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Asphalt concrete (AC) overlays must be designed and constructed to withstand reflective cracking. Unfortunately, the current Federal Aviation Administration (FAA) overlay design procedure (Advisory Circular 150/5320-6E) does not address this common form of premature failure. This report summarizes Phase I Test of reflective cracking research that was aimed at studying one of the generally accepted causes of reflection cracks - horizontal movements concentrated at joints in the existing portland cement concrete (PCC) pavement. A prototype, Temperature Effect Simulation System (TESS) was developed at the FAA National Airport Pavement Test Facility (NAPTF) such that the joint opening and closing due to temperature changes can be simulated mechanically. A test pavement representing typical airport overlay structure was constructed to support full-scale tests. Both theoretical and experimental studies were performed to determine key test parameters, critical pavement temperature, joint opening, loading rate, and AC-PCC interface bonding condition. Preliminary full-scale tests demonstrated that the TESS could not only generate forces that create precise and repeatable joint openings but also effectively control the pavement temperature. Instrumentation data revealed that once bottom-up reflection cracks initiated, crack development can quickly progress. 
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[bookmark: _Toc468311204][bookmark: _GoBack]Introduction
[bookmark: _Toc445112350][bookmark: _Toc445187074][bookmark: _Toc126138945]A significant portion of government funds for airport pavement construction is allocated towards the rehabilitation of existing pavements. For a moderately deteriorated portland cement concrete (PCC) pavement, resurfacing the existing pavement with an hot mix asphalt (HMA) layer is regarded as an efficient method. However, the new asphalt concrete (AC) overlay often fails before reaching its design life due to the occurrence of reflective cracking. Reflective cracking can lead to roughness, spalling, and moisture infiltration at joints and cracks, seriously reducing the life expectancy of the overlay. The current Federal Aviation Administration (FAA) Advisory Circular for AC overlaid rigid pavements does not address reflective cracking (1). The most commonly accepted mechanism of reflective cracks results from horizontal movements concentrated at the joints in the existing pavement. These horizontal movements are caused mainly by the periodic (seasonal and daily) temperature variations. If the overlay is fully bonded to the underlying pavement, tensile stress will be created and concentrated in the overlay directly above the joint or crack. This tensile stress is proportional to the relaxation property of the AC mixture and the movement taking place in the joint or crack; that, in turn, is proportional to the slab length (or space between the cracks), temperature variation, and the coefficient of thermal contraction (CTC) of the underlying pavement material (i.e., PCC). In addition, the tensile stress adds up in the bottom region of the overlay, due to accumulated horizontal movements at the JCP joint. When this tensile stress exceeds the HMA tensile strength, a single crack directly atop the joint or crack will form. With repeated temperature loading cycles, the initiated crack will further propagate until reaching the overlay surface.
[bookmark: _Toc468311205]Objective
Given the complexity of simulating temperature effects, the research objective was to examine the appropriateness of substituting temperature load with mechanical load in full-scale tests. In addition, the research is to identify critical test parameters. The research focus was set on evaluating the initiation and propagation of bottom-up reflection cracks at a joint under repeated temperature cycling (thermal fatigue), assuming intact PCC slabs.

[bookmark: _Toc445112351][bookmark: _Toc445187075][bookmark: _Toc468311206]Research Plan
[bookmark: _Toc445112355][bookmark: _Toc445187076]The flow chart shown in Figure 1 outlines the research plan. The first step is a theoretical study, which consists of predicting the pavement temperature using Enhanced Integrated Climate Model (EICM) and calculating the joint opening using Finite Element Analysis (FEA). In the second step, an experimental study is performed to characterize the bond strength of AC-PCC interface and fatigue performance of HMA. Findings from both theoretical and experimental studies are critical for the development of Temperature Effect Simulation System (TESS) and support of full-scale tests. Reflection crack starts from micro-cracks that grow and coalesce to form macro-cracks that finally penetrate the overlay. This indicates that reflective cracking is a two-stage process: crack initiation and crack propagation. For that reason, capturing, monitoring, and quantifying these two stages becomes vital in full-scale tests. 
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[bookmark: _Toc468652128]Figure 1.  Flowchart of Research Plan
[bookmark: _Toc468311207][bookmark: _Toc445112359][bookmark: _Toc445187077]Temperature Analysis
Temperature analysis was conducted first to obtain realistic field temperature profiles. These profiles were further implemented in the finite element model; joint movement of PCC slab was then simulated. In full-scale tests, temperature differential is controlled by the cooling system integrated in Temperature Effect Simulation System (TESS), therefore the temperature change within PCC slab was assumed to be uniform represented by the temperature at the mid-depth of PCC slab. TESS requires two inputs:
1. How much does PCC slab move?
2. How fast does PCC slab move? 
In addition, these two inputs should correspond to a wide climate conditions for U.S airports. 

Temperature Effects
The magnitude of stresses developed in the AC overlay is not generally associated with the seasonal temperature changes (slow changes in temperature) due to the ability of the AC to relax under slow moving conditions (2). It is the daily temperature change that has the greatest influence on the performance of the AC overlay. When the existing pavement contracts during a cooling cycle, the movement creates tensile stresses in the overlay right above the joint/crack. This movement in the PCC depends on the slab length, temperature change, the coefficient of thermal expansion of the PCC slab, and the sliding/frictional characteristics of the PCC slab interface. A large daily cooling rate combined with a very low temperature at the end of the cooling cycle represents the most critical condition with respect to the development of reflective cracking due to horizontal slab movement (3). This is due to the potential for large horizontal movement of the slab due to change in temperature, as well as low temperatures causing the HMA overlay to stiffen (the stiffer the AC, the less likely it will relax under straining, resulting in the development of a crack). This “critical condition” was also verified by Bozkurt (4) using 3-D finite element model simulations.

The daily temperature change will also have an impact on the development of thermal stresses at the surface of the HMA overlay in the form of thermal cracking. Although the low temperature asphalt binder grade has the largest impact on thermal cracking, the daily temperature change, especially when a very low temperature at the end of the cooling cycle occurs, will create additional tensile stresses within the AC overlay that can assist in the development of the reflective crack. Not only do the daily temperature changes create horizontal movement in the PCC slab, but it also causes vertical movements at the edge of the PCC slab that creates both shear and tensile stresses as the bottom of the AC overlay above the joint/crack. Therefore, simply due to daily temperature cycles during critical temperature conditions (a large daily cooling rate with a very low temperature at the end of the cooling cycle), the following occurs (Figure 2):
· The temperature differential from the daily cooling cause the PCC slab to contract and movement horizontally, creating tensile stress at the bottom of the AC overlay at the joint/crack.
· Temperature gradients in the PCC slab create a vertical deformation of the slab in the evening (at the end of the cooling cycle) which results in an upward “curl” of the slab at the joint/crack. This creates both shear and tensile stress at the bottom of the AC overlay at the joint/crack.
· The cooling cycle, ending with a very low temperature, creates tensile stresses in the AC overlay due to thermal contraction of the AC (thermal cracking). Although the low temperature asphalt binder grade can aid in minimizing the potential for a crack to initiate, tensile stresses are present, with the greatest magnitude being at the surface. However, because the tensile stresses at the bottom of the AC overlay are greater than at the surface, it is generally assumed that the reflective cracking initiates at the bottom of the AC overlay.

[image: ]

[bookmark: _Toc468652129]Figure 2. Stresses Developed in HMA Overlay Due to Daily Temperature Changes (2)

Analysis Approach
Temperatures throughout the pavement structure are dominated by atmospheric conditions at the surface. While it is easy to monitor air temperatures, there is not a direct correspondence between air temperatures and surface temperatures. Although temperature data are commonly collected through instrumentations, data are not always available for all times of the year due to sensor or data acquisition malfunctions. One way to fill data gaps is to predict temperature. There are several available approaches to predict pavement temperature with depth given standard climatic data (5-7). Dempsey and Thompson developed a heat-transfer model at the University of Illinois (5), which was later incorporated in the Climatic-Materials-Structural (CMS) program assembled by Dempsey et al. (8). Larson and Dempsey (9) combined the CMS model into a program called Integrated Climatic Model (ICM). 

The most recent evolution of ICM is called Enhanced Integrated Climatic Model (EICM). The latest standalone version of EICM is 3.2. EICM is based on one-dimensional coupled heat and moisture flow analysis developed to analyze the interaction between layered systems and climate. EICM is a combination of four different models resulted from a joint effort between Texas A&M University and University of Illinois in 1989 (8). The model for predicting pavement temperature in the EICM is the CMS model developed at the University of Illinois. This heat transfer model considers radiation, convection, and conduction but disregards the effects of transpiration, condensation, or evaporation. The climatic data required to run EICM are temperature, cloud cover, wind speed and precipitation. EICM accepts daily or hourly climatic values. The surface temperature is initially established and is followed by the calculation of temperatures throughout the pavement layers. EICM uses sunshine percentage, wind speed, air temperature and solar radiation to compute the heat flux boundary condition on the pavement surface and the resulting temperature profile throughout the pavement. Kapiri et al. (10) compared EICM temperature predictions to thermocouple measurements at DIA. Using only maximum and minimum daily temperature data, they concluded that ICM was a valid tool to predict temperature within the pavement structure. Only the predicted temperature near the pavement surface differed slightly from the measured values. In order try to minimize some of these discrepancies, hourly climatic data recorded in various airport weather stations across the country was used in this temperature analysis instead of daily values. 

Site Selection
FAA classifies U.S airports into 9 regions, as shown in Figure 3. A complete listing of states by region and the FAA headquarter (Washington, DC) can be found in Table 1. While up to hundreds of airport weather stations are included in each FAA region, both the quantity and quality of climate data vary from one station to another. It was decided that the climate data selected in this task should be restricted to a fairly small number of airports (i.e., one airport per FAA region), so that the predicted pavement temperature profiles would be representative and comprehensive. Given the temperature effects on reflective cracking, three steps were followed to assess the appropriateness of airport weather stations:
1. lowest daily temperature of record
2. maximum (most severe) daily temperature drop
3. amount of available data
The first and second steps were designed in such a manner that both extreme temperatures and severe cooling rates would be included.

[image: US Climate Region]

[bookmark: _Toc468652130]Figure 3. FAA Airport Regions

Thirty-year (1971-2000) climate data collected from 278 airport weather stations were first requested through the National Climate Data Center (NCDC). Appendix A contains the name of airport, associated FAA region, the amount of available data (in years), and the highest and lowest daily temperatures of record. 

In step 2, the temperature difference between the highest and the lowest was calculated for each month for all airports. Then, airports within each FAA region were ranked based upon their maximum temperature difference. Consequently, one airport was selected for each FAA region. The Dulles International Airport in Washington, DC, was also included. A summary of all selected airports is provided in Table 2. The highest temperature, the lowest temperature, and the temperature difference of selected airports are plotted in Figures 4 through 13. Basically, both the highest and lowest temperatures follow a bell-shape (normal) curve while the temperature difference does not fluctuate greatly over a 12-month period. Among all airports, only Fairbanks airport in Alaska ever recorded the lowest temperature below zero. From Figure 14, it can be concluded that the maximum temperature difference usually occurs in two seasons, spring (March through May) and fall (August through October). The Bishop airport in California experienced the cruelest temperature difference (42.2oF), while the Dulles airport in FAA headquarter (Washington, DC) observed the least harsh temperature difference of 25.7oF. 
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[bookmark: _Toc468652081]Table 1. FAA Airport Regions
	Region
	State

	Alaska
	Alaska
	

	Central
	Iowa
	Kansas
	Missouri
	Nebraska
	

	Eastern
	Delaware
	Maryland
	New Jersey
	New York
	Pennsylvania
	Virginia
	West Virginia
	

	Great Lakes
	Illinois
	Indiana
	Michigan
	Minnesota
	North Dakota
	Ohio
	South Dakota
	Wisconsin
	

	New England
	Connecticut
	Maine
	Massachusetts
	New Hampshire
	Rhode Island
	Vermont
	

	Northwest Mountain
	Colorado
	Idaho
	Montana
	Oregon
	Utah
	Washington
	Wyoming
	

	Southern
	Alabama
	Florida
	Georgia
	Kentucky
	Mississippi
	North Carolina
	Tennessee
	South Carolina
	Puerto Rico
	U.S. Virgin Islands

	Southwest
	Arkansas
	Louisiana
	New Mexico
	Oklahoma
	Texas
	

	Western Pacific
	Arizona
	California
	Hawaii
	Nevada
	

	Headquarter
	Washington, DC
	











[bookmark: _Toc468652082]Table 2. Selected airport of each region

	Airport
	Region
	Maximum Temperature Difference

	
	
	Month
	oF

	Fairbanks, AK
	Alaska
	March
	27.7

	Scottsbluff, NE
	Central
	September
	33.6

	Dulles, DC
	DC
	April
	25.7

	Elkins, WV
	Eastern
	April
	28.6

	Rapid City, SD
	Great Lakes
	September
	29.2

	Concord, NH
	New England
	May
	27.2

	Burns, OR
	Northwest Mountain
	August
	40.6

	Augusta, GA
	Southern
	April
	28.6

	Roswell, NM
	Southwest
	April
	34.4

	Bishop, CA
	Western Pacific
	July
	42.2
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[bookmark: _Toc468652131]Figure 4. Highest and lowest daily temperatures at Fairbanks, AK
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[bookmark: _Toc468652132]Figure 5. Highest and lowest daily temperatures at Scottsbluff, NE
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[bookmark: _Toc468652133]Figure 6. Highest and lowest daily temperatures at Dulles, DC
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[bookmark: _Toc468652134]Figure 7. Highest and lowest daily temperatures at Elkins, WV
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[bookmark: _Toc468652135]Figure 8. Highest and lowest daily temperatures at Rapid City, SD
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[bookmark: _Toc468652136]Figure 9. Highest and lowest daily temperatures at Concord, NH
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[bookmark: _Toc468652137]Figure 10. Highest and lowest daily temperatures at Burns, OR
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[bookmark: _Toc468652138]Figure 11. Highest and lowest daily temperatures at Augusta, GA
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[bookmark: _Toc468652139]Figure 12. Highest and lowest daily temperatures at Roswell, NM
[image: ]
[bookmark: _Toc468652140]Figure 13. Highest and lowest daily temperatures at Bishop, CA
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[bookmark: _Toc468652141]Figure 14. Maximum temperature difference

Prediction of Pavement Temperature
Prediction of pavement temperature began with the identification of input parameters are needed to run the EICM. If inputs are more approximate; their use requires much less directly measured data. The EICM internally generates values for missing data by using correlations with input data. Some data must be input for each unbound layer. In some cases, this input data may be only index properties, such as gradation and plasticity. In the tables that follow, parameters that can either be input by the user or internally generated by the EICM are shown in bold. The parameters not in bold are internal to the EICM and never require user input. Table 3 describes the input parameters necessary to initialize the model and define the climatic and boundary conditions. Physical characteristics of selected airports are summarized in Table 4. Based upon the historical data of groundwater depth (GWT) from NCDC (see details in Appendix B), the mean monthly GWT of each selected sites were then calculated. Since these monthly averages are pretty constant throughout the year, it was decided to compute the mean annual GWT and input into EICM. These mean annual values are tabulated in Table 5. A typical structure of airfield AC overlay pavement was selected for a 10-year design period for temperature analysis using EICM. As shown in Figure 15, this structure consisted of 5in AC, 14in PCC, 12in base, and 240in subgrade. 

[bookmark: _Toc468652083]Table 3. Input parameters for model initialization and climatic/boundary conditions

	Parameter
	Description

	Base/subgrade construction complete date
	Required for model initialization

	Design period
	Required for the length of the analysis period

	Site physical characteristics
	Required for defining climatic conditions

	Groundwater table depth
	Required for boundary condition

	Layer thickness
	Required for defining pavement profile



[bookmark: _Toc468652084]Table 4. Physical characteristics of selected airports
	AIRPORT
	REGION
	ELEVATION, ft
	LATITUDE
	LONGITUDE

	Fairbanks, AK
	Alaska 
	464
	64.49
	147.51

	Scottsbluff, NE
	Central
	3949
	41.52
	103.36

	Dulles, DC
	DC
	309
	38.56
	77.27

	Elkins, WV
	Eastern
	1982
	38.53
	79.51

	Rapid City, SD
	Great Lakes 
	3153
	44.03
	103.03

	Concord, NH
	New England 
	343
	43.12
	71.3

	Burns, OR
	Northwest Mountain 
	4148
	43.35
	118.57

	Augusta, GA
	Southern
	163
	33.22
	81.58

	Roswell, NM
	Southwest
	3652
	33.19
	104.32

	Bishop, CA
	Western Pacific
	4112
	37.22
	118.22



[bookmark: _Toc468652085]Table 5. Mean annul groundwater depth of selected airports
	AIRPORT
	REGION
	GWT, ft

	Fairbanks, AK
	Alaska 
	42

	Scottsbluff, NE
	Central
	28

	Dulles, DC
	DC
	22

	Elkins, WV
	Eastern
	48

	Rapid City, SD
	Great Lakes 
	32

	Concord, NH
	New England 
	30

	Burns, OR
	Northwest Mountain 
	295

	Augusta, GA
	Southern
	126

	Roswell, NM
	Southwest
	24

	Bishop, CA
	Western Pacific
	9
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[bookmark: _Toc468652142]Figure 15. Pavement structure used in EICM

Parameters in Table 3 trigger the climatic module, which has a database of nearly 800 weather stations throughout the continental United States and Canada. Users may select the station or stations they consider to be the most representative of the site. The climatic information available from each station includes the following:
· Hourly air temperature,
· Hourly precipitation,
· Hourly wind speed,
· Hourly percentage sunshine, and
· Hourly relative humidity.
These data are needed by the EICM for several calculations. The air temperature is required by the heat balance equation to calculate long-wave radiation emitted by the air and convective heat transfer from pavement surface to air. In addition to the heat calculations, the temperature data are used to define the freeze-and-thaw episodes within the analysis period. Heat fluxes resulting from precipitation and infiltration into the pavement structure are not considered in formulating the surface heat flux boundary conditions. The role of the precipitation under these circumstances is not entirely clear, and its incorporation in the energy balance has not been attempted. However, precipitation is needed to compute the amount of snow: the precipitation that falls during a month when the mean temperature is less than the freezing temperature of water is assumed to fall as snow. Wind speed is required in the computations of the convection heat transfer coefficient at the pavement surface. The percentage sunshine is needed for calculation of heat balance at the surface of the pavement. The GWT depth was intended to be the best estimate of the annual average depth; its determination from profile characterization borings prior to design was recommended. Layer thicknesses are assigned to homogeneous layers. 

