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Chapter Four.  Results and Discussion. 

4.1 Analysis of the Output Produced by the MCLP LAM in all Eight Study Counties 

4.1.1 Overview 

The eight output global tables, as exemplified in Table 3.8, produced from 

running the models in all eight counties in section 3.11 are presented and discussed in the 

next section.  However, only the essential ‘Num. Hydrants’ and ‘Total Demand Served’ 

columns are shown, the second of which is abbreviated as TDS for each county.  The 

‘Num. Hydrants’ column is the total number of hydrants placed during each iteration of 

the loop in the AML code, as discussed in section 3.6.  The ‘CAR-TDS’ column lists the 

total amount of demand served by the corresponding number of hydrants in Caroline 

County.  The ‘Marginal Demand Served’ column was added using Microsoft Excel and 

calculated using the methods also described in section 3.7.  ‘CAR-MDS’ represents the 

marginal demand served by each additional hydrant in Caroline County. 

4.1.2 Examining and Comparing the Total Demand Tables and Graphs. 

 Overall, the eight Total Demand graphs display the results that were expected 

from the maximal covering location problem model (see Figure 2.1).  The first hydrant 

established in each county was placed where the maximum amount of demand could be 

reached in the specified 6 minute response time.  The second hydrant then went to where 

the next greatest amount of demand could be met.  This general curve persisted to level 

off as the number of hydrants that were placed increased; all of the higher demand 

locations had been served by the preceding hydrants.   

 The curves displayed in these Total Demand Graphs can be used to classify all 

eight counties into three general classes.  This classification was undertaken to facilitate 

the subsequent discussions.  These three classes include 1) counties with a large number 

of exposed WHCs, 2) counties with few exposed WHCs and; 3) Floyd County, which is 

in a class of its own.  Caroline (CAR), King George (KGE) and Spotsylvania (SPO) 

Counties fall into the first class, those counties having a large number of exposed WHC 

nodes (see Table 4.1 and Figure 4.1).  Because these counties have a high number of 
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WHC nodes (highly weighted), the graphs gradually taper off as these high demand areas 

eventually served by a higher number of hydrants.   
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Table 4.1.  Total Demand Served (TDS) and Marginal Demand Served (MDS) in 
Caroline (CAR), King George (KGE) and Spotsylvania (SPO) Counties.   
Num. 
Hydrants CAR-TDS CAR-MDS KGE-TDS KGE-MDS SPO-TDS SPO-MDS

1 814.654 N/A 890.031 N/A 366.000 N/A
2 1051.799 237.144 1609.203 719.171 613.107 247.107
3 1260.829 209.030 1960.023 350.820 858.060 244.953
4 1394.428 133.600 2271.188 311.166 1098.098 240.038
5 1550.516 156.087 2491.396 220.208 1337.065 238.968
6 1686.745 136.230 2587.156 95.760 1560.574 223.509
7 1733.413 46.667 2679.716 92.560 1685.661 125.087
8 1833.464 100.052 2738.666 58.950 1794.660 108.999
9 1938.477 105.013 2793.979 55.313 1910.452 115.792
10 1992.447 53.970 2838.173 44.193 2024.818 114.366
11 2033.307 40.860 2881.838 43.666 2135.033 110.216
12 2073.161 39.853 2916.888 35.050 2242.610 107.577
13 2111.571 38.410 2948.317 31.429 2348.300 105.690
14 2149.391 37.820 2975.590 27.273 2451.797 103.496
15 2185.011 35.620 3001.320 25.730 2551.115 99.319
16 2220.551 35.540 3020.440 19.120 2648.521 97.406
17 2250.501 29.950 3041.980 21.540 2731.667 83.146
18 2279.051 28.550 3058.270 16.290 2821.191 89.524
19 2307.571 28.520 3071.830 13.560 2879.856 58.665
20 2330.201 22.630 3072.270 0.440 2966.693 86.836
21 2363.617 33.417 3072.490 0.220 3047.051 80.358
22 2381.237 17.620 3078.290 5.800 3111.776 64.725
23 2397.246 16.009 3078.300 0.010 3172.182 60.406
24 2412.600 15.354 3078.940 0.640 3230.702 58.520
25 2414.950 2.350 3079.130 0.190 3288.904 58.202
26 2428.320 13.370 3079.280 0.150 3344.108 55.204
27 2439.840 11.520 3079.350 0.070 3398.729 54.621
28 2448.850 9.010 3079.490 0.140 3440.198 41.469
29 2453.890 5.040 3079.620 0.130 3476.371 36.173
30 2457.670 3.780 3079.740 0.120 3520.396 44.025
31 2460.406 2.736 3079.860 0.120 3520.396 0.000
32 2461.926 1.520 3079.910 0.050 3546.496 26.099
33 2462.816 0.890 3079.990 0.080 3572.395 25.899
34 2463.576 0.760 3080.070 0.080 3595.937 23.542
35 2464.786 1.210 3080.140 0.070 3619.208 23.272
36 2465.806 1.020 3080.180 0.040 3640.338 21.129
37 2466.706 0.900 3080.240 0.060 3640.508 0.170
38 2466.746 0.040 3080.290 0.050 3656.630 16.122
39 2467.286 0.540 3080.340 0.050 3669.211 12.582
40 2468.186 0.900 3080.390 0.050 3680.948 11.737
41 2468.816 0.630 3080.440 0.050 3691.487 10.539
42 2469.516 0.700 3080.480 0.040 3700.590 9.103
43 2470.146 0.630 3080.460 -0.020 3708.636 8.046
44 2470.726 0.580 3080.500 0.040 3709.036 0.400
45 2471.306 0.580 3080.550 0.050 3709.036 0.000
46 2471.806 0.500 3080.590 0.040 3714.617 5.580
47 2472.336 0.530 3080.630 0.040 3714.737 0.120
48 2472.816 0.480 3080.660 0.030 3715.027 0.290
49 2473.246 0.430 3080.690 0.030 3715.347 0.320
50 2473.786 0.540 3080.720 0.030 3715.567 0.220
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Figure 4.1.  Total Demand Served for Caroline (CAR), King George (KGE) and Spotsylvania (SPO) 
Counties. 

