mean absolute intensity error, relative error, and standard deviation were 

calculated for the intensity consensus, as well as mean absolute intensity error and standard deviation for 

the position consensus. To quantify any improvement in using the consensus, we applied several 

statistical analyses. First, we used linear regression with Best Track as the independent variable and DT 



11 

estimates, including the consensus, as the dependent variables. The R2 coefficient of determination was 

compared between each regression analysis, where higher R2 values imply better skill. 

 

Table 3. Best Track sample data divided by intensity bins corresponding with the following CI 

values. Bins were chosen to reflect a broader categorization of tropical cyclone strength. CI numbers of 1.0, 

1.5, and 2.0 are affiliated with tropical depressions and weak tropical storms, 2.5 and 3.0 signify a medium 

strength tropical storm, 3.5 is a strong tropical storm, 4.0 and 4.5 are weak hurricanes, 5.0 and 5.5 are 

medium strength hurricanes, and 6.0 through 8.0 are strong hurricanes. ñwò represents the Best Track wind 

used to slice through the data. 

CI Numbers Characterization Bin Range 

(knots) 

Sample Size 

1.0, 1.5, 2.0 Tropical Depression 

/ Weak Tropical 

Storm 

25 Ò w < 35 82 

2.5, 3.0 Medium Tropical 

Storm 

35 Ò w < 50 390 

3.5 Strong Tropical 

Storm 

50 Ò w < 60 190 

4.0, 4.5 Weak Hurricane 65 Ò w < 85 115 

5.0, 5.5 Medium Hurricane 85 Ò w < 105 51 

6.0, 6.5, 7.0, 7.5, 8.0 Strong Hurricane 105 Ò w 61 

  Total 889 

 

 

 To test for statistical significance, we used a series of hypothesis tests utilizing the two sample 

KolmogorovïSmirnov (KïS) test. Each DT group distribution was compared to the consensus 

distribution. The null hypothesis states that the difference between each distribution and the consensus 

distribution is negligible, while the alternative hypothesis states that the consensus is significantly 

different than each of the individual distributions. We first calculate the critical value, Ὕ , using the 

following: 

 

Ὕ ὧ‌ ,     (4) 
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where ὲ is the size of the observed sample group and ά is the size of the expected sample group. The 

function ὧ‌ is given by: 

 

ὧ‌  ÌÎ  .     (5) 

 

An ‌ of 0.05 was used, which corresponds to ὧ‌ ρȢσφ. Given that ὲ ά ψψω, we calculate a 

 Ὕ  of 0.064. We will use this critical value to test whether the consensus is significantly improved by 

each group. 

 For the second research question we asked: can we improve DT by modifying the constraints for 

weakening storms by averaging the CI and T-numbers? Weakening systems are defined where the T-

number is less than the CI for any particular estimate. Because maximum winds tend to stay higher than 

what satellite imagery may imply, the T-number often under-represents current maximum intensity, and 

suggests the CI is more representative of a given cycloneôs current strength. However, in the case of some 

weakening systems, the CI may still be too high and lag behind a more rapidly weakening systemôs 

decaying winds (Velden et al., 2006). Therefore, we average the CI and T-numbers to develop a new, 

experimental modification to DT that may improve the estimate of current intensity for weakening 

storms. We only consider TAFB and SAB when developing the experimental technique because ADT 

data only includes the maximum surface wind data without the appropriate Tnums. We use the same error 

statistics applied to the consensus approach to quantify the error of both the experimental group, which 

uses the average of the CI-number and T-number, and the control group, which only uses the CI number. 

The new dataset, which consists of 184 total Dvorak estimates, is also divided into specific intensity bins 

based on characteristic storm strength described in Table 4. We then use the two sample KïS test to 

further determine how significant the experimental DT group may improve the control DT. The new null 

hypothesis states that each individual groupôs experimental case follows the same distribution as the 



13 

control. For example, TAFBôs experimental distribution is compared to TAFBôs control distribution. Note 

that the Ὕ  changes to 0.142, as ὲ and ά are now equal to 184 with this smaller sample size. 

 

Table 4. Bin sizes for the weakening storm cases. Of the 889 samples, 184 were determined to be 

in a weakening state (roughly 20.7%). 