EICM requires three input properties for HMA or PCC materials:
· Thermal conductivity
· Heat capacity
· Surface short wave
Thermal conductivity, K, is the quantity of heat that flows normally across a surface of unit area per unit time and unit temperature gradient normal to the surface. The moisture content affects the thermal conductivity of HMA or PCC. If the moisture content is low, the differences between unfrozen, freezing, and frozen thermal conductivity are small. Only when the moisture content is high (i.e., greater than 10%) does the thermal conductivity vary substantially from unfrozen to freezing to frozen. The thermal conductivity of HMA layers does not vary with varying moisture content as does that of unbound layers. The heat or thermal capacity is the actual amount of heat energy, Q, necessary to change the temperature of a unit mass by one degree. The surface short wave absorptivity of the pavement depends on pavement composition, color, and texture. The surface short wave absorptivity directly correlates with the amount of available solar energy absorbed by the pavement surface. Generally, the lighter and more reflective the surface is, the lower the short wave absorptivity will be.

Two typical pavement temperature profiles from EICM are plotted for spring (Figure 16) and fall (Figure 17), respectively. The nonlinearity suggests that temperatures in the surface layer (AC) vary significantly compared to the underlying layers (PCC and subgrade). Hence, the temperature at the top of the PCC layer was assumed to approximate the uniform temperature within the concrete slab. A complete summary of mean daily lowest temperatures and maximum daily temperature drops are tabulated in Table 6 for selected airports. The lowest pavement temperatures reached during the overlay life are generally selected for simulations in an effort to focus on a critical condition analysis. In certain cases, additional critical conditions should be identified where the highest cooling rates occurred (in combination with very low temperatures, but perhaps not the coldest absolute temperature reached). It was therefore decided that the lowest temperature (32oF) and the most severe temperature drop (17oF) at the AC-PCC interface would be used in the future study.
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[bookmark: _Toc468652143]Figure 16. Temperature profile at Fairbanks, March 7, 2001
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[bookmark: _Toc468652144]Figure 17. Temperature profile at Fairbanks, October 1, 2001

[bookmark: _Toc468652086]Table 6. Summary of the mean and range of critical temperature
	[bookmark: RANGE!A1:D12]AIRPORT
	REGION
	Temperature at the top of PCC, oF

	
	
	Mean Daily Lowest
	Max Daily Drop

	Fairbanks, AK 
	Alaska 
	31
	13

	Scottsbluff, NE 
	Central
	49
	13

	Dulles, DC 
	DC
	57
	12

	Elkins, WV 
	Eastern
	51
	17

	Rapid City, SD 
	Great Lakes 
	48
	15

	Concord, NH 
	New England 
	49
	15

	Burns, OR
	Northwest Mountain 
	46
	13

	Augusta, GA 
	Southern
	64
	12

	Roswell, NM 
	Southwest
	61
	13

	Bishop, CA
	Western Pacific
	54
	12



[bookmark: _Toc468311208]Finite Element Model and Analysis
Most joint opening studies have focused on finding a linear relationship between temperature and joint opening but they were not successful because of the variability of the data. In this study, a three-dimensional (3-D) finite element (FE) model was developed to predict the joint opening using a general purpose finite element software ABAQUS. The 3-D FE model was believed more appropriate, compared to an axisymmetric or 2-D plane model. An implicit FE formulation was utilized in the study, which means the loading was divided into relatively coarse increments, and an iterative technique was employed at the end of each increment to bring the internal stresses into equilibrium with the external applied loads.

Finite Element Model
Temperature induced reflection cracks develop in the overlay above a discontinuity, such as the PCC joints. Unlike a continuous HMA layer, excessive movement occurs at PCC joints due to thermal expansion and contraction, as shown in Figure 18a. These movements result in considerable stresses in the AC overlay. Reflection cracks develop when induced stress exceeds HMA strength. However, simulating realistic temperature variations in any full-scale test can be extremely challenging. As a result, it was proposed to apply a mechanical force to one slab while keeping the other slab stationary and a constant temperature in both slabs, as shown in Figure 18b. 

[image: ]
(a) Temperature load                                                               (b) Mechanical load
[bookmark: _Toc468652145]Figure 18. Temperature vs. mechanical loads
A full-scale three-dimensional (3-D) finite element (FE) model was developed to predict the joint opening. The concrete slabs are 15 ft in length and 15 ft in width. A full-cut construction joint 0.25 in wide was made in transverse direction to be a vulnerable structure regarding reflective cracking, and joint spacing was 15 ft. To make it more critical to reflective cracking, no dowel bars or aggregate interlocking are considered in this pavement model. The 5” thick AC overlay were set to move freely and fixed boundary conditions were imposed on the subgrade. While no constrains were applied on all sides of PCC slabs to mimic field conditions, the mechanical load only allows one slab to travel horizontally. Since the behavior of a layered pavement system may not be approximated using truss, beam, or shell elements, 3-D eight-node, linear brick elements were selected in this study. For the temperature loading scenario, coupled temperature-displacement features that have both displacement and temperature degrees of freedom were added to the regular 3-D stress elements. Because mesh configurations of an FE model can affect its accuracy and efficiency, all 3-D elements have a variety of mesh sizes depending on their locations. As shown in Figure 19, the finest elements (0.005 in) were located in the AC overlay, especially close to the joint. The dimension of the elements becomes gradually coarser as the location of the elements gets farther from the target area, such as away from the joint and the subgrade. To facilitate field paving process, the width of overlay was reduced to 12 ft.

In the field, pavement interfaces can be partially or fully debonded due to inadequate tack coat application, aggregate segregation, and insufficient compaction, which may occur during overlay construction. In addition, the behavior of the interfaces above and beneath a joint can be more complicated than off-joint locations because excessive slip and/or debonding can occur in the vicinity of the joint. Following the FAA thickness design procedure, the AC-PCC interface was assumed to be undamaged in the FE model. In other words, the overlay was fully bonded to the underlying intact slabs using a “tied” contact technique that constrained all degree of freedom on the surfaces: in terms of friction, a friction angle at the AC-PCC interface is infinite. The interface between PCC and subgrade was assumed to be frictionless. No separation in normal direction was allowed once two interfaces were contacted. 
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[bookmark: _Toc468652146]Figure 19. 3D finite element pavement simulation model
[bookmark: OLE_LINK1]While elastic theory may be a reasonable approximation for AC in the conventional design of flexible pavements, the effect of time and temperature dependency of viscoelastic materials cannot be fully considered. This time-dependent nature must be characterized by the fact that the stress depends not only on the current state of strain but also on the full history of strain development. A linear viscoelastic (LVE) material is a rheological material that is characterized using unit response functions, such as relaxation modulus, E(t), in the time domain, and complex modulus, E*, in the frequency domain. It is sometimes necessary and/or practical to interconvert between LVE unit response functions. In this study, a numerical method was used to obtain relaxation modulus indirectly from the frequency-dependent test (complex modulus test), as adopted by Yin, et al. (11-13). Schapery and Park (14) introduced a numerical method (Eq.1 to 3) to convert dynamic modulus (|E*|) in the frequency domain to relaxation modulus (E(t)) in the time domain for uniaxial mode of loading:
1. Calculate the storage modulus (E’) from dynamic modulus (|E*|) and phase angle ():

                                                                 (1)
2. Obtain E(t) from E’:

                                                     (2)
   where n is the local slope of E’ in log-log space, and a denotes an integer in the  
   Gamma function (Γ).

                                   (3)
The E(t) master curve interconverted from |E*| is plotted for the P-401 (PG 64-22) mixture in Figure 20. At short times, the relaxation modulus is at a high plateau corresponding to the instantaneous response, and then falls exponentially to the long-term response as the asphalt molecules gradually accommodate the strain by conformational extension rather than bonding distortion. In the infinitesimal deformation of any real viscoelastic material, the lateral contraction is dependent on loading time, or (equivalently) frequency. Obtaining the Poisson’s ratio of viscoelastic materials is particularly demanding, because it requires material testing under both normal and shear stress states under various temperatures and loading rates. As a result, a constant value of 0.35 was assumed for the Poisson’s ratio of AC. Concrete and subgrade were characterized simply by using a linear elastic model. Standard material properties (AC 150/5320-6E) were selected, as summarized in Table 7.

                            [image: ]
[bookmark: _Toc468652147]Figure 20. Interconverted E(t) mater curve at the reference temperature, 32oF.
Finite Element Analysis
The maximum tensile stress at the overlay bottom was investigated first to examine the appropriateness of substituting temperature load with mechanical load. Table 8 summarizes the calculated joint openings by applying temperature changes at each node. Most joint openings are somewhere between 12 and 17 mil. Next, mechanical load was applied on the movable slab. The load magnitude was iteratively varied until the joint opening matched the temperature induced value. It can be seen from Table 8, for the same amount of joint opening, mechanical and temperature load resulted in almost identical maximum tensile stresses at the overlay bottom.
In the developed FE model, the AC overlay was perfectly bonded to the underlying PCC slabs. The shear stresses induced by any differential movement must be effectively transferred across the interface. The Rapid City airport was selected herein for demonstration purpose. When the temperature atop PCC dropped 15oF from 48oF, a joint opening of 0.0148 in was predicted. The shear stress distributions at the AC-PCC interface are presented in Figures 21a and 21b. As no separation in normal direction was allowed between layers, the shear stresses laid on top of each other. Under both temperature and mechanical loads, the shear stress sharply declines from its peak value directly above the joint towards the middle of slab. The maximum shear stress is only about 5 psi. Since the stationary and movable slabs were subjected to asymmetric mechanical loading conditions, the shear stress was to some extent asymmetric across the joint. Overall, it can be concluded that mechanical load would be suitable to simulate the joint opening due to temperature changes (15).

[bookmark: _Toc468652087]Table 7. Pavement Structure and Layer Material Properties
	Layer
	AC
	PCC
	Subgrade

	Thickness, in
	5
	12
	250

	Moduli, psi
	E(t) master curve
	4,000,000
	10,000

	Poisson's Ratio
	0.35
	0.15
	0.35

	Coefficient of Thermal Contraction, E-6 in/in/oF
	12
	8
	NA

	Thermal Conductivity, Btu/(ft)(hr)(°F)
	0.67
	1.0
	NA

	Heat Capacity, Btu/(lb)(°F)
	0.22
	0.22
	NA


















[bookmark: _Toc468652088]Table 8. Summary of Theoretical Study Results
	Airport
	Temperature at the top of PCC, oF
	Joint Opening, in
	Maximum tensile stress (s11) at bottom of AC, psi

	
	Mean Daily Lowest
	Maximum Daily Drop
	
	Temperature Load
	Mechanical Load

	Fairbanks, AK 
	31
	13
	0.0134
	329
	328

	Scottsbluff, NE 
	49
	13
	0.0131
	321
	320

	Dulles, DC 
	57
	12
	0.0119
	292
	291

	Elkins, WV 
	51
	17
	0.0173
	424
	425

	Rapid City, SD 
	48
	15
	0.0148
	363
	363

	Concord, NH 
	49
	15
	0.0147
	361
	360

	Burns, OR
	46
	13
	0.0133
	326
	326

	Augusta, GA 
	64
	12
	0.0123
	302
	301

	Roswell, NM 
	61
	13
	0.0127
	312
	311

	Bishop, CA
	54
	12
	0.0134
	299
	299
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(a) Shear stress under temperature load
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(b) Shear stress under mechanical load
[bookmark: _Toc468652148]Figure 21. Interface shear stress analysis
[bookmark: _Toc468311209]Experiment Study
[bookmark: _Toc468311210]Texas Overlay Tester
There are few records of operational and reliable test equipment that can characterize the thermal fatigue behavior of reflection cracks. Some of the latest developments in this area are the Texas Overlay Tester (16), the MEFISTO (17), and Iraqi Overlay Testing Equipment (18). Although the Texas Overlay Tester is essentially a fatigue-type test (Figure 22a), it currently represents the best laboratory method to truly simulate horizontal joint movements in the joint/crack vicinity of PCC pavements (19). One important upgrade on the Texas Overlay Tester system was establishing a standard specimen size of 6 in. long by 3 in. wide by 1.5 in. high (20). A specimen of this size can be easily cut from a sample prepared by the Superpave Gyratory Compactor or from a field core. One base plate is fixed, and the other is cycled at small displacement. The Texas Overlay Tester is generally run in a controlled displacement mode at a specific loading rate with a fixed maximum opening displacement. The growth of the crack, as observed on the sides or top of the sample, is manually recorded at the end of each load cycle. 

The overlay test was conducted using a protocol established for the Texas Department of Transportation (21), although a test temperature of 32°F was used instead of 77°F to better represent the critical pavement temperature selected for this study. The horizontal displacement of 15 mil was used, determined from the 3-D FEA. The loading rates were set at one cycle per 30, 60, and 120 seconds. At each loading rate, five specimens were tested, and the average of the test results was reported. As shown in Figure 22b, the number of cycles to failure ranged from single digits to over 200. Regression analysis found that the full-scale test may take thousands of cycles to fail at slower loading rates (i.e., 1150 cycles at 0.10 mil/sec, 5250 cycles at 0.05 mil/sec).
[bookmark: _Toc468311211]AC-PCC Interface Bond Strength
Redistribution of stresses and strains at the interface due to an inadequate bond has been considered as a cause of premature pavement failure for decades (22). Spreading an asphaltic tack coat over an existing concrete pavement before placing an AC overlay is a common field practice for ensuring the bond between layers. In general, selection of tack coats for airport pavements has been mainly based on experience, convenience, and empirical judgment. A recent NCHRP project (23) concluded a direct relationship between the roughness of the existing pavement surface and the shear strength at the interface. 
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(a)
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(b)
[bookmark: _Toc468652149]Figure 22. Texas Overlay Tester (a) and test results (b)
In this study, a 15- by 15-ft P-501 concrete slab was finished by heavy broom and steel rake. To avoid tears during the finish process, both techniques were performed after the concrete had hardened sufficiently (about 1 hour). Two weeks later, two types of tack coat, straight PG 64-22 asphalt and emulsified asphalt, were applied at an application rate of 0.04-0.06 and 0.06-0.08 gal/yd2, respectively. Finally, a 5-in. layer of P-401 HMA material (PG 64-22) was laid down in two lifts. As shown in Figure 23ba, the FAA Bond Shear Strength Tester (BSST) is similar to several other testers that researchers have used, such as the NCAT Bond Strength Device (24), Florida DOT Bond Strength Tester (25), and Swiss LPDS Tester (26). Prior to the tests, field cylindrical cores with 4-in. diameters were conditioned at 32°F for 24 hours. Because AC is a viscoelastic material, the same behavior in terms of response to different loading rates could be expected at the layer interface. Based upon the Texas Overlay Tester results (Figure 22b), a displacement rate of 0.05 mil/sec was selected. The bond strength test was aborted when the load dropped to 20% of its maximum value. For each combination of tack coat and surface finish, three specimens were tested, and the average was reported. As demonstrated by an example shown in Figure 23b, there are two distinguished stages on the stress-displacement curve:
· Prefailure: The displacement increased linearly with the shear stress. Failure of the interface occurred when the shear stress reached the maximum.
· Postfailure: The two layers were not completely separated at the interface, and the interface still exhibited some shear resistance.
The straight asphalt and heavy broom finish appeared to provide the strongest bond strength, 60 psi. It was also found that the temperature within the HMA cores increased from 32° to 42°F over 20 minutes, which was the typical test duration. Although the FAA BSST was not fitted with environmental chamber, the beforehand conclusion was believed to be valid for comparison purpose.
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(a)
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(b) 
[bookmark: _Toc468652150]Figure 23. FAA BSST and test results
[bookmark: _Toc468311212]Complex Modulus Test
The complex modulus tests were conducted at the Advanced Transportation Research and Engineering Laboratory (ATREL) at University of Illinois Urbana-Champaign (27). In accordance to the AASHTO TP 63-07, three replicates fabricated from the field cores were tested and the average was reported. Five temperatures (14, 39, 69.8, 98.6, and 127.4oF) and six loading frequencies (25, 10, 5, 1, 0.5, and 0.1Hz) were considered. Table 9 summarizes both dynamic modulus (|E*|) and phase angle () from the complex modulus tests.
[bookmark: _Toc468652089]Table 9. Complex modulus test results at different temperature and frequencies
	Frequency, Hz
	Temperature, oC

	
	14.0
	39.2
	69.8
	98.6
	127.4

	
	|E*|, psi
	, Deg
	|E*|, psi
	, Deg
	|E*|, psi
	, Deg
	|E*|, psi
	, Deg
	|E*|, psi
	, Deg

	0.1
	1737825
	17.4
	466030
	32.0
	178060
	29.5
	93670
	21.0
	64380
	14.5

	0.5
	2257650
	13.8
	760525
	26.0
	290000
	29.8
	131225
	22.3
	76415
	15.1

	1.0
	2492260
	12.7
	926840
	24.0
	361340
	29.5
	155585
	24.3
	82940
	16.5

	5.0
	3024990
	10.3
	1339655
	19.6
	597400
	27.0
	237510
	28.5
	107880
	21.5

	10.0
	3234080
	9.5
	1539755
	18.2
	727175
	25.9
	306820
	28.0
	135575
	23.9

	25.0
	3489570
	8.9
	1815690
	16.2
	929595
	24.1
	424270
	29.1
	187920
	26.9


[bookmark: _Toc468311213]Tensile strength test
Following the recommendations from temperature analysis, tensile strength tests were conducted at 32°F in indirect tension (IDT), in accordance to AASHTO T322. Tests were conducted on three HMA replicates to ensure repeatability and the average strength value was 428 psi (28).
[bookmark: _Toc468311214]Temperature Effect Simulation System (TESS)
Previous FEA suggested mechanical load would be suitable to simulate the joint opening due to temperature changes. Hence, a prototype, Temperature Effect Simulation System (TESS), was designed, built, and installed at the FAA National Airport Pavement Test Facility (NAPTF). The TESS consists of hydraulic and temperature units, as shown in Figure 24. The function of the hydraulic unit (HU) is to generate forces that create precise and repeatable horizontal displacement to simulate joint opening and closing induced by temperature changes. The main components of the HU are two cylinders that can generate a maximum total joint opening/closing force of 700,000 lb. The force is fully adjustable via the motion controller for monitoring the overlay stress relaxation. The cylinders are closed loop position control (resolution of 0.001 in) with dynamic synchronization from side to side. The temperature unit (TU) is designed to maintain the test temperature with a variation no more than ±1.0oF. The TU consists of a 40-ton chiller and refrigeration grids. As shown in Figure 24, flexible crosslinked polyethylene (PEX) tubes are placed at three depths within PCC slabs to ensure a uniform temperature.
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(a) assembly
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(b) hydraulic cylinder                                     
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 (c) PEX tubing
[bookmark: _Toc468652151]Figure 24. Temperature Effect Simulation System (TESS)
[bookmark: _Toc468311215]


Pavement Construction
Myers, et al. (29), concluded that surface layer stiffening due to environmental aging, possibly in combination with lower temperatures, can exacerbate surface stress development under rapid cooling events and traffic loads. Ellis, et al. (30) verified that reflective cracking can initiate at the surface of thicker overlays (≥8 in.). De Bondt (31) reported that secondary reflective cracking initiated away from a joint after primary reflective cracking developed. Interface around a crack tip can be debonded between the HMA overlay and the underlying layer due to double flexural deformation of cracked overlay. Zhou and Sun (32) observed double and single reflective cracking in thin HMA overlays in a laboratory accelerated pavement test (APT) and field survey. In the APT, reflective cracking was initiated 1.6 to 2.4 in from the joint and propagated vertically toward the surface of the overlay. In the field survey, investigators found reflective cracking in approximately 90% of joints (473 out of 525), of which a majority (97%) had double cracks. 