The second class includes Craig (CRA), Montgomery (MON), Roanoke (ROA) 

and Stafford (STA) Counties.  In contrast to counties in the first class, counties with 

relatively few exposed WHCs, exhibit curves that sharply rise to cover these high 

demand WHC nodes.  Once the WHC nodes have been covered, the high and moderate 

fire risk nodes (weighted substantially lower) are then covered.  Because these nodes 

have a weight that is drastically lower than the WHC nodes, these graphs level off once 

the exposed WHCs have been covered.  At first glance, it may appear that the King 

George and Montgomery County graphs are very similar.  But the difference in these two 

graphs is the drastic difference in ranges displayed on the Y-axis.  
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Table 4.2.  Total Demand Served (TDS) and Marginal Demand Served (MDS) in  

Craig (CRA), Montgomery (MON), Roanoke (ROA) and Stafford (STA) Counties.  
Num. 
Hydrants CRA-TDS CRA-MDS MON-TDS MON-MDS ROA-TDS ROA-MDS STA-TDS STA-MDS

1 52.820 N/A 91.604 N/A 74.909 N/A 158.66 N/A 
2 85.130 32.310 129.228 37.624 126.269 51.360 242.87 84.21
3 98.020 12.890 161.580 32.352 149.963 23.693 315.88 73.01
4 109.990 11.970 190.660 29.079 170.373 20.410 353.46 37.58
5 121.610 11.620 203.786 13.126 187.483 17.110 382.95 29.49
6 133.140 11.530 214.539 10.753 201.339 13.857 395.68 12.73
7 144.570 11.430 222.456 7.917 205.461 4.122 396.48 0.80
8 152.893 8.323 228.956 6.500 208.161 2.700 397.00 0.52
9 152.963 0.070 233.926 4.970 209.281 1.120 397.37 0.37
10 154.583 1.620 236.026 2.100 209.701 0.420 397.70 0.33
11 155.793 1.210 238.996 2.970 210.481 0.780 397.87 0.17
12 155.903 0.110 242.065 3.069 210.901 0.420 398.03 0.16
13 156.903 1.000 245.615 3.550 211.161 0.260 398.03 0.00
14 157.703 0.800 248.535 2.920 211.451 0.290 398.08 0.05
15 158.483 0.780 251.815 3.280 211.701 0.250 398.13 0.05
16 159.213 0.730 253.265 1.450 211.731 0.030 398.21 0.08
17 159.833 0.620 254.585 1.320 211.861 0.130 398.27 0.06
18 160.353 0.520 255.885 1.300 212.061 0.200 398.32 0.05
19 160.873 0.520 257.145 1.260 212.261 0.200 398.36 0.04
20 161.313 0.440 258.055 0.910 212.381 0.120 398.36 0.00
21 161.753 0.440 259.195 1.140 212.501 0.120 398.40 0.04
22 161.893 0.140 260.335 1.140 212.601 0.100 398.44 0.04
23 162.333 0.440 260.865 0.530 212.721 0.120 398.47 0.03
24 162.713 0.380 261.655 0.790 212.761 0.040 398.48 0.01
25 163.043 0.330 262.285 0.630 212.841 0.080 398.49 0.01
26 163.373 0.330 262.915 0.630 212.891 0.050 398.49 0.00
27 163.633 0.260 263.075 0.160 212.951 0.060 398.49 0.00
28 163.883 0.250 263.425 0.350 212.981 0.030 398.49 0.00
29 164.083 0.200 263.485 0.060 213.021 0.040 398.49 0.00
30 164.303 0.220 264.005 0.520 213.061 0.040 398.49 0.00
31 164.453 0.150 264.465 0.460 213.101 0.040 398.49 0.00