CI Numbers Characterization Bin Range 

(knots) 

Sample Size 

1.0, 1.5, 2.0 Tropical Depression 

/ Weak Tropical 

Storm 

25 Ò w < 35 24 

2.5, 3.0 Medium Tropical 

Storm 

35 Ò w < 50 67 

3.5 Strong Tropical 

Storm 

50 Ò w < 60 37 

4.0, 4.5 Weak Hurricane 65 Ò w < 85 24 

5.0, 5.5 Medium Hurricane 85 Ò w < 105 11 

6.0, 6.5, 7.0, 7.5, 8.0 Strong Hurricane 105 Ò w 21 

  Total 184 

 

 

 

 

 

 

 

 

 

 

 

 



14 

 

Chapter 3  
 

Results 

 After applying the data analysis methods described in Chapter 2, we develop results that provide 

insight on our research question concerning how much the Dvorak technique (DT) is improved using a 

consensus approach and a modified technique for weakening systems. We initially address the first part of 

the research question regarding the consensus approach by providing results of simple error metrics and 

then discuss the nature of data distributions. We then provide the results of the linear regression analyses 

and the two sample KïS hypothesis tests. Results of the second part of the research question regarding the 

modified technique are provided next in a similar manner as done for the consensus approach. 

 After estimating tropical cyclone intensity and position using the multi-group consensus 

approach, we find a strong decrease in error based on initial error metrics (Table 5). This appears first in 

the lower mean absolute intensity error using Consensus A (6.39 knots) and Consensus B (6.51 knots) 

when compared to mean absolute intensity error values for TAFB, SAB, and ADT. The mean absolute 

intensity error for Consensus B in particular was 2.63%, 20.6%, and 35.9% smaller than TAFB, SAB, and 

ADT, respectively. Overall, the consensus groups had lower standard deviations (5.73 and 5.41 knots for 

A and B, respectively). From this, we see less variability and more consistency in the consensus groups. 

Position error and standard deviation decreased, as well, with the consensus average distance error being 

2.8 nm lower than TAFB and 2.0 nm lower than SAB (Table 5). Because that precision is 0.1°, or 6 nm, 

we can say that the position consensus improves upon TAFB and SAB around 1/3 to 1/2 of their error 

margins. Figure 5 and Figure 6 provide frequency distribution plots of both intensity and position error 

for TAFB, SAB, ADT, and the multi-group consensus. From them, we see that the data are positively 

skewed and follow a Poisson distribution. Figure 7 and Figure 8 display cumulative distribution functions 

of intensity and position error for TAFB, SAB, ADT, and the multi-group consensus. From them, we see 
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that most mean absolute intensity errors are generally less than 10 knots: 65.2% of TAFB, 58.0% of SAB, 

and 61.5% of ADT, and 76.8% of the Consensus B. Similarly, position errors were generally within 10 

nm: 47.8% of TAFB, 47.9% of SAB, and 56.7% of Consensus A. For both intensity and position, based 

on the consensus groups, we found a sizable increase in samples with smaller errors, effectively shifting 

the error distributions toward the left. 
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Table 5. Average Dvorak intensity errors. Notable improvement in mean absolute intensity error, 

relative error, and standard deviation, as well as position error and standard deviation, is seen using both 

Consensuses A and B. Of note, intensity mean absolute error of Consensus A is lower than for Consensus 

B. Also, TAFB generally has lower intensity errors compared to SAB and ADT. 

 
TAFB SAB ADT Consensus A 

(TAFB + SAB) 
Consensus B 

(TAFB + SAB + ADT) 

Mean Absolute 
Intensity Error 

(knots) 

 
6.69 

 
7.86 

 
8.86 

 
6.39 

 
6.51 

Mean Absolute 
Intensity Error 

(%) 

12.7% 15.0% 17.2% 12.1% 12.4% 

Intensity 
Relative Error 

(knots) 

ï 0.20 ï 4.92 ï 0.85 ï 2.56 ï 1.99 

Intensity 
Relative Error 

(%) 

ï 0.2% ï 9.7% ï 0.6% ï 4.9% ï 3.5% 

Intensity 
Standard 
Deviation 

(knots) 

 
5.99 

 
6.69 

 
7.18 

 
5.73 

 
5.41 

Position Error 
(nm) 