It is a common practice to construct AC overlay in 2.0-2.5 in lifts in airfields. To accommodate the standard paving operation, it was desirable to determine the proper overlay thickness. Using previously developed 3-D FE model, the tensile stress distribution within the overlay for three thicknesses, 4, 5, and 6 in are plotted in Figure 25. Most tensile stresses exist in the lower portion of the overlay. The overlay thickness has a negligible impact on the maximum tensile stress at the overlay bottom for the three thicknesses considered. From full-scale test point of view, a 5-in thick AC overlay can be easily constructed with two 2.5-in lifts) and avoid possible secondary cracks. To focus on the traditional “bottom-up” phenomenon and avoid the secondary crack in full-scale tests, a pavement structure consisting of 5 in AC, 12 in PCC, and 250 in subgrade was selected for this study. 


[image: ]
[bookmark: _Toc468652152]Figure 25. Comparison of different overlay thicknesses
For full-scale test purposes, a test pavement was constructed at NAPTF. Standard FAA materials were used, P-401 (PG 64-22) for AC and P-501 for PCC. To reduce the friction between the PCC slabs and foundation, a 0.25-in.-thick Teflon® sheet was sandwiched between two layers. The PCC layer consisted of two 12-in thick, 15- by 15-ft heavy broom finished slabs; one was stationary and the other was movable. A thin tack coat of straight PG 64-22 asphalt was applied before HMA placement. It was believed the combination of straight asphalt and heavy broom finish would ensure minimum interface debonding, because the bond shear strength was much higher than shear stress calculated from FEA. The HMA layer was constructed with two 2.5-in. lifts. The completed test pavement is shown in Figure 26. The preliminary shake-down of the TESS unintentionally damaged the overlay and resulted in only a 15–in. intact portion left on the north side (33). The mishaps had resulted in a much more complicated (unknown) stress state in the test pavement. Therefore, the analysis conducted using instrumentation may not represent what would have happened if the pavement was undamaged.
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(a) Concrete slab
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(b) HMA overlay
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(c) completion
[bookmark: _Toc468652153]Figure 26. Phase I test pavement construction
[bookmark: _Toc468311216]Pavement Instrumentation
Pavement cracks may start as microcracks that later coalesce to form macrocracks that propagate due to tensile, shear stress, or combinations of both. These cracks have been observed to grow in a discontinuous manner under cyclic loading conditions (34-37). The crack initiation and propagation are two distinct stages in the reflective cracking process of pavement systems, neglecting the ultimate failure stage, in which the crack growth rate increases rapidly as global instability is approached (38). Observing crack-progression in full-scale tests has been challenging. Specifically, the fracture process zone ahead of the crack tip has complex phenomena where aggregates can slide along and bridge the crack face (39). Several techniques have been used to capture and quantify the crack development, such as crack foil (40) and Digital Image Correlation (41). Based upon previous instrumentation experience at NAPTF, two types of sensors were used in this study to acquire information of crack progression, surface strain gage (SG) and crack detector (CD). The CD is simply a single strand of copper wire, and any erratic change in the output signal (i.e., voltage) indicates a discontinuity. Grinding of the pavement surface accomplished both the creation of a slight indentation as well as a smooth area for the installation of the sensor. The sensors were later placed on the prepared surface with the manufacturer’s recommended adhesive. Next, a thin layer of coating was applied on top of each sensor for water- and corrosion-proof purposes. Extensometers (E) were installed on the pavement surface to measure the opening of existing cracks. In addition, thermocouples (T) were installed at various depths in the overlay. As depicted in Figure 27, on the pavement surface, SGs and CDs were placed on the “best guess” path of the existing crack to monitor horizontal propagation. On the side of pavement, all SGs and CDs were put directly above the PCC joint where the bottom-up crack would be most likely to occur. The center 6 in. of the pavement was painted white for better image quality.

[image: ]
[bookmark: _Toc468652154]Figure 27. Instrumentation layout: surface (a) and side (b)
[bookmark: _Toc468311217]Full-scale Test, Results, and Analysis
A series of trial tests were performed first to evaluate the performance of TESS. It was found that, with the insulation cover on the pavement surface, the currently design of TU could maintain a temperature of 32oF at the AC-PCC interface, while the indoor ambient temperature is above 80oF. As for the HU performance, a ramp loading example is given in Figure 28a. The loading rate has a significant influence on the precision of the strain level achieved. The faster the actuator moves, the less control there is on the strain level. Since in a full-scale test it is desirable to establish a known value, a displacement rate of 0.05 mil/sec was chosen as being the best approximation from Texas Overlay Tester results. As represented by the red line in Figure 28a, it took the actuator 300 sec to move from the initial position (joint opening of 0.250 in.) to 0.265 in. At this point, the actuator was held in position to simulate a strain-controlled scenario and thereby allowed the overlay to relax. During this time, actual actuator forces were recorded. The test was aborted after 1 hour, as only negligible measurable decreasing changes in the actuator force were obtained after this time. The blue line indicated that the magnitude of actuator force dropped sharply in the first 2 minutes and then gradually declined due to the stress relaxation in the overlay. From the moment at which the constant actuator displacement was achieved, recorded actuator force and displacement were fitted using a power law regression, so the relaxation modulus can be determined (42, 43). As shown in Figure 28b, the full-scale test derived modulus was about 37 % higher than the interconverted E(t).

Trial tests suggested an adequate performance of the TESS. The formal test took place in May 2012. The first two phases were conducted using a sinusoidal displacement waveform with a 0.015-in. joint opening. Two loading rates, one cycle per 600 and 300 sec, were used, respectively. In Phase III, a ramp loading with a displacement rate of 0.10 mil/sec was applied to propagate the crack through the top 0.5-in. overlay.
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(a) Actuator position and force                             
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 (b) Relaxation modulus
[bookmark: _Toc468652155]Figure 28. Trial test results
As mentioned before, the formal test was conducted on the 15-in. uncracked portion of the pavement. SGs and CDs were used to monitor the propagation of existing cracks on the surface and bottom-up cracks on the side. SG responses are plotted in Figure 29a. In Phase II, the higher displacement rate would be expected to lead to a higher strain response, but this did not happen. Based upon the gage location (Figure 27), the necessary number of cycles to form an invisible damaged area/zone varies:
· If the gage is on the crack path, such as SG-2, a continuous raise in tension will be recorded as the gage bridges the crack and eventually goes out of range.
· If the gage is off but close to the crack path (within 0.5 in.), such as SG-1 and SG-3, a significant drop in tension will be recorded as the strain energy is released by the crack formation.
· If the gage is away from the crack path (more than 0.5 in.), such as SG-4, a constant low-magnitude tensile strain will be recorded.
The pavement strength on the surface under cyclic loading, therefore, was further estimated from the full-scale relaxation modulus and SG-2 response. This repeated loading-associated cracking strength is about 330 psi. As pictured in Figure 29b, by the end of 2089 loading cycles, all CDs except for CD-6 clearly registered the timestamp of crack formation. Before the copper wires eventually broke, there was a certain amount of signal noise introduced by the fatigue of the wire itself.
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(a) Embedded strain gage
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(b) Crack detector
[bookmark: _Toc468652156]Figure 29. Instrumentation responses
Since different loading rates were used in Phase I and II, the pavement damage can be calculated from the Texas Overlay Tester results, assuming the validity of Miner’s law (44):
[image: ]                  (4)

Phase II caused much more damage in the overlay than Phase I, as it counts for about 67% of the total damage. Consequently, an equivalent number of cycles was calculated for individual loading rates, 4784 cycles at 0.05 mil/sec and 1058 cycles at 0.10 mil/sec, respectively. The bottom-up crack propagation (on the side of pavement) was further investigated. In Figure 30a, the low pair of data points was from SG-3, the middle ones were from CD-5, and the upper ones were visual observations at the end of Phase II. Although the higher loading rate did not result in higher strain level, it is apparent that the loading rate had a substantial influence on the crack propagation, especially when the crack reached the upper portion of the overlay. The crack length progressed rapidly at the beginning, and its propagation rate became smaller and smaller with crack length growth. This observation indicates that the crack propagation stage undergoes a transition from aggressive to quiescent, which implies saturation. If a temperature-induced loading condition is fixed, there exists a critical thickness of the HMA overlay, below which it may take thousands of cooling cycles to propagate the crack to the surface.

After 2089 cycles of cyclic loading, the bottom-up crack still did not penetrate the top 0.5-in. overlay. A ramp loading with a displacement rate of 0.10 mil/sec was then applied. Phase III was aborted once the bottom-up crack became visible on the surface. A complete history of actuator position and force is given in Figure 30b. During the first 1.5 minutes, a spiky raise of tensile actuator force was recorded. Two minutes later, the force started to flatten, which suggests the complete crack propagation and separation of two overlay pieces. Interestingly, the initial closing (negative) force generated by the actuator revealed that the stress state at the bottom of overlay was in compression. Since there was no rest period between Phase II and III, the compressive actuator force could have some counter effect on the bottom-up crack development. The next section presents more discussion on this speculation. 
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(a) Cyclic loading
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(b) Ramp loading
[bookmark: _Toc468652157]Figure 30. Crack propagation
[bookmark: _Toc468311218]Discussion
Previous FE simulations suggested a nonuniform horizontal displacement along the PCC joint due to the overall rigidity of the TESS (15). Thus, during the construction of concrete slabs, several displacement transducers (DT) were installed between two slabs and at 1.875 in. below the surface. The green line in Figure 6g represents the horizontal displacement from one DT at 65 in. from the slab edge. This horizontal displace was constantly 11.3 mil throughout the cyclic loading because the joint opening was fixed at 15 mil. Directly above the DT, an extensometer (E) captured a nonstop widening of the crack opening on the surface. Figure 31a indicated that an unintentional closing (compressive) actuator force acting at the overlay bottom was generated and accumulated. Readings from the same two gages during Phase III are presented in Figure 31b. By releasing the horizontal displacement between two slabs, more equal crack opening rates at top and bottom were achieved before the overlay broke fully into two pieces (the first 3-4 minutes). It therefore can be concluded that the compressive force had a counter effect on the crack propagation during cyclic loading tests, in which sufficient time was not allowed for HMA to relax. 

Crack saturation in the AC overlay on rigid pavement has not been widely investigated by the research community. Instrumentation data revealed that once bottom-up reflection crack length reached a certain level, crack development can rapidly progress. Because of the complex nature of AC materials, if reflection cracks form over a certain period, such as the case of high-cycle thermal fatigue, some strain energy will be dissipated through the creep; therefore, the actual crack length can be much smaller than the present results.
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(a) Cyclic loading   
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(b) Ramp loading
[bookmark: _Toc468652158]Figure 31. Crack opening
[bookmark: _Toc468311219]Summary
Temperature induced reflective cracks occur due to existing cracks or joints in the underlying pavement growing through the overlay. To assist airport engineers and others concerned with the design of AC overlay on rigid airport pavement, the FAA initiated a full-scale reflective cracking test project. The research was focused on how to mechanically simulate horizontal joint movements purely due to temperature changes and therefore monitor the reflection crack initiation and propagation in the overlay. 

Critical pavement temperatures were first identified from temperature analysis. As finite element analysis showed that mechanical load did not introduce any considerable errors to either the shear stress distribution at the AC-PCC interface or the maximum tensile stress at the overly bottom, it was then concluded temperature load can be substituted by mechanical load in full-scale tests. Laboratory tests were carried out to determine the appropriate loading rate and optimum interface bonding condition. A prototype, TESS was then designed, built, and installed at the NAPTF.  A test pavement was also constructed to support full-scale tests. 

Preliminary full-scale tests demonstrated that the TESS could not only generate accurate horizontal displacements at the slab joint but also effectively control the pavement temperature. Since neither the interface slippage nor secondary crack occurred, it can be concluded that a combination of heavy broom-finished and straight asphalt tack provided a satisfactory bonding condition at the AC-PCC interface. Both crack initiation and propagation were successfully captured through instrumentation devices. However, since the testing protocol did not include rest period during cyclic loading tests, a significant joint closing force was generated and accumulated at the overlay bottom and consequently interfered with further crack development. 
[bookmark: _Toc445187079][bookmark: _Toc468311220]Data Storage and Organization
Placeholder until RC Database in place
[bookmark: _Toc468311221]References
1. Federal Aviation Administration (2009) AC 150/5320-6E, Airport Pavement Design and Evaluation.
2. Mukhtar, M. and Dempsey, B. (1996) “Interlayer Stress Absorbing Composite (ISAC) for Mitigating Reflection Cracking in Asphalt Concrete Overlays,” Project IHR-533, Report No.UILU-ENG-96-2006, Illinois Cooperative Highway Research Program, Illinois Department of Transportation.
3. Bozkurt, D. and Buttlar, W. (2002) “Three Dimensional Finite Element Modeling to Evaluate Benefits of Interlayer Stress Absorbing Composite for Reflective Crack Mitigation”, Presented at the FAA Airport Technology Transfer Conference.
4. Bozkurt, D. (2002) Three Dimensional Finite Element Analysis to Evaluate Reflective Cracking Potential in Asphalt Concrete Overlays, Submitted in Partial Fulfillment of the Requirements for the Degree of Doctor of Philosophy in Civil Engineering, University of Illinois at Urbana-Champaign.
5. Barber, E. S. (1957) “Calculation of Maximum Pavement Temperatures from Weather Reports,” Bulletin 168, Highway Research Board, National Research Council, Washington, DC. 
6. Dempsey, B. J. and Thompson, M.R. (1970) “A Heat Transfer Model for Evaluating Frost Action and Temperature Related Effects in Multi-Layered Pavement Systems,” Highway Research Record 342, Highway Research Board, National Research Council, Washington DC.
7. Faraggi, V., Jofre, C., and Kraemer, C. (1987) “Combined Effect of Traffic Loads and Thermal Gradients on Concrete Pavement Design,” Transportation Research Record 1136, Transportation Research Board. 
8. Dempsey, B. J., Herlache, W. A., and Patel, A. J. (1984) “The Climatic-Materials-Structural Pavement Analysis Program User’s Manual,” FHWA/RD-84/115, Final Report, Federal Highway Administration, Washington DC. 
9. Larson, G. and Dempsey, B. J. (1997) “Enhanced Integrated Climatic Model, Version 2.0,” Final Report Contract DTFA MN/DOT/72114, Minnesota Department of Transportation. 
10. Kapiri, M., Tutumluer, E., and Barenberg, E. J. (2000) “Analysis of Temperature Effects on Pavement Response at Denver International Airport,” Proc, 26th International Air Transportation Conference (IATC), San Francisco, California. 
11. Yin, H., Solaimanian, M., Stoffels, S., and Kumar, T. (2007) The Effect of Loading Time on Flexible Pavement Dynamic Response: A Finite Element Analysis, Mechanics of Time-Dependent Materials.
12. Yin, H., Stoffels, S., and Solaimanian, M. (2008) Optimization of Asphalt Pavement Modeling Based on the Global-Local 3D FEM Approach, International Journal of Road Materials and Pavements Design.
13. Yin, H. (2012) An Analytical Procedure for Strain Response Prediction of Flexible Pavement, International Journal of Pavement Engineering.
14. Schapery, R. and Park, S. (1999) “Methods of Interconversion Between Linear Viscoelastic Material Functions. Part II – An Approximate Analytical Method,” International Journal of Solids and Structures.
15. Yin, H. (2011) Full-Scale Reflective Cracking Test, FAA Airport Pavement Working Group Meeting, Mount Laurel, NJ.
16. Germann, F. P. and Lytton, R. L. (1979) Methodology for Predicting the Reflection Cracking Life of Asphalt Concrete Overlays, Research Report FHWA/TX-79/09+207-5, College Station, TX.
17. Gallego, J. and Prieto, J. N. (2006) New Laboratory Equipment for Study of Reflective Cracking in Asphalt Overlays, 85th Annual Meeting of the Transportation Research Board, Washington, D.C.
18. Pérez, S.A., Balay, J.M., Petit, Ch., and Wendling, L. (2008) Improvement of a Laboratory Reflective Cracking Test by Mean of the LCPC’s APT FABAC Machine, 3rd International Conference on Accelerated Pavement Testing. 
19. Bennert, T. (2010) Flexible Overlays for Rigid Pavements, FHWA-NJ-2009-014, NJ DOT.
20. Zhou, F. and Scullion, T. (2003) Upgraded Overlay Tester and Its Application to Characterize Reflection Cracking Resistance of Asphalt Mixtures. Texas Transportation Institute, The Texas A&M University System, USA.
21. Texas DOT (2009) Tex-248-F: Test Procedure for OVERLAY TEST.
22. Livneh, M., and Shklarsky, E. (1962) The Bearing Capacity of Asphalt Concrete Surfacing, Proc., 1st International Conference on the Structural Design of Asphalt Pavements, University of Michigan, Ann Arbor.
23. Mohammad, L.N., Elsifi, M.A., Bae, A., Patel, N., Button, J., and Scherocman, J.A. (2012) Optimization of Tack Coat for HMA Placement, NCHRP Report 712, Transportation Research Board, Washington, D.C.
24. West, R.C., Zhang, J., and Moore, J. (2005) Evaluation of Bond Strength Between Pavement Layers, NCAT Report, AL.
25. Sholar, G.A., Page, G.C., Musselman, J.A., Upshaw, P.B., and Moseley, H.L. (2004) Preliminary Investigation of a Test Method to Evaluate Bond Strength of Bituminous Tack Coats, Journal of the Association of Asphalt Pavement Technologists, Volume 73.
26. Roffe, J.C., and Chaignon, F. (2002) Chatacterisation Tests on Bond Coats: Worldwide Study, Impact, Tests, and Recommendations, 3rd International Conference Bituminous Mixtures and Pavements, Thessaloniki.
27. Chiawat, N. and Buttlar, W. (2012) Interim Progress Report: Laboratory Evaluation of FAA Reflective Cracking Rig Materials, University of Illinois at Urbana-Champaign.
28. [bookmark: OLE_LINK4]Behnia, B. and Buttlar, W. (2011) Interim Progress Report: Laboratory Testing and ABAQUS Modeling, University of Illinois at Urbana-Champaign.
29. Myers, L.A., Roque, R., and Ruth B.E., (1998) Mechanisms of Surface-Initiated Longitudinal Wheel Path Cracks in High-Type Bituminous Pavements, Proceedings, Volume 67, Association of Asphalt Paving Technologists. 
30. Ellis, S. J., and Langdale, P.C. (2002) Performance of Techniques To Minimise Reflection Cracking and Associated Developments in Pavement Investigation for Maintenance of UK Military Airfields, Federal Aviation Administration Airport Technology Transfer Conference, Atlantic City, NJ.
31. De Bondt, A. H. (1998) Anti-Reflective Cracking Design of (Reinforced) Asphalt Overlays, Ph.D. Dissertation, Department of Civil Engineering, Delft University of Technology, Delft, The Netherlands.
32. Zhou, F. and Sun, L. (2002) Reflective cracking in asphalt overlay on existing PCC, Proceedings of the 9th International Conference on Asphalt Pavements, Copenhagen, Denmark.
33. Yin, H. (2012) Full-Scale Reflective Cracking Test Update, FAA Airport Pavement Working Group Meeting, Atlantic City, NJ.
34. Jacobs, M.M.J., Hopman, P.C. and Molenaar, A.A.A. (1996) Application of Fracture Mechanics Principles to Analyze Cracking in Asphalt Concrete, Journal of the Association of Asphalt Paving Technologists.
35. Kim, Y.R., Lee, H-J., and Little, D.N. (1997) Fatigue Characterization of Asphalt Concrete Using Viscoelasticity and Continuum Damage Theory, Journal of the Association of Asphalt Paving Technologists.
36. Roque, R., Zhang, Z., and Sankar, B. (1999) Determination of Crack Growth Rate Parameters of Asphalt Mixtures Using the Superpave Indirect Tension Test (IDT), Journal of the Association of Asphalt Paving Technologists.
37. Zhang, Z., Roque, R., and Birgisson, B. (2001) Evaluation of Laboratory Measured Crack Growth Rate for Asphalt Mixtures, Transportation Research Record 1767, Washington, D.C.
38. Elseifi, M. and Al-Qadi, I. (2004) Simplified Overlay Design Model against Reflective Cracking Utilizing Service Life Prediction, International Journal of Road Materials and Pavements Design.
39. Wagoner, M.P. and Buttlar, W.G. (2007) Influence of Specimen Size on Fracture Energy of Asphalt Concrete, Journal of the Association of Asphalt Paving Technologists.
40. Jacobs, M. M. J. (1995) Crack Growth in Asphaltic Mixes, Ph. D. Dissertation, Delft University of Technology, Road Railroad Research Laboratory, The Netherlands.
41. Seo, Y., Kim, Y. R., Schapery, R. A., Witczak, M. W., and Bonaquist, R. (2004) A Study of Crack-Tip Deformation and Crack Growth in Asphalt Concrete Using Fracture Mechanics, Journal of the Association of Asphalt Paving Technologists.
42. Cleveland, G.S., Button, J.W., and Lytton, R.L. (2002) Geosynthetics in Flexible and Rigid Pavement, FHWA/TX-02/1777-1, Texas Transportation Institute, College Station, Texas.
43. Chowdhury, A., Button, J.W., and Lytton, R.L. (2009) Tests of HMA Overlays Using Geosynthetics to Reduce Reflective Cracking, FHWA/TX-10/0-1777-3, Texas Transportation Institute, College Station, Texas.
44. Miner, M.A. (1945) Cumulative Damage in Fatigue, Transactions of the American Society of Mechanical Engineers.