32 164.613 0.160 264.845 0.380 213.141 0.040 398.49 0.00
33 164.743 0.130 265.135 0.290 213.171 0.030 398.49 0.00
34 164.823 0.080 265.415 0.280 213.191 0.020 398.49 0.00
35 164.843 0.020 265.695 0.280 213.211 0.020 398.49 0.00
36 164.913 0.070 265.945 0.250 213.221 0.010 398.49 0.00
37 164.923 0.010 266.105 0.160 213.231 0.010 398.49 0.00
38 165.013 0.090 266.375 0.270 213.231 0.000 398.49 0.00
39 165.093 0.080 266.505 0.130 213.231 0.000 398.49 0.00
40 165.113 0.020 266.705 0.200 213.231 0.000 398.49 0.00
41 165.153 0.040 266.875 0.170 213.231 0.000 398.49 0.00
42 165.193 0.040 267.035 0.160 213.231 0.000 398.49 0.00
43 165.203 0.010 267.195 0.160 213.231 0.000 398.49 0.00
44 165.213 0.010 267.355 0.160 213.231 0.000 398.49 0.00
45 165.223 0.010 267.435 0.080 213.231 0.000 398.49 0.00
46 165.233 0.010 267.595 0.160 213.231 0.000 398.49 0.00
47 165.243 0.010 267.715 0.120 213.231 0.000 398.49 0.00
48 165.253 0.010 267.825 0.110 213.231 0.000 398.49 0.00
49 165.263 0.010 267.935 0.110 213.231 0.000 398.49 0.00
50 165.273 0.010 268.055 0.120 213.231 0.000 398.49
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Figure 4.2.  Total Demand Served in Craig (CRA), Montgomery (MON), Roanoke (ROA), and 

Stafford (STA) Counties. 

 

At first glance, the Floyd County graph appears to be very similar to those in the 

first class.  However, the range in values on the Y-axis in the Floyd County graph is 

drastically smaller than those counties in the first class.  Floyd County only had one 

exposed WHC, which was served by the first hydrant placed in the county.  After this 

single WHC was covered, the remaining hydrants began filling the demand at the lesser- 

weighted high and moderate risk nodes.   
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Table 4.3.  Total Demand Served (TDS) and Marginal Demand Served (MDS) for 
Floyd County. 
Num. Hydrants FLO-TDS FLO-MDS 

1 25.471 N/A
2 30.571 5.100
3 33.621 3.050
4 35.911 2.290
5 38.071 2.160
6 39.681 1.610
7 41.221 1.540
8 42.501 1.280
9 43.601 1.100

10 44.701 1.100
11 45.921 1.220
12 47.131 1.210
13 48.231 1.100
14 49.231 1.000
15 50.121 0.890
16 50.931 0.810
17 51.711 0.780
18 52.351 0.640
19 53.121 0.770
20 53.821 0.700
21 54.451 0.630
22 55.111 0.660
23 55.761 0.650
24 56.361 0.600
25 56.951 0.590
26 57.451 0.500
27 57.691 0.240
28 58.051 0.360
29 58.551 0.500
30 59.111 0.560
31 59.611 0.500
32 60.081 0.470
33 60.501 0.420
34 60.961 0.460
35 61.381 0.420
36 61.761 0.380
37 62.021 0.260
38 62.351 0.330
39 62.631 0.280
40 62.861 0.230
41 63.091 0.230
42 63.301 0.210
43 63.451 0.150
44 63.641 0.190
45 63.761 0.120
46 64.061 0.300
47 64.151 0.090
48 64.231 0.080
49 64.391 0.160
50 64.571 0.180
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Figure 4. 3.  Total Demand Served in Floyd County 