14.4 13.9 N/A 12.2 N/A 

Position 
Standard 

Deviation (nm) 

13.6 12.8 N/A 10.8 N/A 

 

 

 



17 

 

 

 

 

 

 

 

 

Figure 5. Frequency distributions of intensity error for TAFB (blue), SAB (red), ADT (green), 

and the three-group consensus (purple).  
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Figure 6. Frequency distribution of distance errors for TAFB (blue), SAB (red), and the two-

group consensus (purple). 
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Figure 7. Cumulative distribution functions of TAFB (blue), SAB (red), ADT (green), and the 

three-group consensus (purple) intensity errors. 
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Figure 8. Cumulative distribution functions of TAFB (blue), SAB (red), and the two-group 

consensus (purple) distance errors. 
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 Figure 9 shows that the individual and consensus DT groups exhibit similar trends in mean 

absolute intensity error as a function of storm intensity. In general, mean absolute intensity error increases 

as storm strength increases, with a notable dip for the medium strength hurricane cases. The consensus 

groups perform fairly well over the entire range of possible storm intensities, but TAFB also shows 

similar error values across the same range. Consensus A shows the lowest mean absolute intensity error 

for the medium strength hurricane cases, while Consensus B shows the lowest mean absolute intensity 

error for the strong hurricane cases. Both Consensus A and B display slightly lower mean absolute 

intensity error compared to the individual groups for the medium strength and strong tropical storm cases. 

Root mean square error, like mean absolute intensity error, exhibits a general increase in error as storm 

intensity increases with a slight dip for the medium strength hurricanes (Figure 10). Consensus A and B 

show lower root mean square error for the medium strength and strong tropical storm cases, as well as 

weak hurricanes. Consensus A has the lowest root mean square error for the tropical depressions/weak 

tropical storms and medium strength hurricanes, while Consensus B and TAFB both have the lowest for 

the strong hurricane cases. All the groups follow a similar trend in relative error (Figure 11). Medium 

strength tropical storm and weak hurricane intensities are generally underestimated, while a slight 

overestimation is noted for the tropical depression and weak tropical storms. There is also large spread for 

the weak, medium, and strong hurricanes. The consensus groups tend to stay between TAFB, which is on 

the upper end of the envelope, and SAB, which is on the lower end of the envelope. ADT shows the 

largest bias swings, as it retains a relatively high bias for weak systems, a relatively low bias for medium 

strength systems, and a relatively high bias for strong systems. The most improvement in relative error 

when using the consensus is in the medium strength hurricane cases, where relative error is fairly close to 

zero for both Consensuses A and B, while TAFB, ADT, and SAB still exhibit significant biases. 

Otherwise, TAFB generally shows the lowest relative error for the strong tropical storms and weak 

hurricanes, while ADT shows the lowest relative error for weak tropical storms. 
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 Figure 12 shows position error as a function of storm intensity. Position error for TAFB, SAB, 

and Consensus A decreases as storm intensity increases, with the consensus having the lowest mean 

absolute error across all intensity bins except for the strong hurricanes, where TAFB has a similar mean 

absolute error of approximately 6 nm. Position errors for each group notably begin to level out near 6 nm 

as storm intensity increases. 

 

 

 

 

 

 

 

Figure 9. Mean absolute error of TAFB (blue), SAB (red), ADT (green), Consensus A 

(purple), and Consensus B (orange) intensity estimates as a function of Best Track wind. Number of 

samples ñnò is included for each point on the graph that represents the bin range over which mean 

absolute intensity error is calculated. Bin ranges are defined in Table 3.  
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Figure 10. Root mean square error (RMSE) of TAFB (blue), SAB (red), ADT (green), 

Consensus A (purple), and Consensus B (orange) intensity estimates as a function of Best Track wind. 

Number of samples ñnò is included for each point on the graph that represents the bin range over which 

root mean square error is calculated. Bin ranges are defined in Table 3. 
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Figure 11. Relative error of TAFB (blue), SAB (red), ADT (green), Consensus A (purple), and 

Consensus B (orange) intensity estimates as a function of Best Track wind. Number of samples ñnò is 

included for each point on the graph that represents the bin range over which relative error is calculated. 

Bin ranges are defined in Table 3. 


