[bookmark: _Toc126138947]Extreme temperature data from the National Climate Data Center (between 1971 - 2000)
[bookmark: _Toc468311222]Table A1. Highest daily temperature of record, oF
	AIRPORT and STATE
	REGION
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	OCT
	NOV
	DEC

	BIRMINGHAM AP,AL
	Southern
	52.8
	58.3
	66.5
	74.1
	81
	87.5
	90.6
	90.2
	84.6
	74.9
	64.5
	56

	HUNTSVILLE, AL
	Southern
	48.9
	54.6
	63.4
	72.3
	79.6
	86.5
	89.4
	89
	83
	72.9
	61.6
	52.4

	MOBILE, AL
	Southern
	60.7
	64.5
	71.2
	77.4
	84.2
	89.4
	91.2
	90.8
	86.8
	79.2
	70.1
	62.9

	MONTGOMERY, AL
	Southern
	57.6
	62.4
	70.5
	77.5
	84.6
	90.6
	92.7
	92.2
	87.7
	78.7
	68.7
	60.3

	ANCHORAGE, AK
	Alaska
	22.2
	25.8
	33.6
	43.9
	54.9
	62.3
	65.3
	63.3
	55
	40
	27.7
	23.7

	ANNETTE, AK
	Alaska
	39.7
	41.9
	44.7
	49.8
	55.7
	60.3
	64.1
	64.6
	59.6
	51.4
	44.2
	40.7

	BARROW, AK
	Alaska
	-7.7
	-9.8
	-7.4
	6.3
	24.9
	39.5
	46.5
	43.6
	34.8
	19.3
	4.6
	-4.7

	BETHEL, AK
	Alaska
	12.4
	13.9
	21.8
	33.3
	49.4
	59.4
	63.1
	59.7
	51.7
	35.3
	23.1
	15.6

	BETTLES,AK
	Alaska
	-3.1
	2
	16.4
	34.1
	54.9
	68.7
	70.8
	63.2
	49.1
	25.4
	6.4
	0.4

	BIG DELTA,AK
	Alaska
	4.4
	10.9
	25.1
	42.5
	57.8
	67.3
	70.4
	64.8
	53.2
	31.1
	13.5
	7.2

	COLD BAY,AK
	Alaska
	32.8
	32.3
	35.1
	38.2
	44.9
	50.8
	55.1
	56.2
	52.5
	45
	39.1
	35.5

	FAIRBANKS, AK
	Alaska
	-0.3
	8
	25
	43.6
	60.6
	70.9
	73
	66.3
	54.3
	31.4
	11.2
	3.3

	GULKANA,AK
	Alaska
	3.5
	13.8
	28.2
	42.4
	55.6
	65
	68.5
	64.5
	53.4
	34.3
	13.2
	6.4

	HOMER, AK
	Alaska
	29.3
	31.4
	36.3
	43.4
	50.6
	57
	61
	60.8
	54.8
	44.1
	35.2
	31.6

	JUNEAU, AK
	Alaska
	30.6
	34.3
	39.5
	48.1
	55.7
	61.6
	64.3
	63.1
	56.1
	46.9
	37.6
	33

	KING SALMON, AK
	Alaska
	22.8
	23.8
	32
	41.3
	52.1
	59.5
	63.8
	62.2
	54.9
	40.5
	30.5
	25.1

	KODIAK, AK
	Alaska
	34.7
	35.5
	38.3
	42.7
	48.8
	54.5
	59.6
	61.4
	55.6
	46.2
	39
	35.8

	KOTZEBUE, AK
	Alaska
	3.7
	3
	7.2
	19.6
	37.8
	50.8
	60
	56.7
	46.4
	27.5
	13.3
	6

	MCGRATH, AK
	Alaska
	2.3
	10.7
	25.3
	40.5
	56.8
	67.6
	69.7
	64.1
	53.4
	32.2
	13.8
	4.8

	NOME, AK
	Alaska
	13.4
	13.6
	17.7
	26.8
	43
	53.9
	58.6
	56
	48.6
	34
	23
	15.8

	ST. PAUL ISLAND, AK
	Alaska
	29.8
	27.6
	28.8
	32.8
	39.8
	46.2
	50.3
	51.6
	49.2
	42.5
	37.1
	32.9

	TALKEETNA, AK
	Alaska
	19.6
	25.7
	34
	44.6
	56.7
	65.4
	67.9
	64.6
	55.1
	39.1
	25.6
	21.2

	UNALAKLEET, AK
	Alaska
	10.5
	12.7
	19.6
	31.5
	46.9
	55.2
	62
	59.6
	51.3
	33.6
	20.2
	13.6

	VALDEZ, AK
	Alaska
	26.6
	30
	35.8
	44.4
	52.9
	59.4
	62.3
	60.8
	53.3
	43
	32.7
	29.1

	YAKUTAT, AK
	Alaska
	32.1
	35.7
	39.3
	45.1
	51.1
	56.6
	60.1
	60.4
	55.7
	47.3
	38.4
	34.3

	FLAGSTAFF, AZ
	Western Pacific
	42.9
	45.6
	50.3
	58.4
	67.6
	78.7
	82.2
	79.7
	73.8
	63.1
	50.8
	43.7

	PHOENIX, AZ
	Western Pacific
	67.3
	71.4
	76.1
	84.7
	93.9
	103.9
	106.6
	104.5
	99
	87.7
	75
	67.1

	TUCSON, AZ
	Western Pacific
	64.5
	68.4
	73.3
	81.5
	90.4
	100.2
	99.6
	97.4
	94
	84
	72.3
	64.6

	WINSLOW, AZ
	Western Pacific
	47.1
	54.4
	61.5
	69.8
	79
	90
	93
	90.1
	83.5
	71.7
	57.7
	47.1

	YUMA, AZ
	Western Pacific
	69.9
	75.2
	80.1
	87.2
	94.7
	104.4
	107.3
	106.1
	101
	90.3
	77.3
	69

	FORT SMITH, AR
	Southwest
	48.1
	54.8
	64.2
	73.2
	80
	87.7
	92.9
	92.6
	84.9
	75
	61.4
	50.9

	LITTLE ROCK, AR
	Southwest
	49.5
	55.6
	64.2
	72.9
	81
	89
	92.8
	92.1
	85.1
	75.1
	62
	52.5

	NORTH LITTLE ROCK, AR
	Southwest
	49.1
	55.1
	64.1
	73.2
	80.5
	88.6
	93.5
	92.6
	85
	74.8
	61.6
	51.9

	BAKERSFIELD, CA
	Western Pacific
	56.3
	63.5
	68.3
	75.7
	83.8
	91.6
	96.9
	95.4
	89.4
	79.5
	65.3
	56.1

	BISHOP, CA
	Western Pacific
	53.6
	58.4
	64.3
	72.1
	81.2
	91.5
	97.9
	95.8
	87.6
	76
	62.4
	54.3

	EUREKA, CA.
	Western Pacific
	55
	55.9
	56.1
	57.4
	59.6
	61.8
	63.3
	63.9
	63.6
	61.3
	58
	55.1

	FRESNO, CA
	Western Pacific
	53.6
	61.3
	66.1
	74
	82.7
	90.9
	96.6
	94.8
	88.8
	78.1
	63
	53.4

	LONG BEACH, CA
	Western Pacific
	68
	68.5
	68.9
	72.7
	74
	78.3
	82.9
	84.6
	83.1
	78.9
	73.4
	68.8

	LOS ANGELES AP, CA
	Western Pacific
	65.6
	65.8
	65.3
	68
	69.3
	72.6
	75.3
	76.8
	76.5
	74.3
	70.4
	66.7

	LOS ANGELES C.O., CA
	Western Pacific
	68.1
	69.6
	69.8
	73.1
	74.5
	79.5
	83.8
	84.8
	83.3
	79
	73.2
	68.7

	MOUNT SHASTA, CA
	Western Pacific
	44.2
	47.6
	52.1
	59.2
	67.3
	75.5
	83.2
	82.6
	76
	64.4
	49.9
	43.8

	REDDING, CA
	Western Pacific
	55.4
	60.1
	63.9
	70.6
	80.7
	90.7
	98.5
	96.9
	90.2
	78.4
	62.4
	55.6

	SACRAMENTO, CA
	Western Pacific
	53.8
	60.5
	64.7
	71.4
	80
	87.4
	92.4
	91.4
	87.5
	78.2
	63.7
	53.9

	SAN DIEGO, CA
	Western Pacific
	65.8
	66.3
	66.3
	68.7
	69.3
	72.2
	75.8
	77.5
	77
	74
	69.9
	66.3

	SAN FRANCISCO AP, CA
	Western Pacific
	55.9
	59.3
	61.2
	64.3
	66.8
	69.9
	71.1
	71.7
	72.7
	69.7
	62
	56.1

	SAN FRANCISCO C.O., CA
	Western Pacific
	58.1
	61.4
	62.5
	64.5
	65.4
	67.7
	68.2
	69.2
	71.3
	70.4
	64.1
	58.6

	SANTA BARBARA, CA
	Western Pacific
	65.4
	66.3
	67.4
	70.1
	71.2
	74.4
	76.7
	78.7
	78.2
	75.4
	71
	66.4

	SANTA MARIA, CA
	Western Pacific
	63.9
	64.8
	64.8
	67.6
	68.6
	71.4
	73.5
	74.2
	74.9
	74
	69.2
	64.9

	STOCKTON, CA
	Western Pacific
	53.8
	61.2
	66.1
	73.3
	81.3
	88.9
	93.8
	92.6
	88.2
	78.6
	64
	53.8

	ALAMOSA, CO
	Northwest Mountain
	33.1
	40.2
	49.6
	58.7
	68.3
	78.4
	81.7
	78.9
	72.5
	61.7
	45.7
	34.8

	COLORADO SPRINGS, CO
	Northwest Mountain
	41.7
	45.4
	51.6
	59.2
	68.4
	79.2
	84.4
	81.6
	74.1
	63.4
	49.8
	42.4

	DENVER, CO
	Northwest Mountain
	43.2
	47.2
	53.7
	60.9
	70.5
	82.1
	88
	86
	77.4
	66
	51.5
	44.1

	GRAND JUNCTION, CO
	Northwest Mountain
	36.6
	45.4
	55.7
	64.3
	74.5
	86.9
	92.1
	89.6
	80.3
	66.7
	49.8
	38.9

	PUEBLO, CO
	Northwest Mountain
	44.6
	50.4
	57.3
	65.3
	74.6
	86.1
	91.4
	88.8
	80.8
	69.4
	54.3
	45.4

	BRIDGEPORT, CT
	New England
	36.9
	38.8
	46.9
	57
	67.4
	76.4
	81.9
	80.7
	73.6
	63.1
	52.6
	42.1

	HARTFORD, CT
	New England
	34.1
	37.7
	47.7
	59.9
	71.7
	80
	84.9
	82.5
	74.3
	63.1
	50.9
	39

	WILMINGTON, DE
	Eastern
	39.3
	42.5
	51.9
	62.6
	72.5
	81.1
	86
	84.1
	77.2
	65.9
	55
	44.4

	WASHINGTON DULLES AP, D.C.
	DC
	41.4
	45.5
	55
	65.9
	74.6
	82.8
	87.4
	85.9
	78.9
	67.7
	56.5
	45.9

	WASHINGTON NAT'L AP, D.C.
	DC
	42.5
	46.5
	55.7
	66.3
	75.4
	83.9
	88.3
	86.3
	79.3
	68
	57.3
	47

	APALACHICOLA, FL
	Southern
	62.4
	64.8
	69.9
	76
	83
	88.3
	89.8
	89.4
	87
	79.9
	72
	65

	DAYTONA BEACH, FL
	Southern
	69.7
	71.1
	75.6
	79.8
	85
	88.8
	91
	90.1
	87.9
	82.6
	76.9
	71.4

	FORT MYERS, FL
	Southern
	75.3
	76.5
	80.5
	84.5
	89.1
	91.2
	91.7
	91.7
	90.3
	86.3
	81.3
	76.6

	GAINESVILLE, FL
	Southern
	66.2
	69.3
	75.1
	80.4
	86.5
	89.9
	90.9
	90.1
	87.4
	81
	74.4
	68.1

	JACKSONVILLE, FL
	Southern
	64.2
	67.3
	73.4
	78.6
	84.3
	88.7
	90.8
	89.4
	86.1
	79.1
	72.5
	65.8

	KEY WEST, FL
	Southern
	75.3
	75.9
	78.8
	81.9
	85.4
	88.1
	89.4
	89.5
	88.2
	84.7
	80.6
	76.7

	MIAMI, FL
	Southern
	76.5
	77.7
	80.7
	83.8
	87.2
	89.5
	90.9
	90.6
	89
	85.4
	81.2
	77.5

	ORLANDO, FL
	Southern
	71.8
	73.9
	78.8
	83
	88.2
	91
	92.2
	92
	90.3
	85
	78.9
	73.3

	PENSACOLA, FL
	Southern
	61.2
	64.4
	70.2
	76.2
	83.4
	89
	90.7
	90.1
	87
	79.3
	70.3
	63.4

	TALLAHASSEE, FL
	Southern
	63.8
	67.4
	74
	80
	86.5
	90.9
	92
	91.5
	88.5
	81.2
	72.9
	65.8

	TAMPA, FL
	Southern
	70.1
	71.6
	76.3
	80.6
	86.3
	88.9
	89.7
	90
	89
	84.1
	78
	72

	VERO BEACH, FL
	Southern
	73.3
	74.1
	77.6
	81.4
	85.2
	89
	90.4
	90.2
	88.7
	84.3
	79.1
	74.7

	WEST PALM BEACH, FL
	Southern
	75.1
	76.3
	79.2
	82.1
	85.9
	88.5
	90.1
	90.1
	88.7
	85
	80.4
	76.4

	ATHENS, GA
	Southern
	51.4
	56.5
	64.7
	73
	80.5
	87.2
	90.2
	88.2
	82.5
	72.9
	63.2
	54.2

	ATLANTA, GA
	Southern
	51.9
	56.8
	65
	72.9
	80
	86.5
	89.4
	87.9
	82.3
	72.9
	63.3
	54.6

	AUGUSTA,GA
	Southern
	56.5
	61.3
	69.2
	76.7
	83.9
	89.6
	92
	90.2
	85.3
	76.5
	67.8
	59.1

	COLUMBUS, GA
	Southern
	56.9
	61.6
	69.4
	76.5
	83.2
	89.5
	91.7
	91
	86
	77
	67.6
	59.2