4.1.3. The Marginal Demand Served Column and the Corresponding Graphs.   

 As noted earlier, the marginal demand served column was calculated, for 

example, by subtracting the total demand served by 3 hydrants from the total demand 

served by 4 hydrants.  Generally speaking, as the number of hydrants increases, the 

marginal demand served by each additional hydrant decreases.  This column displays 

what economists refer to as “the law of diminishing returns”.  As the number of hydrants 

that are installed increases, the return on installing each additional hydrant decreases.  

However, close inspection of this column will show that this trend doesn’t always hold 

true.  For example, in Montgomery County (Table 4.2), this trend is ‘broken’ several 

places, particularly in rows (Num. Hydrants column) 14, 20, 23 and 27, among others.  

These breaks in the trend indicate that hydrants were sub-optimally placed, that is, the 

total demand served by an additional hydrant decreased.    
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Figure 4.4.  Marginal Demand Served for Craig (CRA), Montgomery (MON), Roanoke (ROA) and 

Stafford (Stafford) 

 These ‘aberrations’ can be easily observed by looking at the Marginal Demand 

Served graphs (Figure4.4).  Any increase in this graph indicates that a hydrant was sub-

optimally placed.  In most of the eight counties, these increases in the graph do not 

typically appear until the number of hydrants placed becomes relatively high.  This trend 

is fortunate, as it indicates that first several hydrants placed in a given county were placed 

optimally.  In other words, the high demand areas were well-served.  However, these 

increases in the graph appear relatively ‘early’ in Caroline and Spotsylvania Counties 

(Figure 4.5), the two counties with the highest number of exposed WHCs.  This break in 

the trend in Caroline County is shown cartographically in Figure 4.6 below.   
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Figure 4.5.  Marginal Demand Served for Caroline (CAR), King George (KGE), and Spotsylvania 

(SPO) Counties. 
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Figure 4.6.  An example in which hydrants were placed sub-optimally.   
  

The model placed three hydrants in the locations indicated by the green spider 

diagrams.  When the model placed the fourth hydrant (blue spider diagrams), the hydrant 

originally placed in the central portion of the county was replaced by two nearby 

hydrants.  The increase in demand served was relatively small.  When five hydrants were 

established in the county, the model placed the first four hydrants in the same locations as 

indicated by the green and blue spider diagrams.  The fifth hydrant (in purple) was placed 

in the western portion of the county where it picked up a substantial amount of demand.  

This sub-optimal placement of 4th and 5th hydrants is of relatively high consequence, as a 

large number of WHCs were poorly served.  Sub-optimal placement of hydrants 

involving a relatively high number of WHCs also occurs in Spotsylvania County.  
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4.1.3.1. Two Possible Causes of Sub-optimal Hydrant Placement. 

There are two possible causes of this sub-optimal hydrant placement.  Recall from 

Chapter Two that the heuristic procedures required to solve LAMs in a timely manner do 

not guarantee optimal results.  In other words, there is a trade off between faster solutions 

and better results.  These heuristics could be the cause of the sub-optimally placed 

hydrants 

 The second possible cause of this sub-optimal hydrant placement is suggested in 

the ESRI documentation.  In the software help files, ESRI does provide three examples of 

how to set-up and then execute their location-allocation models (ESRI 2001).  Two of 

these samples demonstrate the steps used to prepare and then execute their 

implementation of the P-median LAM.  The third example walks their users through the 

steps necessary to execute the Maximal Covering Location Problem LAM used in this 

research.  Before listing the individual steps necessary to execute these models, ESRI 

makes a few general remarks about preparing for the use of the models.  One of these 

remarks states, “Demand nodes should be homogeneous.  They do not have to be the 

same value, but they should have comparable populations to one another within a factor 

of five to ten” (ESRI 2001).  With respect to the p-median problem, this remark makes 

sense.  Recall from Chapter Two that the p-median model’s objective is to minimize the 

total weighted distance between the established centers and the demand nodes they are to 

serve.  ESRI calculates this weighted distance by multiplying the distance between the 

center and a demand node by the demand value assigned to that node.  Consider the 

following hypothetical p-median situation.  Say that two demand nodes are both exactly 

100 miles from the nearest candidate center.  If the one of these demand nodes is 

assigned a weight value of 4 and the other is assigned a weight value of 80, then the 

weighted distance to the first demand node would be 400.  The weighted distance to the 

second demand node would be 8000.  This drastic difference could then very well 

adversely affect the algorithm’s ability to determine the optimal center to serve these 

demand nodes, as distance is taken into consideration when selecting the optimal centers.   