	MACON, GA
	Southern
	56.6
	60.9
	68.5
	75.9
	83.4
	89.5
	91.8
	90.5
	85.4
	76.8
	67.8
	59.2

	SAVANNAH, GA
	Southern
	60.4
	64.1
	71
	77.7
	84.3
	89.5
	92.3
	90.3
	86
	78.1
	70.5
	62.6

	HILO, HI
	Western Pacific
	79.2
	79.4
	79.2
	79.3
	80.6
	82.2
	82.5
	83.2
	83.4
	82.7
	80.7
	79.5

	HONOLULU,HI
	Western Pacific
	80.4
	80.7
	81.7
	83.1
	84.9
	86.9
	87.8
	88.9
	88.9
	87.2
	84.3
	81.7

	KAHULUI, HI
	Western Pacific
	80.3
	80.8
	81.5
	82.5
	84.3
	86
	86.9
	87.9
	88.1
	86.9
	84.1
	81.7

	LIHUE, HI
	Western Pacific
	77.9
	77.9
	78.1
	78.8
	80.6
	82.7
	83.9
	84.9
	85
	83.5
	81
	79

	BOISE, ID
	Northwest Mountain
	36.7
	44.5
	53.6
	61.7
	70.7
	80.3
	89.2
	88
	77.2
	64.3
	47.5
	37.2

	LEWISTON, ID
	Northwest Mountain
	39.4
	45.6
	53.8
	61.6
	70
	78
	87.6
	87.6
	76.7
	62
	46.8
	39.2

	POCATELLO, ID
	Northwest Mountain
	32.5
	39
	48.5
	58.5
	67.7
	78.3
	87.5
	86.8
	75.7
	62
	44.5
	33.8

	CHICAGO,IL
	Great Lakes
	29.6
	34.7
	46.1
	58
	69.9
	79.2
	83.5
	81.2
	73.9
	62.1
	47.1
	34.4

	MOLINE, IL
	Great Lakes
	29.8
	35.6
	48.3
	61.7
	73.3
	82.7
	86.1
	83.9
	76.5
	64.4
	48
	34.5

	PEORIA, IL
	Great Lakes
	30.7
	36.6
	49.4
	62
	73
	82.2
	85.7
	83.6
	76.7
	64.4
	48.8
	35.5

	ROCKFORD, IL
	Great Lakes
	27.2
	33
	45.5
	59.1
	71.2
	79.9
	83.1
	80.9
	73.9
	61.8
	45.5
	32

	SPRINGFIELD, IL
	Great Lakes
	33.1
	38.9
	51.1
	63.4
	74.4
	83.3
	86.5
	84.5
	78.5
	66.6
	50.9
	38

	EVANSVILLE, IN
	Great Lakes
	39.5
	45.4
	56.4
	67.2
	77.1
	86.1
	89.4
	87.8
	81.3
	70
	55.7
	44.1

	FORT WAYNE, IN
	Great Lakes
	31
	35.4
	47.4
	59.8
	71.6
	80.6
	84.3
	81.8
	75.4
	63
	48.5
	35.8

	INDIANAPOLIS, IN
	Great Lakes
	34.5
	39.9
	51.4
	62.9
	73.5
	82.1
	85.6
	83.7
	77.4
	65.6
	51.6
	39.2

	SOUTH BEND, IN
	Great Lakes
	31
	35.5
	46.8
	58.9
	70.7
	79.6
	83.1
	80.7
	73.6
	61.8
	47.7
	35.6

	DES MOINES, IA
	Central
	29.1
	35.4
	48.2
	61.3
	72.3
	81.8
	86
	83.9
	75.9
	63.5
	46.7
	33.1

	DUBUQUE,IA
	Central
	24.8
	30.8
	43.3
	57.4
	69.3
	78.6
	82.1
	79.8
	71.9
	60.3
	43.6
	29.7

	SIOUX CITY, IA
	Central
	28.7
	35
	47.3
	61.7
	73.2
	82.5
	86.2
	83.7
	76
	63.7
	44.8
	31.7

	WATERLOO, IA
	Central
	25.8
	31.9
	45
	59.7
	72.2
	81.7
	85
	82.8
	75.3
	62.5
	45
	30.7

	CONCORDIA, KS
	Central
	36.3
	42.9
	53.9
	64.4
	74
	85
	90.7
	88.4
	79.9
	67.9
	51
	39.6

	DODGE CITY, KS
	Central
	41.4
	48.3
	57.3
	67.1
	75.9
	86.9
	92.8
	90.8
	82
	70.4
	54.5
	44.4

	GOODLAND, KS
	Central
	39.4
	45
	53.2
	62.7
	71.7
	83.6
	89.1
	86.7
	78
	66
	49.6
	41.3

	TOPEKA, KS
	Central
	37.2
	43.8
	55.5
	66.1
	75.3
	84.5
	89.1
	87.9
	80.3
	68.9
	53.1
	40.9

	WICHITA, KS
	Central
	40.1
	47.2
	57.3
	66.9
	76
	87.1
	92.9
	91.6
	82.2
	70.2
	54.5
	43.1

	GREATER CINCINNATI AP, OH
	Great Lakes
	38
	43.1
	53.9
	64.7
	74.4
	82.4
	86.4
	84.8
	78
	66.4
	53.6
	42.7

	JACKSON, KY
	Southern
	42
	46.8
	56.8
	66.8
	73.8
	80.8
	84.2
	83.3
	77.4
	67.5
	56.4
	46.3

	LEXINGTON, KY
	Southern
	39.9
	45.2
	55.3
	65.1
	74
	82.3
	85.9
	84.6
	78.1
	66.9
	54.5
	44.3

	LOUISVILLE, KY
	Southern
	41
	46.6
	56.8
	66.8
	75.4
	83.3
	87
	85.8
	79.4
	68.4
	55.9
	45.4

	PADUCAH KY
	Southern
	41.9
	48
	58.1
	68.4
	76.9
	85.2
	88.6
	87.4
	81.2
	70.8
	57.2
	46.3

	BATON ROUGE, LA
	Southwest
	60
	63.9
	71
	77.3
	84
	89.2
	90.7
	90.9
	87.4
	79.7
	70.1
	62.8

	LAKE CHARLES, LA
	Southwest
	60.6
	64.5
	71.3
	77.4
	84.1
	88.9
	91
	91.3
	87.7
	80.5
	70.6
	63.3

	NEW ORLEANS, LA
	Southwest
	61.8
	65.3
	72.1
	78
	84.8
	89.4
	91.1
	91
	87.1
	79.7
	71
	64.5

	SHREVEPORT, LA
	Southwest
	56.2
	62
	69.7
	76.6
	83.2
	89.8
	93.3
	93.4
	87.6
	78.3
	66.8
	58.5

	CARIBOU, ME
	New England
	19.3
	23.2
	34.1
	47
	62.6
	71.8
	76.3
	74.2
	64.1
	51.4
	37.4
	24.8

	PORTLAND, ME
	New England
	30.9
	34.1
	42.2
	52.8
	63.3
	72.8
	78.8
	77.3
	68.9
	57.9
	47.1
	36.4

	BALTIMORE, MD
	Eastern
	41.2
	44.8
	53.9
	64.5
	73.9
	82.7
	87.2
	85.1
	78.2
	67
	56.3
	46

	BLUE HILL, MA
	New England
	33.8
	36.3
	44.8
	55.5
	67
	75.5
	81.2
	78.9
	71
	60.3
	49.3
	38.6

	BOSTON, MA
	New England
	36.5
	38.7
	46.3
	56.1
	66.7
	76.6
	82.2
	80.1
	72.5
	61.8
	51.8
	41.7

	WORCESTER, MA
	New England
	31.4
	34.1
	43
	54.4
	66.3
	74.4
	79.3
	77.1
	69
	58.4
	47.1
	36.2

	ALPENA, MI
	Great Lakes
	26.1
	28.2
	37.3
	50.3
	64.3
	73.8
	79
	76.1
	67.4
	55.6
	42.2
	31.2

	DETROIT, MI
	Great Lakes
	31.1
	34.4
	45.2
	57.8
	70.2
	79
	83.4
	81.4
	73.7
	61.2
	47.8
	35.9

	FLINT, MI
	Great Lakes
	29.2
	32.3
	43.1
	56.2
	69
	77.7
	82
	79.5
	71.9
	59.7
	46.3
	34.2

	GRAND RAPIDS, MI
	Great Lakes
	29.3
	32.6
	43.3
	56.6
	69.6
	78.4
	82.3
	79.7
	71.7
	59.6
	45.5
	33.7

	HOUGHTON LAKE, MI
	Great Lakes
	25.9
	29.3
	39.4
	53
	67.2
	75.5
	80
	77.1
	68.3
	56
	41.9
	30.5

	LANSING, MI
	Great Lakes
	29.4
	32.6
	43.5
	56.6
	69.4
	78.1
	82.1
	79.7
	72
	59.8
	46
	34.1

	MARQUETTE, MI
	Great Lakes
	19.7
	24.2
	33.1
	45.8
	61.5
	70.3
	75.2
	72.6
	63.2
	50.9
	35.4
	24.1

	MUSKEGON, MI
	Great Lakes
	29.8
	32.5
	42.5
	54.6
	67
	75.6
	80
	78.1
	70.3
	58.7
	45.6
	34.6

	SAULT STE. MARIE, MI
	Great Lakes
	21.5
	24.5
	33.6
	48
	63.2
	70.7
	75.7
	74.1
	64.8
	52.8
	38.9
	27.2

	DULUTH, MN
	Great Lakes
	17.9
	24.4
	34.2
	49
	63.4
	71.2
	76.3
	73.9
	64.5
	52.5
	35.2
	22.3

	INTERNATIONAL FALLS, MN
	Great Lakes
	13.8
	22.4
	34.9
	51.5
	66.6
	74.2
	78.6
	76.3
	64.7
	51.7
	32.5
	18.1

	MINNEAPOLIS-ST.PAUL, MN
	Great Lakes
	21.9
	28.4
	40.6
	57
	70.1
	79
	83.3
	80.4
	71.1
	58.4
	40.1
	26.4

	ROCHESTER, MN
	Great Lakes
	19.9
	26.2
	38.7
	54.8
	67.7
	76.6
	80.1
	77.5
	69.2
	56.9
	38.7
	24.5

	SAINT CLOUD, MN
	Great Lakes
	18.7
	25.7
	37.7
	54.9
	69
	77.3
	81.7
	78.9
	69
	56.3
	37.2
	23.2

	JACKSON, MS
	Southern
	55.1
	60.3
	68.1
	75
	82.1
	88.9
	91.4
	91.4
	86.4
	76.8
	66.3
	57.9

	MERIDIAN, MS
	Southern
	57.5
	62.6
	70.3
	77.1
	83.9
	90.1
	92.9
	92.9
	88
	78.3
	68.5
	60.5

	TUPELO, MS
	Southern
	50.3
	56
	64.8
	73.5
	81
	88
	91.4
	90.9
	84.9
	74.9
	63
	53.6

	COLUMBIA, MO
	Central
	37.4
	43.9
	55.1
	65.9
	74.6
	83.6
	88.6
	87.3
	79.1
	68
	53.4
	41.5

	KANSAS CITY, MO
	Central
	36
	42.6
	54.4
	65.2
	74.6
	83.9
	88.8
	87.1
	79
	67.6
	52
	40

	ST. LOUIS, MO
	Central
	37.9
	44.3
	55.4
	66.7
	76.5
	85.3
	89.8
	87.9
	80.1
	68.3
	53.8
	42

	SPRINGFIELD, MO
	Central
	41.6
	47.7
	57.8
	67.7
	75.9
	84.6
	89.9
	89.5
	81.2
	70.6
	56.4
	45.5

	BILLINGS, MT
	Northwest Mountain
	32.8
	39.5
	47.6
	57.5
	67.4
	78
	85.8
	84.5
	71.8
	58.9
	42.7
	34.5

	GLASGOW, MT
	Northwest Mountain
	19.9
	28.3
	41.3
	56.7
	67.9
	77.1
	83.8
	83.3
	70.4
	57.1
	37.4
	24.8

	GREAT FALLS, MT
	Northwest Mountain
	32.1
	37.7
	45.3
	55.6
	64.7
	73.9
	82
	81.2
	69.6
	58
	42.1
	34.2

	HAVRE, MT
	Northwest Mountain
	25.5
	33.4
	44.9
	58.5
	68.8
	77.4
	84.6
	83.9
	71.9
	59.4
	40.8
	30.1

	HELENA, MT
	Northwest Mountain
	30.5
	37.3
	46.8
	56.9
	65.9
	75
	83.4
	82.5
	71
	58.4
	41.5
	31.5

	KALISPELL, MT
	Northwest Mountain
	28.9
	35.2
	44.9
	56
	64.7
	71.9
	80.2
	80.5
	69
	55.3
	38.6
	30.1

	MISSOULA, MT
	Northwest Mountain
	30.8
	37.4
	48.1
	58
	66.1
	74.5
	83.6
	83.2
	71.5
	57.4
	40
	30.3

	GRAND ISLAND, NE
	Central
	32.6
	38.6
	49.5
	61.9
	71.9
	83
	87.1
	84.8
	76.9
	64.6
	46.8
	35.3

	LINCOLN, NE
	Central
	33.2
	39.3
	51.2
	63.5
	73.8
	84.9
	89.6
	87.1
	78.8
	66.5
	49.1
	36.8

	NORFOLK, NE
	Central
	31.2
	37.3
	48.5
	61.3
	72.3
	82.3
	86.5
	84.4
	76.4
	64
	45.5
	33.6

	NORTH PLATTE, NE
	Central
	36.5
	43.3
	52.1
	62.7
	72
	82.6
	88.4
	86.8
	78
	65.6
	48.5
	39.2

	OMAHA EPPLEY AP, NE
	Central
	31.7
	37.9
	50.4
	63.2
	73.7
	83.7
	87.4
	85.2
	77.3
	65.2
	47.8
	34.8

	OMAHA (NORTH), NE
	Central
	32.1
	38
	50.8
	63.6
	73.3
	82.4
	85.6
	83.9
	76.3
	64.6
	47.5
	35.1

	SCOTTSBLUFF, NE
	Central
	38
	44.3
	51.7
	61
	71.1
	82.2
	88.7
	86.8
	77.3
	64.4
	48.2
	39.8

	VALENTINE, NE
	Central
	33.8
	39.4
	48.4
	59.8
	71.2
	81.9
	88.3
	86.9
	77.2
	63.5
	45.9
	36.7

	ELKO, NV
	Western Pacific
	37.1
	42.9
	51.2
	59.3
	68.6
	79.9
	89.6
	88.1
	78.2
	65
	48.1
	38.2

	ELY, NV
	Western Pacific
	40
	44
	49.9
	57.9
	67.3
	79.2
	87.3
	85.1
	75.8
	63
	48.8
	41

	LAS VEGAS, NV
	Western Pacific
	57.1
	63
	69.5
	78.1
	87.8
	98.9
	104.1
	101.8
	93.8
	80.8
	66
	57.3

	RENO, NV
	Western Pacific
	45.5
	51.7
	57.2
	64.1
	72.6
	82.8
	91.2
	89.9
	81.7
	69.9
	55.3
	46.4

	WINNEMUCCA, NV
	Western Pacific
	41.6
	48.5
	55.1
	62.6
	72
	82.7
	92.2
	90.6
	80.4
	67.3
	51.4
	42.2

	CONCORD, NH
	New England
	30.6
	34.1
	43.8
	56.9
	69.6
	77.9
	82.9
	80.8
	72.1
	60.5
	47.6
	35.6

	MT. WASHINGTON, NH
	New England
	14
	14.8
	21.3
	29.4
	41.6
	50.3
	54.1
	53
	46.1
	36.4
	27.6
	18.5

	ATLANTIC CITY AP, NJ
	Eastern
	41.4
	43.9
	51.9
	61.3
	71.1
	80
	85.1
	83.3
	76.6
	66.3
	56
	46.4

	ATLANTIC CITY C.O.,NJ
	Eastern
	41.4
	43.2
	49.5
	57.5
	66.1
	74.8
	80.6
	79.8
	74.1
	64.5
	55
	46.3

	NEWARK, NJ
	Eastern
	38.1
	41.1
	50.1
	60.8
	71.4
	80.2
	85.2
	83.2
	75.7
	64.7
	53.7
	43

	ALBUQUERQUE, NM
	Southwest
	47.6
	54.6
	62.4
	70.6
	79.7
	90.2
	92.3
	89
	82.2
	70.7
	57.1
	47.9

	CLAYTON, NM
	Southwest
	47.4
	51.5
	58.2
	66.1
	74.2
	83.9
	87.4
	85.1
	77.9
	68.5
	55.7
	48

	ROSWELL, NM
	Southwest
	55.6
	62
	70
	77.7
	86
	94
	94.8
	92.3
	85.7
	76.5
	64.5
	56.3

	ALBANY, NY
	Eastern
	31.1
	34.3
	44.5
	57.3
	69.8
	77.5
	82.2
	79.7
	71.3
	59.7
	47.5
	36

	BINGHAMTON, NY
	Eastern
	28.4
	30.9
	40.6
	53.1
	65.6
	73.4
	78.1
	75.8
	67.8
	56.7
	44.3
	33.4

	BUFFALO, NY
	Eastern
	31.1
	33.2
	42.5
	54.1
	66.4
	74.8
	79.6
	77.8
	70.1
	58.9
	46.7
	36

	ISLIP, NY
	Eastern
	39.1
	40.5
	48.5
	58.1
	68.9
	77.4
	83.2
	81.7
	74.9
	64
	53.7
	43.9

	NEW YORK C.PARK, NY
	Eastern
	38
	41
	49.8
	60.7
	70.9
	79
	84.2
	82.4
	74.7
	63.5
	53.1
	42.9

	NEW YORK (JFK AP), NY
	Eastern
	38.8
	40.9
	48.9
	58.6
	68.3
	77.2
	82.9
	81.8
	74.9
	64.3
	53.8
	44

	NEW YORK (LAGUARDIA AP), NY
	Eastern
	38.6
	41.2
	49.6
	60
	70.6
	79.3
	84.7
	83.1
	75.6
	64.5
	53.6
	43.7

	ROCHESTER, NY
	Eastern
	31.2
	33.2
	42.7
	55.2
	67.9
	76.6
	81.4
	79.1
	71.1
	59.7
	47.2
	36.1

	SYRACUSE, NY
	Eastern
	31.4
	33.5
	43.1
	55.7
	68.5
	77
	81.7
	79.6
	71.4
	59.8
	47.4
	36.3

	ASHEVILLE, NC
	Southern
	45.9
	50
	57.7
	66.5
	73.5
	80
	83.3
	81.7
	76
	67.1
	57.4
	49.3

	CAPE HATTERAS, NC
	Southern
	53.6
	54.6
	60.2
	67.7
	74.9
	81.5
	85.4
	84.8
	81.1
	72.6
	64.8
	57.3

	CHARLOTTE, NC
	Southern
	51.3
	55.9
	64.1
	72.8
	79.7
	86.6
	90.1
	88.4
	82.3
	72.6
	62.8
	54

	GREENSBORO-WNSTN-SALM-HGHPT,NC
	Southern
	47.2
	51.7
	60.3
	69.7
	76.9
	83.8
	87.6
	85.7
	79.4
	69.6
	59.9
	50.6

	RALEIGH, NC
	Southern
	49.8
	54
	62.5
	71.8
	78.7
	85.5
	89.1
	87.2
	81.3
	71.8
	62.4
	53.3

	WILMINGTON, NC
	Southern
	56.3
	59.5
	66.2
	74.1
	80.6
	86.4
	89.9
	88.3
	84.1
	75.6
	67.8
	59.6

	BISMARCK, ND
	Great Lakes
	21.1
	28.5
	40.2
	55.9
	69.1
	77.8
	84.5
	83.3
	71.6
	58.2
	38.2
	25.7

	FARGO, ND
	Great Lakes
	15.9
	22.8
	35.3
	54.5
	69.5
	77.4
	82.2
	81
	69.9
	56.1
	35.2
	20.8

	GRAND FORKS, ND
	Great Lakes
	14.9
	22.4
	34.3
	53.6
	70
	77.6
	81.9
	81
	69.7
	55.6
	34.1
	20.1

	WILLISTON, ND
	Great Lakes
	19.4
	27.6
	40.1
	56
	68.2
	77.3
	83.4
	82.8
	70
	57
	36.2
	24

	AKRON, OH
	Great Lakes
	32.9
	36.8
	47.5
	59
	69.8
	78.2
	82.3
	80.3
	72.8
	61.1
	48.7
	37.7

	CLEVELAND, OH
	Great Lakes
	32.6
	35.8
	46.1
	57.3
	68.6
	77.4
	81.4
	79.2
	72.3
	60.8
	48.7
	37.4

	COLUMBUS, OH
	Great Lakes
	36.2
	40.5
	51.7
	62.9
	73.3
	81.6
	85.3
	83.8
	77.1
	65.4
	52.4
	41

	DAYTON, OH
	Great Lakes
	33.7
	38.2
	49.3
	60.7
	71.2
	80.1
	84.2
	82.3
	75.6
	63.5
	50.1
	38.5

	MANSFIELD, OH
	Great Lakes
	32.4
	35.9
	46.6
	58.4
	69.3
	77.8
	81.8
	79.7
	73
	61.7
	48.7
	37.2

	TOLEDO, OH
	Great Lakes
	31.4
	35.1
	46.5
	58.9
	70.7
	79.5
	83.4
	81
	74
	62.1
	48.3
	36

	YOUNGSTOWN, OH
	Great Lakes
	32.4
	36
	46.3
	58.2
	69
	77.1
	81
	79.3
	72.1
	60.7
	48.4
	37.3

	OKLAHOMA CITY, OK
	Southwest
	47.1
	53.5
	62.5
	71.2
	78.9
	87.2
	93.1
	92.5
	84.1
	73.4
	59.6
	49.8

	TULSA, OK
	Southwest
	46.5
	52.9
	62.4
	72.1
	79.6
	88
	93.8
	93.2
	84.1
	74
	60
	49.6

	ASTORIA, OR
	Northwest Mountain
	48.1
	50.8
	53.3
	56.1
	60
	63.6
	67.2
	68.3
	67.5
	61
	53.1
	48.4

	BURNS,OR
	Northwest Mountain
	34.7
	40.5
	49
	57.4
	66.1
	75.1
	85.4
	84.5
	75
	62.4
	44.8
	35.1

	EUGENE, OR
	Northwest Mountain
	46.5
	50.7
	55.9
	60.6
	66.8
	73.3
	81.5
	81.9
	76.6
	64.6
	52.1
	45.7

	MEDFORD, OR
	Northwest Mountain
	47.3
	53.8
	58.3
	64.3
	72.2
	81.2
	90.2
	90.1
	83.5
	70
	52.8
	45.2

	PENDLETON, OR
	Northwest Mountain
	40.1
	46.5
	54.8
	62.2
	70.2
	78.7
	87.7
	86.6
	77.1
	63.8
	48.5
	40

	PORTLAND, OR
	Northwest Mountain
	45.6
	50.3
	55.7
	60.5
	66.7
	72.7
	79.3
	79.7
	74.6
	63.3
	51.8
	45.4

	SALEM, OR
	Northwest Mountain
	47
	51.2
	56.3
	61.1
	67.5
	74
	81.5
	81.9
	76.6
	64.5
	52.4
	46.4

	SEXTON SUMMIT, OR
	Northwest Mountain
	42.5
	44.1
	46.7
	51.9
	60.1
	67.5
	75.5
	75.7
	70.3
	59.3
	45.7
	42

	ALLENTOWN, PA
	Eastern
	35
	38.7
	48.7
	60.1
	70.9
	79.3
	83.9
	81.7
	74
	62.9
	51.2
	40

	ERIE, PA.
	Eastern
	33.5
	35.4
	44.7
	55.6
	67.4
	76.2
	80.4
	79
	72
	61
	49.3
	38.6

	HARRISBURG, PA
	Eastern
	37.5
	40.9
	50.9
	62.6
	72.6
	80.8
	85.7
	83.7
	75.7
	64.3
	52.5
	41.7

	MIDDLETOWN/HARRISBURG INTL APT
	Eastern
	37.5
	40.9
	50.9
	62.6
	72.6
	80.8
	85.7
	83.7
	75.7
	64.3
	52.5
	41.7

	PHILADELPHIA, PA
	Eastern
	39
	42.1
	51.3
	62
	72.1
	80.6
	85.5
	84
	76.7
	65.7
	54.8
	44.2

	PITTSBURGH, PA
	Eastern
	35.1
	38.8
	49.5
	60.7
	70.8
	79.1
	82.7
	81.1
	74.2
	62.5
	50.5
	39.8

	AVOCA, PA
	Eastern
	34.1
	37.3
	47.3
	59.2
	70.8
	78.2
	82.6
	80.5
	72.4
	61.2
	49.3
	38.6

	WILLIAMSPORT, PA
	Eastern
	33.2
	37.1
	47.8
	60.2
	71.3
	78.9
	83.2
	81.4
	73.3
	61.8
	49
	37.8

	PROVIDENCE, RI
	New England
	37.1
	39.3
	47.7
	58.1
	68.5
	77.3
	82.6
	80.9
	73.4
	62.9
	52.4
	42.1

	CHARLESTON AP,SC
	Southern
	58.9
	62.3
	69.3
	76.1
	82.9
	87.9
	90.9
	89.4
	85
	77
	69.6
	61.6

	CHARLESTON C.O.,SC
	Southern
	57.1
	59.8
	65.8
	72.9
	79.6
	84.9
	88.5
	87.1
	83
	75.1
	67.6
	60

	COLUMBIA, SC
	Southern
	55.1
	59.5
	67.4
	75.7
	83.1
	89.1
	92.1
	90
	84.8
	75.8
	66.7
	57.8

	GREENVILLE-SPARTANBURG AP, SC
	Southern
	50.2
	54.8
	62.7
	71
	78.2
	85.1
	88.8
	87.1
	81.1
	71.4
	61.3
	52.7

	ABERDEEN, SD
	Great Lakes
	21.4
	28.5
	40.2
	57.4
	70.2
	78.7
	84.7
	83.5
	73
	59.2
	38.8
	25.7

	HURON, SD
	Great Lakes
	24.8
	31.3
	43
	58.3
	70.5
	80.3
	86.1
	84.4
	74.7
	60.9
	41.4
	28.8

	RAPID CITY, SD
	Great Lakes
	33.6
	38.6
	46.6
	57.1
	67.2
	77.4
	85.5
	85.5
	75.2
	61.7
	44.8
	36.1

	SIOUX FALLS, SD
	Great Lakes
	25.2
	31.6
	43.8
	58.8
	71
	80.6
	85.6
	83.2
	74.2
	61.1
	41.9
	28.8

	BRISTOL-JHNSN CTY-KNGSPRT,TN
	Southern
	44.1
	48.9
	58.4
	67.1
	74.9
	81.8
	84.8
	83.9
	78.5
	68.2
	57.4
	47.8

	CHATTANOOGA, TN
	Southern
	48.8
	54.1
	62.8
	72.1
	79.1
	86.2
	89.8
	88.7
	82.5
	72.3
	61.1
	52

	KNOXVILLE, TN
	Southern
	46.3
	51.7
	60.3
	69
	76.3
	83.6
	86.9
	86.4
	80.7
	69.9
	59
	49.8

	MEMPHIS, TN
	Southern
	48.6
	54.4
	63.3
	72.4
	80.4
	88.5
	92.1
	91.2
	85.3
	75.1
	62.1
	52.2

	NASHVILLE, TN
	Southern
	45.6
	51.4
	60.7
	69.8
	77.5
	85.1
	88.7
	87.8
	81.5
	71.1
	59
	49.4

	OAK RIDGE,TN
	Southern
	45.9
	51.6
	61
	70.5
	77.8
	84.9
	88.1
	87.2
	81.1
	71.1
	59
	49

	ABILENE, TX
	Southwest
	55.2
	60.7
	69.1
	77.3
	84.7
	91.1
	94.8
	93.7
	86.7
	77.6
	65.1
	56.9

	AMARILLO, TX
	Southwest
	48.9
	54.1
	62.2
	70.6
	78.6
	87.4
	91
	88.7
	81.8
	71.8
	58.4
	49.8

	AUSTIN/CITY, TX
	Southwest
	60.3
	65.1
	72.5
	78.9
	84.8
	90.9
	95
	95.6
	90.1
	81.4
	70.1
	62.3

	AUSTIN/BERGSTROM, TX
	Southwest
	61.5
	66.5
	73.5
	79.6
	85.2
	91.1
	95.2
	95.3
	90.1
	81.8
	70.9
	63.2

	BROWNSVILLE, TX
	Southwest
	68.7
	72.2
	78
	82.3
	86.9
	90.5
	92.4
	92.6
	89.4
	84
	76.8
	70.2

	CORPUS CHRISTI, TX
	Southwest
	66
	69.7
	75.8
	80.7
	85.6
	90.2
	93.2
	93.4
	89.9
	83.6
	74.9
	68

	DALLAS-FORT WORTH, TX
	Southwest
	54.1
	60.1
	68.3
	75.9
	83.2
	91.1
	95.4
	94.8
	87.7
	77.9
	65.1
	56.5

	DALLAD-LOVE FIELD, TX
	Southwest
	55.4
	61
	69.1
	76.5
	83.8
	91.6
	96.1
	95.8
	88.5
	78.6
	66
	57.4

	DEL RIO, TX
	Southwest
	62.8
	68
	76
	82.7
	88.7
	93.7
	96.2
	96
	90.6
	81.7
	70.9
	63.5

	EL PASO, TX
	Southwest
	57.2
	63.4
	70.2
	78.1
	86.7
	95.3
	94.5
	92
	87.1
	77.9
	65.5
	57.4

	GALVESTON, TX
	Southwest
	61.9
	64.4
	70
	75.2
	81.4
	86.6
	88.7
	89.3
	86.5
	79.7
	71.3
	64.3

	HOUSTON, TX
	Southwest
	62.3
	66.5
	73.3
	79.1
	85.5
	90.7
	93.6
	93.5
	89.3
	82
	72
	64.6

	LUBBOCK, TX
	Southwest
	51.9
	57.8
	66.2
	74.7
	82.8
	90
	91.9
	90
	83.4
	74.4
	61.6
	53.2

	MIDLAND-ODESSA, TX
	Southwest
	56.8
	63
	70.9
	78.8
	86.8
	92.7
	94.3
	92.8
	86.1
	77.4
	65.8
	58.4

	PORT ARTHUR, TX
	Southwest
	61.5
	65.3
	72
	77.8
	84.3
	89.4
	91.6
	91.7
	88
	80.5
	70.9
	63.9

	SAN ANGELO, TX
	Southwest
	57.9
	63.5
	71.1
	79
	85.6
	90.8
	94.4
	93.1
	86.6
	77.8
	66.5
	59.3

	SAN ANTONIO, TX
	Southwest
	62.1
	67.1
	74.3
	80.4
	86
	91.4
	94.6
	94.7
	90
	82
	71.4
	64

	VICTORIA, TX
	Southwest
	62.8
	66.6
	73.4
	79.2
	85.1
	90.3
	93.4
	93.7
	89.9
	83
	73
	65.2

	WACO, TX
	Southwest
	57
	62.3
	70.2
	77.6
	84.8
	92
	96.7
	96.9
	90.1
	80.4
	67.8
	59.1

	WICHITA FALLS, TX
	Southwest
	52.1
	58.1
	67.2
	75.5
	83.5
	91.7
	97.2
	95.8
	87.5
	77.1
	63.7
	54.5

	MILFORD, UT
	Northwest Mountain
	40.6
	47.1
	56.7
	65
	74.2
	86.2
	92.9
	90.7
	81.3
	68
	52.2
	42.2

	SALT LAKE CITY, UT
	Northwest Mountain
	37
	43.4
	52.8
	60.9
	70.6
	82.2
	90.6
	88.7
	77.6
	64
	48.7
	38

	BURLINGTON, VT
	New England
	26.7
	29
	39.6
	53.3
	67.8
	76.5
	81.4
	78.4
	68.9
	56.4
	44
	32.3

	LYNCHBURG, VA
	Eastern
	44.5
	48.6
	57.6
	68
	75.5
	82.5
	86.4
	85.1
	78.3
	68.4
	58
	48.4

	NORFOLK, VA
	Eastern
	47.8
	50.3
	57.8
	67
	74.9
	82.8
	86.8
	84.7
	79.4
	69.4
	60.9
	52.3

	RICHMOND, VA
	Eastern
	45.3
	49.3
	58.4
	68.9
	76.2
	83.6
	87.5
	85.7
	79.7
	69.3
	59.7
	49.7

	ROANOKE, VA
	Eastern
	45
	49.1
	57.9
	68
	75.9
	83.3
	87.5
	86
	78.8
	68.6
	58
	48.6

	OLYMPIA, WA
	Northwest Mountain
	44.4
	48.3
	53
	58.2
	64.6
	70
	76.1
	77
	71.7
	60.4
	49.6
	43.8

	QUILLAYUTE, WA
	Northwest Mountain
	46.6
	49.2
	51.8
	55.7
	60.4
	63.8
	68.2
	69.3
	67.3
	59.2
	50.8
	46.5

	SEATTLE C.O., WA
	Northwest Mountain
	46.9
	50.5
	54.5
	59.3
	64.9
	69.5
	74.5
	74.9
	69.9
	60.3
	51.5
	46.5

	SEATTLE SEA-TAC AP, WA
	Northwest Mountain
	45.8
	49.5
	53.2
	58.2
	64.4
	69.6
	75.3
	75.6
	70.2
	59.7
	50.5
	45.5

	SPOKANE, WA
	Northwest Mountain
	32.8
	39.3
	48.6
	57.5
	66.2
	73.9
	82.5
	82.6
	72.5
	58.5
	41.1
	32.8

	WALLA WALLA WASHINGTON
	Northwest Mountain
	40.6
	46.9
	56
	64.1
	72
	80.3
	89.9
	89.1
	79.3
	65.8
	50.1
	40.8

	YAKIMA, WA
	Northwest Mountain
	37.7
	45.6
	56
	64.1
	72.4
	79.6
	87.2
	86.5
	77.6
	64.3
	47.7
	37.1

	SAN JUAN, PR
	Southern
	82.4
	82.8
	83.4
	84.9
	86.3
	87.6
	87.4
	87.8
	87.8
	87.5
	85.1
	83.2

	BECKLEY, WV
	Eastern
	38.8
	42.8
	51.9
	62.5
	70.6
	77
	80.2
	78.9
	72.6
	63.1
	52.4
	43.1

	CHARLESTON, WV
	Eastern
	42.6
	47
	56.6
	66.7
	74.6
	81.5
	84.9
	83.5
	77.3
	67.1
	56.4
	46.8

	ELKINS, WV
	Eastern
	39.3
	43.5
	53.2
	63.2
	71.7
	78.5
	81.7
	80.4
	74.1
	64.1
	52.8
	43.5

	HUNTINGTON, WV
	Eastern
	41
	46.1
	56.3
	66.6
	74.6
	81.7
	85.1
	83.7
	77
	66.4
	55.1
	45.3

	GREEN BAY, WI
	Great Lakes
	24.1
	28.9
	40
	54.6
	68
	76.8
	81.2
	78.5
	70.2
	57.9
	42.4
	29

	LA CROSSE, WI
	Great Lakes
	25.5
	32.4
	44.6
	59.7
	72.5
	81.3
	85.2
	82.5
	73.7
	61.1
	43.6
	29.9

	MADISON, WI
	Great Lakes
	25.2
	30.8
	42.8
	56.6
	69.4
	78.3
	82.1
	79.4
	71.4
	59.6
	43.3
	30.2

	MILWAUKEE, WI
	Great Lakes
	28
	32.5
	42.6
	53.9
	66
	76.3
	81.1
	79.1
	71.9
	60.2
	45.7
	33.1

	CASPER, WY
	Northwest Mountain
	32.3
	37
	46.9
	56.1
	66.4
	78.8
	86.8
	85.3
	73.4
	59.5
	42.6
	33.6

	CHEYENNE, WY
	Northwest Mountain
	37.1
	40.5
	46.4
	54.4
	64.4
	75.4
	81.9
	79.8
	70.3
	58.2
	44.5
	38.1

	LANDER, WY
	Northwest Mountain
	31.9
	37.4
	47.5
	56.5
	66.5
	78.5
	86.3
	84.8
	73
	59.5
	41.8
	32.6

	SHERIDAN, WY
	Northwest Mountain
	33
	39
	48.2
	57.5
	66.4
	76.4
	85.2
	84.9
	73.1
	59.8
	43.4
	34.4





Table A2 – Lowest daily temperature of record, oF
	AIRPORTS and STATE
	REGION
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	OCT
	NOV
	DEC