 In the case of the MCLP model, the weight value at each demand node is 

summed.  It is not multiplied.  Hence, exceeding the recommended factor of 5 to 10 

should not have drastic effects on the model’s ability to select the optimal placement of 
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the center.  Furthermore, after the demand nodes that could be served within the 

maximum specified response time from every candidate hydrant location is determined, 

the distance between a demand node and a potential center is not considered when 

determining where to place this center.   

Obviously, the weighting schemes used thus far in this thesis exceed ESRI’s 

recommended demand difference of the 5 to 10 factor.  But doing so is absolutely 

necessary.  If the demand nodes in this thesis were kept within this recommended range, 

then the MCLP model would not be able to differentiate between WHCs (VDOF’s top 

priority) and the nodes outside of these WHCs.  Hence, VDOF’s primary criterion could 

not be met. 

 The results discussed thus far strongly suggest that ESRI’s MCLP algorithm is in 

fact capable of handling demand values that exceed their recommend range.  First of all, 

the Total Demand Served graphs produced the curves that match the expected, theoretical 

output from these models.  However, these curves are not perfect, as exemplified in the 

Marginal Demand Served graphs.  Secondly, the manipulation of the demand weighting 

schemes also suggests that ESRI’s MCLP algorithm is capable of handling values that 

exceed their recommended range.  Hence, it seems reasonable to conclude that ESRI 

recommended demand-weighting range may not apply to their MCLP algorithm.  

Unsuccessful attempts were made to contact an individual at ESRI who might be able to 

confirm this suspicion.  Hence, this possible cause in the sub-optimal placement of 

hydrants remains somewhat speculative. 

4.2.  Assessing the Ability of the MCLP LAM in Determining the Number of 

Hydrants to Allocate to Each County 

 

As noted in Chapter One, the final objective of this thesis is to explore methods that 

could guide fire managers in determining how many hydrants to allocate to each county.  

It has also been shown the added benefit of installing an additional hydrant diminishes as 

the number of hydrants increases.  The Marginal Demand Served column in the tables 

above could be used to meet this objective.  For example, VDOF officials may decide 

that it is not economical to install additional hydrants once the values in this column drop 
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below 1.  If this value was used, then 15 hydrants would be allocated to Floyd County 

and 10 hydrants would be allocated to Roanoke County.  Stafford County would receive 

7 hydrants.  However, the inconsistent, descending trend in other counties would make 

this decision more problematic.  For example, the Marginal Demand Served column in 

Caroline County drops below 1 at row 33.  But in row 35, this value climbs above this 

value of 1.  Then in row 37, this value drops below 1 once again.  So should Caroline 

County receive 33 hydrants or 37 hydrants?  This problem would also be encountered in 

Craig, King George and Montgomery Counties.  Consequently, this method would not be 

absolutely reliable.  However, the Marginal Demand Served column could be used as a 

rough guideline.  But one critical assumption must be met if this approach is to be used: 

the weighting scheme must be consistent in every county.  If, for example, WHCs nodes 

were given a higher weight in some counties, but not in others, then this approach would 

provide inconsistent and therefore erroneous conclusions.   

4.3. Strengths and Weaknesses of using the MCLP Model in Planning the Location 

of Multiple Dry Hydrants  

 

Using the MCLP model can provide a number of advantages to fire managers.  First, 

the curves shown in the Total Demand graphs show that the model is successful at 

identifying locations that could serve the maximum amount of demand in most situations.  