	BIRMINGHAM AP,AL
	Southern
	32.3
	35.4
	42.4
	48.4
	57.6
	65.4
	69.7
	68.9
	63
	50.9
	41.8
	35.2

	HUNTSVILLE, AL
	Southern
	30.7
	34
	41.2
	48.4
	57.5
	65.4
	69.5
	68.1
	61.7
	49.6
	40.7
	33.8

	MOBILE, AL
	Southern
	39.5
	42.4
	49.2
	54.8
	62.8
	69.2
	71.8
	71.7
	67.6
	56.3
	47.8
	41.6

	MONTGOMERY, AL
	Southern
	35.5
	38.6
	45.4
	51.2
	60.1
	67.3
	70.9
	70.1
	64.9
	52.2
	43.5
	37.6

	ANCHORAGE, AK
	Alaska
	9.3
	11.7
	18.2
	28.7
	38.9
	47
	51.5
	49.4
	41.4
	28.3
	15.9
	11.4

	ANNETTE, AK
	Alaska
	30.4
	32.3
	34.2
	37.7
	43.1
	48.3
	52.4
	52.6
	48
	41.7
	35.1
	32.1

	BARROW, AK
	Alaska
	-19.6
	-22
	-20
	-7.3
	15.3
	30.4
	34.3
	33.8
	27.5
	9.8
	-6.4
	-16.4

	BETHEL, AK
	Alaska
	0.7
	1.3
	7.2
	18.4
	33.1
	43.3
	48.8
	47.5
	39.1
	24.7
	11.7
	3.2

	BETTLES,AK
	Alaska
	-19.2
	-17.7
	-8
	10.6
	33.7
	46.9
	49.5
	43.7
	32.8
	11.9
	-8
	-15.1

	BIG DELTA,AK
	Alaska
	-9.6
	-6.4
	3.2
	21.7
	37.7
	47.6
	51.1
	46.1
	35.6
	17
	-0.8
	-7.1

	COLD BAY,AK
	Alaska
	23.5
	22.9
	24.9
	28.8
	34.8
	41.1
	46.1
	47.4
	43
	35.1
	29.9
	26.5

	FAIRBANKS, AK
	Alaska
	-19
	-15.6
	-2.7
	19.8
	36.9
	48.5
	51.9
	46.2
	34.7
	15.6
	-6.6
	-15.2

	GULKANA,AK
	Alaska
	-12.9
	-7.4
	2.3
	19.7
	32.2
	41.1
	45.4
	41.7
	32.8
	18.4
	-2.2
	-9.5

	HOMER, AK
	Alaska
	17.5
	18.3
	22.5
	29.3
	36.7
	43
	47.2
	46.7
	41
	31.4
	23.5
	20

	JUNEAU, AK
	Alaska
	20.7
	23.5
	27.8
	33.4
	40.1
	46.1
	49.2
	48.3
	43.8
	37.7
	28.9
	24.4

	KING SALMON, AK
	Alaska
	8
	7.4
	15.1
	24.9
	34.8
	42.2
	47.5
	47.4
	40.3
	26
	15.9
	9.3

	KODIAK, AK
	Alaska
	24.6
	24.3
	26.8
	31.8
	38.2
	43.9
	48.5
	48.6
	43.2
	34.3
	28.9
	25.3

	KOTZEBUE, AK
	Alaska
	-8.6
	-9.9
	-7.7
	3.3
	25.3
	38.8
	49.4
	47.4
	37.2
	18.8
	3.2
	-6.4

	MCGRATH, AK
	Alaska
	-15.6
	-12.5
	-1.8
	17.7
	35.5
	45.7
	49.8
	45.7
	35.9
	18.3
	-2.2
	-12.3

	NOME, AK
	Alaska
	-1.8
	-2.3
	1
	12.4
	31.1
	40.6
	46.6
	45.2
	37.2
	22.9
	10.8
	0.9

	ST. PAUL ISLAND, AK
	Alaska
	21.5
	18.9
	19.5
	24
	31.5
	37.6
	43
	45.1
	40.7
	34.1
	29.1
	24.7

	TALKEETNA, AK
	Alaska
	2.3
	5
	11.1
	23.9
	34.9
	45.1
	49.9
	46.5
	37.3
	23.6
	9.4
	4.8

	UNALAKLEET, AK
	Alaska
	-3.9
	-4.2
	1.8
	13.8
	32.1
	42.7
	48.9
	46.5
	35.8
	19.4
	5
	-1.4

	VALDEZ, AK
	Alaska
	17.2
	19.6
	23.8
	30.9
	38.6
	45
	48
	46.4
	40.9
	33.4
	23.9
	20.2

	YAKUTAT, AK
	Alaska
	19.4
	21
	23.6
	29.2
	36.1
	42.7
	47.1
	46.2
	40.6
	34.8
	26.3
	22.9

	FLAGSTAFF, AZ
	Western Pacific
	16.5
	18.8
	22.8
	27.3
	34
	41.4
	49.9
	49.1
	41.7
	31.1
	22.1
	16.6

	PHOENIX, AZ
	Western Pacific
	44.8
	48.4
	53
	57.6
	67.4
	75.6
	82.9
	81.6
	75.6
	62.1
	50.4
	43.9

	TUCSON, AZ
	Western Pacific
	38.9
	41.6
	45.1
	50.5
	58.6
	68
	73.4
	72.4
	67.7
	57
	45.1
	39.2

	WINSLOW, AZ
	Western Pacific
	21.3
	25.5
	31.1
	36.9
	45.3
	54.2
	62
	61.1
	52.9
	40.1
	28.7
	21

	YUMA, AZ
	Western Pacific
	46.2
	48.8
	52.8
	58.1
	65.1
	73.2
	80.8
	80.8
	75.3
	64
	52.2
	45.8

	FORT SMITH, AR
	Southwest
	27.8
	32.6
	40.9
	49
	58.9
	67.2
	71.4
	70.3
	62.9
	50.5
	39.5
	31.1

	LITTLE ROCK, AR
	Southwest
	30.8
	34.8
	42.6
	50
	59.2
	67.8
	72
	70.5
	63.6
	51.5
	41.5
	33.9

	NORTH LITTLE ROCK, AR
	Southwest
	31.3
	36.1
	44.5
	52.7
	61.2
	68.9
	72.9
	71.5
	64.9
	54.1
	43.4
	34.9

	BAKERSFIELD, CA
	Western Pacific
	39.3
	43
	46.2
	49.6
	56.8
	63.7
	69.2
	68.4
	63.9
	54.9
	44.2
	38.2

	BISHOP, CA
	Western Pacific
	22.4
	26.4
	31
	36
	43.7
	50.7
	55.7
	53.7
	46.9
	37.1
	27.1
	21.6

	EUREKA, CA.
	Western Pacific
	40.8
	41.8
	42.2
	44
	47.6
	50.7
	52.8
	53.4
	51.2
	47.7
	43.9
	40.6

	FRESNO, CA
	Western Pacific
	38.4
	41.4
	44.9
	48.4
	54.9
	61.2
	66.1
	64.9
	60.4
	51.9
	42.3
	37

	LONG BEACH, CA
	Western Pacific
	46
	48.1
	50.4
	53.2
	57.8
	61.3
	64.6
	65.6
	63.7
	58.3
	50.1
	45.3

	LOS ANGELES AP, CA
	Western Pacific
	48.6
	50.1
	51.3
	53.6
	56.9
	60.1
	63.3
	64.5
	63.6
	59.4
	52.7
	48.5

	LOS ANGELES C.O., CA
	Western Pacific
	48.5
	50.3
	51.6
	54.4
	57.9
	61.4
	64.6
	65.6
	64.6
	59.9
	52.6
	48.3

	MOUNT SHASTA, CA
	Western Pacific
	26.4
	28.7
	30.3
	33.3
	39
	44.9
	48.9
	47.5
	42.9
	36.6
	29.9
	25.8

	REDDING, CA
	Western Pacific
	35.5
	38.1
	41.1
	44.9
	51.6
	59.6
	64.1
	60.8
	56.5
	48
	39.8
	35

	SACRAMENTO, CA
	Western Pacific
	38.8
	41.9
	44.2
	46.3
	50.9
	55.5
	58.3
	58.1
	55.8
	50.6
	42.8
	37.7

	SAN DIEGO, CA
	Western Pacific
	49.7
	51.5
	53.6
	56.4
	59.8
	62.6
	65.9
	67.4
	66.1
	61.2
	53.6
	48.9

	SAN FRANCISCO AP, CA
	Western Pacific
	42.9
	45.5
	46.8
	48.1
	50.5
	52.9
	54.5
	55.5
	55.1
	52.4
	47.5
	43

	SAN FRANCISCO C.O., CA
	Western Pacific
	46.4
	48.5
	49.2
	50.1
	51.4
	53.2
	54.4
	55.6
	56.1
	54.6
	50.8
	46.7

	SANTA BARBARA, CA
	Western Pacific
	40.8
	44
	46
	47.6
	50.5
	53.9
	57.3
	58.4
	56.6
	51.6
	44
	39.9

	SANTA MARIA, CA
	Western Pacific
	39.3
	41.4
	42.7
	43.4
	46.9
	50.4
	53.5
	54.2
	52.9
	48.2
	41.8
	38.2

	STOCKTON, CA
	Western Pacific
	38.1
	41
	43.6
	46.7
	52.1
	57.5
	60.8
	60.3
	57.4
	50.5
	42.1
	36.7

	ALAMOSA, CO
	Northwest Mountain
	-3.7
	4.7
	15.8
	22.8
	32.4
	40.4
	46.4
	45.2
	36.5
	23.9
	11.1
	-0.7

	COLORADO SPRINGS, CO
	Northwest Mountain
	14.5
	18
	23.9
	31.4
	40.7
	49.5
	54.8
	53.6
	45.4
	34.3
	22.6
	15.6

	DENVER, CO
	Northwest Mountain
	15.2
	19.1
	25.4
	34.2
	43.8
	53
	58.7
	57.4
	47.3
	35.9
	23.5
	16.4

	GRAND JUNCTION, CO
	Northwest Mountain
	15.6
	22.7
	31
	37.5
	46.4
	55.3
	61.4
	59.7
	50.4
	38.6
	26.3
	17.5

	PUEBLO, CO
	Northwest Mountain
	14
	18.8
	26.3
	34.5
	44.8
	53.5
	59.4
	58.1
	48.7
	35.3
	22.5
	15.1

	BRIDGEPORT, CT
	New England
	22.9
	24.9
	32
	40.7
	50.6
	59.6
	66
	65.4
	57.7
	46.3
	37.5
	28

	HARTFORD, CT
	New England
	17.2
	19.9
	28.3
	37.9
	48.1
	57
	62.4
	60.7
	52.1
	40.6
	32.6
	22.6

	WILMINGTON, DE
	Eastern
	23.7
	25.8
	33.4
	42.1
	52.4
	61.8
	67.3
	65.8
	58.1
	45.6
	36.9
	28.4

	WASHINGTON DULLES AP, D.C.
	DC
	21.9
	24.1
	31.8
	40.2
	49.9
	59
	64
	62.8
	55.6
	42.3
	33.8
	26

	WASHINGTON NAT'L AP, D.C.
	DC
	27.3
	29.7
	37.3
	45.9
	55.8
	65
	70.1
	68.6
	61.8
	49.6
	40
	32

	APALACHICOLA, FL
	Southern
	43
	45.8
	51.4
	57.6
	65.1
	71.6
	73.9
	74
	71.2
	60.5
	52
	45.3

	DAYTONA BEACH, FL
	Southern
	47.1
	48.8
	53.7
	58
	64.5
	70.6
	72.4
	72.8
	71.9
	65.3
	57
	50.1

	FORT MYERS, FL
	Southern
	54.5
	55.4
	59.3
	62.7
	68.4
	73.1
	74.2
	74.4
	73.9
	68.6
	62.1
	56.2

	GAINESVILLE, FL
	Southern
	42.4
	44.7
	49.9
	54.7
	62
	68.4
	70.8
	70.6
	68.1
	59.2
	51.1
	44.4

	JACKSONVILLE, FL
	Southern
	41.9
	44.3
	49.8
	54.6
	62.5
	69.4
	72.4
	72.2
	69.4
	59.7
	50.8
	44.1

	KEY WEST, FL
	Southern
	65.2
	65.7
	68.8
	72.1
	75.9
	78.7
	79.6
	79.2
	78.5
	75.7
	71.9
	67.3

	MIAMI, FL
	Southern
	59.6
	60.5
	64
	67.6
	72
	75.2
	76.5
	76.5
	75.7
	72.2
	67.5
	62.2

	ORLANDO, FL
	Southern
	49.9
	51.3
	55.9
	59.9
	65.9
	71.3
	72.6
	73
	71.9
	65.5
	58.7
	52.6

	PENSACOLA, FL
	Southern
	42.7
	45.4
	51.7
	57.6
	65.8
	72.1
	74.5
	74.2
	70.4
	59.6
	51.1
	44.7

	TALLAHASSEE, FL
	Southern
	39.7
	42.1
	48.2
	52.8
	62.3
	69.8
	72.7
	72.7
	69.2
	56.9
	47.9
	41.6

	TAMPA, FL
	Southern
	52.4
	53.8
	58.5
	62.4
	68.9
	74
	75.3
	75.4
	74.3
	67.6
	60.7
	54.7

	VERO BEACH, FL
	Southern
	52.7
	53.6
	57.8
	61.6
	67.2
	71.8
	73
	72.9
	72.7
	68.5
	61.9
	54.7

	WEST PALM BEACH, FL
	Southern
	57.3
	58.2
	61.9
	65.4
	70.5
	73.8
	75
	75.4
	74.7
	71.2
	65.8
	60.1

	ATHENS, GA
	Southern
	32.9
	35.4
	42.3
	48.7
	57.6
	65.3
	69.3
	68.5
	62.7
	50.7
	42.2
	35.3

	ATLANTA, GA
	Southern
	33.5
	36.5
	43.6
	50.4
	59.5
	67.1
	70.6
	69.9
	64.3
	52.8
	43.5
	36.2

	AUGUSTA,GA
	Southern
	33.1
	35.5
	42.5
	48.1
	57.2
	65.4
	69.6
	68.4
	62.4
	49.6
	40.9
	34.7

	COLUMBUS, GA
	Southern
	36.6
	39
	45.7
	51.8
	61.3
	68.8
	72.3
	71.5
	66.4
	54.5
	45.7
	39

	MACON, GA
	Southern
	34.5
	37
	43.8
	49.5
	58.6
	66.6
	70.5
	69.5
	63.7
	51.1
	42.5
	36.3

	SAVANNAH, GA
	Southern
	38
	40.9
	47.5
	52.9
	61.3
	68.1
	71.8
	71.3
	67.3
	56.1
	46.9
	40.1

	HILO, HI
	Western Pacific
	63.6
	63.5
	64.7
	65.6
	66.7
	68
	69.2
	69.4
	69
	68.5
	67.2
	64.9

	HONOLULU,HI
	Western Pacific
	65.7
	65.4
	66.9
	68.2
	69.6
	72.1
	73.8
	74.7
	74.2
	73.2
	71.1
	67.8

	KAHULUI, HI
	Western Pacific
	63.3
	63.1
	64.6
	66
	67
	69.3
	70.8
	71
	70
	69.4
	67.9
	65.1

	LIHUE, HI
	Western Pacific
	65.4
	65.5
	67.3
	68.9
	70.3
	72.7
	74
	74.5
	74
	72.8
	70.8
	67.6

	BOISE, ID
	Northwest Mountain
	23.6
	28.8
	34
	39.4
	46.6
	54.2
	60.3
	59.8
	51.2
	41.3
	32.4
	24.1

	LEWISTON, ID
	Northwest Mountain
	28
	31.2
	35.6
	40.6
	47
	53.6
	59.3
	59.3
	50.9
	41.2
	34.1
	28.5

	POCATELLO, ID
	Northwest Mountain
	16.3
	20.9
	27.3
	32.6
	39.2
	45.7
	50.9
	49.9
	41.8
	33.3
	24.9
	16.8

	CHICAGO,IL
	Great Lakes
	14.3
	19.2
	28.5
	37.6
	47.5
	57.2
	63.2
	62.2
	53.7
	42.1
	31.6
	20.4

	MOLINE, IL
	Great Lakes
	12.3
	18.2
	29
	39.3
	50
	59.7
	64.5
	62.4
	53.4
	41.6
	30.1
	18.3

	PEORIA, IL
	Great Lakes
	14.3
	19.7
	30.2
	40.3
	50.8
	60.1
	64.6
	62.6
	54
	42.3
	31.4
	20.1

	ROCKFORD, IL
	Great Lakes
	10.8
	16.3
	26.7
	36.8
	47.9
	57.6
	62.6
	60.9
	51.8
	40.1
	29
	16.9

	SPRINGFIELD, IL
	Great Lakes
	17.1
	22.2
	32.4
	42.2
	52.7
	61.9
	66
	63.9
	55.4
	44.4
	33.7
	22.6

	EVANSVILLE, IN
	Great Lakes
	22.6
	26.2
	35.2
	43.8
	54
	63.5
	67.8
	65.1
	57
	44.6
	36
	27

	FORT WAYNE, IN
	Great Lakes
	16.1
	19.2
	28.8
	38.2
	49.1
	58.8
	62.5
	60.4
	52.8
	41.8
	32.7
	22.3

	INDIANAPOLIS, IN
	Great Lakes
	18.5
	22.5
	32
	41.2
	51.8
	61.3
	65.2
	63.3
	55.2
	43.6
	34.1
	24

	SOUTH BEND, IN
	Great Lakes
	15.7
	19
	28.2
	37.7
	48.4
	58.3
	62.8
	61.3
	53.3
	42.3
	32.6
	21.7

	DES MOINES, IA
	Central
	11.7
	17.8
	28.7
	39.9
	51.4
	61
	66.1
	63.9
	54.3
	42.2
	29
	16.7

	DUBUQUE,IA
	Central
	9.2
	15.4
	26.2
	37.5
	48.8
	57.9
	62.4
	60.2
	51.7
	40.5
	27.8
	15.2

	SIOUX CITY, IA
	Central
	8.5
	15.3
	25.7
	37.3
	49.2
	58.5
	62.9
	60.6
	50.1
	38
	24.8
	12.8

	WATERLOO, IA
	Central
	6.3
	13.2
	24.9
	35.8
	48.1
	58.1
	62.2
	59.5
	49.8
	37.8
	25.1
	12.5

	CONCORDIA, KS
	Central
	16.9
	21.9
	31.1
	41.2
	51.9
	61.8
	67.4
	65.6
	56.1
	44
	30.5
	20.8