These curves can also help fire managers identify the areas that are in most need of 

hydrants.  As shown in the various demand weighting schemes, the MCLP model is, in 

many cases, successful in recommending locations that can simultaneously serve WHCs 

and high fire risk zones.  Furthermore, the different demand weighting schemes have 

shown that fire managers can fine-tune the model parameters to closely match their 

individual, desired objectives.  This tool can also greatly simplify the otherwise daunting 

task of determining where to place hydrants in counties where there are a large number of 

exposed WHCs, such as Spotsylvania County; without this tool it could be very difficult 

to identify the candidate hydrant sites that could serve multiple WHCs.  Additionally, 

these models, if run enough times, can be used to determine the number of hydrants 

needed to cover all of the demand in a given study, as shown in Roanoke and Stafford 
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Counties where the marginal demand served values eventually dropped to zero.  Finally, 

it would be difficult to forecast the long-term arrangement of where hydrants should be 

placed if limited funding restricts the number of hydrants that can be installed in the 

short-term. 

The most prominent shortcoming of the MCLP was identified in the Marginal 

Demand Served columns in the tables above.  This column and the corresponding graphs 

showed that the model sometimes placed hydrants in sub-optimal locations.  This 

problem then identified the difficulty that would be encountered when attempting to 

determine how many hydrants to allocate to each county; the Marginal Demand Served 

column cannot be used to give fire managers a concrete number of hydrants to install in 

each of their administrative districts.  

4.4 Conclusion 

Objective one of this thesis was to determine which LAM would be most appropriate 

for the long term planning of dry hydrant locations.  The Maximal Covering Location 

Problem (MCLP) LAM was designed to assist planners in planning the location of 

emergency response facilities, such as fire and rescue stations.  Hence, it would be most 

appropriate in determining how to geographically distribute multiple dry hydrants.  The 

variant Maximal Covering Location Problem with Mandatory Closeness Constraints 

LAM extends the MCLP by allowing planners to specify two levels of acceptable 

emergency response times.   

Objective two of this thesis was to determine if the selected LAM is capable of 

optimally serving hydrant demand.  If the MCLP LAM does in fact accomplish this 

objective, then the model output should mirror the curve displayed in Figure 2.2.  In a 

related sense, the marginal demand served by establishing each additional hydrant should 

never increase as the number of established hydrants increases.  Though the ESRI 

implementation of the MCLP failed to consistently serve hydrant demand in an optimal 

manner, it does so well in the majority of cases.   

The third objective of this thesis was to test the flexibility of the selected LAM to 

determine if minor weighting adjustments made by fire managers could enable them to 

more effectively meet their particular objectives.   The results from applying the three 
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demand weighting schemes Chapter Three show that the MCLP model does in fact 

respond to minor weighting changes.  This capability enables fire managers to 

quantitatively adjust the distribution of demand in a manner that most appropriately 

addresses their individual management concerns, provided that the necessary input 

datasets are available.   

The fourth objective of this thesis, developing a method to determine how many 

hydrants to allocate to each administrative area, is inextricably linked to the second 

objective.  More specifically, it is dependent on the capability of the LAM to produce 

results that optimally serve the demand.  Because the ESRI implementation of the MCLP 

LAM failed to do so throughout the study, the approach proposed in this thesis, selecting 

a uniform marginal demand served value, was not completely successful.  But as noted, 

fire managers could still use the marginal demand served figures as a general guideline in 

determining the number of hydrants to allocate to each area.   

4.5 Implications for Future Research 

The literature review conducted in this thesis revealed that the use of LAMs in 

planning the location of dry hydrants had not been previously investigated.  Because this 

thesis introduces these methods to this planning problem, several broad topics were 

covered to demonstrate flexibility and sensitivity of these models.  But this thesis has 

identified several conditions where further research may help fire managers use these 

tools more effectively.  For example, a formal sensitivity analysis could be conducted to 

determine the point at which the changes in a weighting scheme have the greatest impact 

on the results.  Additionally, the use of the MCLP with Mandatory Closeness Constraints, 

discussed in section 2.4.9, can be tested to assess its strengths and weaknesses in 

selecting hydrant locations.   

As discussed in section 3.4.3, two faculty researchers at different universities have 

recognized the need for research that models the fire truck travel speeds on different 

types of roads.  In our discussions, both of these researchers agreed that a multivariate 

regression model including independent variables such as road type, road sinosity, and 

road steepness could likely be used to model fire truck travel speeds.  Section 3.12 

showed that there can be substantial difference in results using two different methods of 
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assigning fire truck travel speeds.  Furthermore, emergency vehicle travel speeds 

modeled in many other GIS-based emergency response assessment and planning projects 

are not discussed in this thesis.  Hence, this research, if it provides conclusive results, 

could benefit many organizations by reducing the uncertainty used in these assessments. 