	DODGE CITY, KS
	Central
	18.7
	23.6
	31.2
	40.7
	51.7
	61.6
	66.8
	65.6
	56.5
	43.8
	30.2
	21.7

	GOODLAND, KS
	Central
	15.8
	19.7
	26.4
	34.8
	45.7
	55.5
	61.1
	59.6
	50
	37.5
	25.2
	17.8

	TOPEKA, KS
	Central
	17.2
	23
	32.9
	42.9
	53.4
	63.2
	67.7
	65.4
	55.9
	44.3
	32.1
	21.8

	WICHITA, KS
	Central
	20.3
	25.3
	34.4
	43.7
	54
	63.9
	69.1
	67.9
	59.3
	46.9
	33.9
	24

	GREATER CINCINNATI AP, OH
	Great Lakes
	21.3
	25
	33.8
	42.7
	52.9
	61.6
	66.1
	64.2
	56.8
	44.9
	35.7
	26.4

	JACKSON, KY
	Southern
	25.7
	28.9
	37.4
	45.8
	54.3
	61.9
	65.7
	64.3
	58.4
	47.4
	38.9
	30.2

	LEXINGTON, KY
	Southern
	24.1
	27.7
	35.9
	44.1
	53.6
	62.2
	66.4
	64.9
	57.9
	46.4
	37.3
	28.4

	LOUISVILLE, KY
	Southern
	24.9
	28.5
	37.1
	46
	56.1
	65.1
	69.8
	68.2
	60.9
	48.5
	39.3
	29.9

	PADUCAH KY
	Southern
	23.9
	28.2
	37.1
	45.6
	55
	63.8
	67.7
	64.9
	57.1
	45.2
	36.5
	27.5

	BATON ROUGE, LA
	Southwest
	40.2
	43.1
	49.6
	55.8
	64.1
	70.2
	72.7
	71.9
	67.5
	56.4
	47.9
	42.1

	LAKE CHARLES, LA
	Southwest
	41.2
	44.3
	50.8
	57.2
	65.7
	72.1
	74.3
	73.6
	69.1
	58.6
	49.7
	43.3

	NEW ORLEANS, LA
	Southwest
	43.4
	46.1
	52.7
	58.4
	66.4
	72
	74.2
	73.9
	70.6
	60.2
	51.8
	45.6

	SHREVEPORT, LA
	Southwest
	36.5
	40.3
	47.2
	53.8
	62.7
	69.9
	73.4
	72.3
	66.4
	55
	45.3
	38.3

	CARIBOU, ME
	New England
	-0.3
	2.9
	15.2
	29.2
	40.7
	49.9
	54.8
	52.6
	43.6
	34.1
	23.7
	8

	PORTLAND, ME
	New England
	12.5
	15.6
	25.2
	34.7
	44.2
	52.9
	58.6
	57.2
	48.5
	37.4
	29.5
	18.7

	BALTIMORE, MD
	Eastern
	23.5
	26.1
	33.6
	42
	51.8
	60.8
	65.8
	63.9
	56.6
	43.7
	34.7
	27.3

	BLUE HILL, MA
	New England
	18.1
	20.3
	27.8
	37.1
	47
	55.9
	62
	60.9
	53.2
	42.9
	34.2
	23.8

	BOSTON, MA
	New England
	22.1
	24.2
	31.5
	40.5
	50.2
	59.4
	65.5
	64.5
	56.8
	46.4
	37.9
	27.8

	WORCESTER, MA
	New England
	15.8
	17.8
	25.6
	35.5
	46.2
	55
	60.8
	59.5
	51.3
	40.7
	32
	21.6

	ALPENA, MI
	Great Lakes
	9.5
	9.7
	18.7
	30.2
	40
	48.8
	54.5
	52.9
	45.2
	35.6
	27
	16.9

	DETROIT, MI
	Great Lakes
	17.8
	20
	28.5
	38.4
	49.4
	58.9
	63.6
	62.2
	54.1
	42.5
	33.5
	23.4

	FLINT, MI
	Great Lakes
	13.3
	15.3
	24.3
	34.6
	45.2
	54.6
	59.1
	57.4
	49.4
	38.6
	29.8
	19.1

	GRAND RAPIDS, MI
	Great Lakes
	15.6
	17.4
	25.9
	36.1
	46.6
	55.8
	60.5
	59
	51
	40.2
	31.2
	21.4

	HOUGHTON LAKE, MI
	Great Lakes
	9.7
	10.5
	19.2
	30.6
	40.7
	48.9
	53.4
	52.2
	45.3
	36.2
	27.6
	16.8

	LANSING, MI
	Great Lakes
	13.9
	15.4
	24.3
	34.5
	44.8
	54.3
	58.4
	57
	48.9
	38.6
	30.1
	19.7

	MARQUETTE, MI
	Great Lakes
	3.3
	5.4
	14.3
	26.9
	39.1
	48.3
	53.5
	52
	43.8
	34
	22.4
	10.2

	MUSKEGON, MI
	Great Lakes
	17.1
	18.3
	25.4
	35.1
	45.1
	54.2
	59.8
	58.8
	50.7
	40.6
	31.8
	22.6

	SAULT STE. MARIE, MI
	Great Lakes
	4.9
	6.6
	16.1
	28.8
	39.3
	46.5
	52
	52.4
	44.8
	36
	25.9
	13.1

	DULUTH, MN
	Great Lakes
	-1.2
	5.1
	16.5
	28.9
	40.2
	48.5
	54.6
	53.5
	44.8
	34.5
	20.7
	5.6

	INTERNATIONAL FALLS, MN
	Great Lakes
	-8.4
	-0.7
	12.3
	27.1
	40
	49.1
	53.6
	51.3
	41.6
	31.5
	16.4
	-1.1

	MINNEAPOLIS-ST.PAUL, MN
	Great Lakes
	4.3
	11.8
	23.5
	36.2
	48.5
	57.8
	63
	60.8
	50.8
	38.9
	24.8
	10.9

	ROCHESTER, MN
	Great Lakes
	3.7
	10.6
	22.6
	34.6
	46.1
	55.6
	60.1
	58
	48.7
	37.1
	23.7
	10.1

	SAINT CLOUD, MN
	Great Lakes
	-1.2
	6.4
	19.1
	32.2
	44.1
	52.9
	57.9
	55.5
	45.7
	34.3
	20.4
	5.5

	JACKSON, MS
	Southern
	35
	38.2
	45.4
	51.7
	61
	68.1
	71.4
	70.3
	64.6
	52
	43.4
	37.3

	MERIDIAN, MS
	Southern
	34.7
	37.7
	44.3
	50.4
	59.5
	66.8
	70.5
	69.8
	64.2
	51.3
	42.8
	37.2

	TUPELO, MS
	Southern
	30.5
	33.5
	41.4
	48.2
	57.7
	65.7
	69.8
	68.2
	61.7
	48.8
	40
	33.2

	COLUMBIA, MO
	Central
	18.2
	23.4
	33
	42.9
	52.8
	61.8
	66.3
	64
	55.4
	44.1
	33
	22.5

	KANSAS CITY, MO
	Central
	17.8
	23.3
	33.2
	43.5
	53.9
	63.2
	68.2
	66.1
	57.2
	45.9
	33.4
	22.5

	ST. LOUIS, MO
	Central
	21.2
	26.5
	36.2
	46.5
	56.6
	65.9
	70.6
	68.6
	60.3
	48.2
	36.7
	25.8

	SPRINGFIELD, MO
	Central
	21.8
	26.4
	34.9
	43.6
	53.4
	62.2
	67.1
	65.6
	57.4
	46.1
	35.3
	25.9

	BILLINGS, MT
	Northwest Mountain
	15.1
	20.1
	26.4
	34.7
	44
	52.5
	58.3
	57.3
	47.1
	37.2
	25.6
	17.7

	GLASGOW, MT
	Northwest Mountain
	1.8
	9.9
	20.6
	32.2
	43
	51.6
	56.6
	55.7
	44.1
	33
	18.5
	6.4

	GREAT FALLS, MT
	Northwest Mountain
	11.3
	15.1
	21.5
	29.7
	38.3
	46
	50.4
	49.9
	41.2
	33
	22.5
	14.4

	HAVRE, MT
	Northwest Mountain
	3.7
	10.4
	20
	30
	40.2
	48
	52
	51.3
	40.7
	29.8
	17.3
	7.8

	HELENA, MT
	Northwest Mountain
	9.9
	15.6
	23.5
	31.2
	39.8
	47.5
	52.3
	50.8
	41.2
	31.2
	20.3
	11.3

	KALISPELL, MT
	Northwest Mountain
	13.8
	18.4
	24.8
	30.8
	37.9
	43.5
	46.7
	45.8
	37.1
	28.4
	23.2
	16.1

	MISSOULA, MT
	Northwest Mountain
	16.2
	20.5
	27.1
	32.4
	39.3
	45.9
	50.2
	49.3
	40.6
	31.4
	24
	16.5

	GRAND ISLAND, NE
	Central
	12.2
	17.7
	27
	37.8
	49.3
	59.1
	64.4
	62.3
	51.8
	39.3
	25.9
	15.9

	LINCOLN, NE
	Central
	11.5
	17.2
	27.5
	38.8
	50.1
	60.4
	65.9
	63.7
	53.2
	40.4
	27
	16.2

	NORFOLK, NE
	Central
	9.6
	15.5
	25.4
	36.8
	48.3
	58
	63
	61
	50.4
	38
	24.7
	13.7

	NORTH PLATTE, NE
	Central
	9.9
	15.4
	23.8
	33.4
	44.5
	54.2
	60.2
	58.4
	46.7
	33.7
	20.7
	12.1

	OMAHA EPPLEY AP, NE
	Central
	11.6
	18
	28.1
	39.6
	50.7
	60.6
	65.9
	63.8
	53.5
	41.1
	28.1
	16.4

	OMAHA (NORTH), NE
	Central
	12.6
	19
	28.8
	40.3
	51.3
	60.5
	65.5
	64.1
	55
	43.1
	29.2
	17.2

	SCOTTSBLUFF, NE
	Central
	11
	15.8
	23
	31.4
	42.4
	52.1
	57.4
	54.9
	43.7
	31.3
	19.7
	11.6

	VALENTINE, NE
	Central
	7.8
	13.7
	22.1
	32.4
	43.7
	53.2
	59.1
	57.3
	45.8
	33.1
	20.1
	10.5

	ELKO, NV
	Western Pacific
	14.1
	19.7
	25.9
	29.9
	36.8
	43.5
	48.6
	47
	38.1
	28.3
	20.9
	13.8

	ELY, NV
	Western Pacific
	10.4
	15.6
	21.9
	26.4
	33.4
	40.6
	47.4
	46.4
	37.5
	27.8
	18.2
	10.6

	LAS VEGAS, NV
	Western Pacific
	36.8
	41.4
	47
	53.9
	62.9
	72.3
	78.2
	76.7
	68.8
	56.5
	44
	36.6

	RENO, NV
	Western Pacific
	21.8
	25.4
	29.3
	33.2
	40.2
	46.5
	51.4
	49.9
	43.1
	34
	26.4
	20.7

	WINNEMUCCA, NV
	Western Pacific
	18.5
	23.6
	27
	30.7
	38.4
	45.8
	51.8
	49.2
	40.2
	30.2
	23.3
	17

	CONCORD, NH
	New England
	9.7
	12.6
	22.7
	32.2
	42.4
	51.8
	57.1
	55.6
	46.6
	35.1
	27.6
	16.2

	MT. WASHINGTON, NH
	New England
	-3.7
	-1.7
	5.9
	16.4
	29.5
	38.5
	43.3
	42.1
	34.6
	24
	13.6
	1.7

	ATLANTIC CITY AP, NJ
	Eastern
	22.8
	24.5
	31.7
	39.8
	49.8
	59.3
	65.4
	63.7
	56
	43.9
	35.7
	27.1

	ATLANTIC CITY C.O.,NJ
	Eastern
	29
	30.6
	37
	45.2
	54.8
	63.9
	69.8
	69.7
	63.6
	52.5
	42.9
	34

	NEWARK, NJ
	Eastern
	24.4
	26.6
	34.2
	43.7
	54.1
	63.5
	69.1
	67.7
	59.9
	48.2
	39.1
	29.8

	ALBUQUERQUE, NM
	Southwest
	23.8
	28.2
	33.7
	40.5
	49.7
	59.4
	64.7
	63.2
	56
	43.8
	31.6
	24.2

	CLAYTON, NM
	Southwest
	20.3
	23.7
	29.2
	37.2
	46.7
	55.9
	60.2
	59.2
	51.5
	40.6
	28.7
	21.6

	ROSWELL, NM
	Southwest
	24.4
	29.3
	35.7
	43.3
	53.2
	62
	66.7
	65.5
	58.3
	46.3
	33.3
	25.1

	ALBANY, NY
	Eastern
	13.3
	15.7
	25.4
	35.9
	46.5
	55
	60
	58.3
	49.9
	38.8
	30.8
	20.1

	BINGHAMTON, NY
	Eastern
	15
	16.7
	24.7
	35.1
	46.2
	54.4
	59.2
	57.4
	49.9
	39.6
	30.9
	20.8

	BUFFALO, NY
	Eastern
	17.8
	18.6
	26.1
	36.4
	47.7
	56.9
	62.1
	60.5
	52.9
	42.6
	33.7
	23.6

	ISLIP, NY
	Eastern
	22.6
	24.3
	31.1
	40
	49.4
	59.6
	65.9
	64.5
	56.6
	44.6
	36.1
	27.5

	NEW YORK C.PARK, NY
	Eastern
	26.2
	28.1
	35.1
	44.2
	54.2
	63.3
	68.8
	67.7
	60.3
	49.6
	41
	31.6

	NEW YORK (JFK AP), NY
	Eastern
	24.7
	26.1
	32.9
	41.6
	51.2
	60.4
	66.7
	66.3
	59.5
	48.7
	39.8
	30.5

	NEW YORK (LAGUARDIA AP), NY
	Eastern
	26.5
	28.3
	35.1
	44.4
	54.3
	63.7
	69.5
	68.7
	61.6
	50.9
	41.6
	32

	ROCHESTER, NY
	Eastern
	16.6
	17.3
	25.2
	35.3
	46.1
	55
	60
	58.7
	51.3
	41.1
	32.6
	22.7

	SYRACUSE, NY
	Eastern
	14
	15.5
	24.2
	34.9
	45.8
	54.6
	60.1
	58.8
	51.1
	40.4
	32
	20.9

	ASHEVILLE, NC
	Southern
	25.8
	28
	34.9
	41.8
	50.6
	58.3
	62.7
	61.8
	55.4
	43.3
	35.3
	28.8

	CAPE HATTERAS, NC
	Southern
	38.6
	39
	44.5
	51.8
	60.2
	68.1
	72.9
	72.3
	68.5
	58.8
	50.3
	42.6

	CHARLOTTE, NC
	Southern
	32.1
	34.4
	41.6
	49.1
	58.2
	66.5
	70.6
	69.3
	63
	50.9
	41.8
	34.9

	GREENSBORO-WNSTN-SALM-HGHPT,NC
	Southern
	28.2
	30.6
	37.8
	45.5
	54.7
	63.5
	68.1
	66.8
	60.1
	47.5
	38.6
	31.4

	RALEIGH, NC
	Southern
	29.6
	31.9
	38.9
	46.4
	55.3
	63.8
	68.5
	67.2
	61
	48.2
	39.5
	32.6

	WILMINGTON, NC
	Southern
	35.8
	37.5
	43.7
	51.2
	59.8
	67.6
	72.3
	71
	65.9
	53.9
	45.1
	38.1

	BISMARCK, ND
	Great Lakes
	-0.6
	7.8
	19.1
	30.6
	42.8
	51.6
	56.4
	54.7
	43.7
	32.1
	17.8
	4.8

	FARGO, ND
	Great Lakes
	-2.3
	5.4
	19
	32.4
	45.3
	54.5
	59
	57
	46.1
	34.4
	18.7
	4.2

	GRAND FORKS, ND
	Great Lakes
	-4.3
	3.7
	17.1
	31
	43.5
	52.8
	56.8
	54.5
	44.3
	33
	17.4
	2.5

	WILLISTON, ND
	Great Lakes
	-3.3
	5.9
	17.2
	29.1
	40.9
	50.1
	55.2
	53.8
	42.2
	30.2
	14.9
	2.1

	AKRON, OH
	Great Lakes
	17.4
	19.8
	27.9
	37.1
	47.8
	56.8
	61.3
	60.2
	53.1
	42.1
	33.4
	23.6

	CLEVELAND, OH
	Great Lakes
	18.8
	21
	28.9
	37.9
	48.3
	57.7
	62.3
	61.2
	54.3
	43.7
	34.9
	24.9

	COLUMBUS, OH
	Great Lakes
	20.3
	23.5
	32.2
	41.2
	51.8
	60.7
	64.9
	63.2
	55.9
	44
	34.9
	25.9

	DAYTON, OH
	Great Lakes
	19
	22.4
	31.2
	40.4
	51.1
	60.2
	64.4
	62.2
	54.6
	43.5
	34.3
	24.4

	MANSFIELD, OH
	Great Lakes
	16.2
	18.7
	26.8
	36.1
	46.7
	55.8
	60.3
	58.9
	52.1
	41.3
	32.2
	22

	TOLEDO, OH
	Great Lakes
	16.4
	18.9
	27.9
	37.7
	48.6
	58.2
	62.6
	60.7
	52.9
	41.6
	32.6
	22.3

	YOUNGSTOWN, OH
	Great Lakes
	17.4
	19.3
	27.1
	36.5
	46.2
	54.6
	58.7
	57.5
	50.9
	40.9
	33
	23.4

	OKLAHOMA CITY, OK
	Southwest
	26.2
	31.1
	39.4
	48.1
	57.9
	66.4
	70.8
	69.8
	62.2
	50.6
	38.2
	29.2

	TULSA, OK
	Southwest
	26.3
	31.1
	40.3
	49.5
	59
	67.9
	73.1
	71.2
	62.9
	51.1
	39.3
	29.8

	ASTORIA, OR
	Northwest Mountain
	36.7
	37.6
	38.6
	40.8
	45.4
	49.8
	52.9
	53.2
	49.5
	44.1
	40.1
	37.1

	BURNS,OR
	Northwest Mountain
	14
	19.4
	24.9
	28.6
	35.6
	41.1
	46.4
	43.9
	35
	26.4
	20.6
	14.6

	EUGENE, OR
	Northwest Mountain
	33
	34.9
	36.7
	38.9
	42.7
	47
	50.8
	50.8
	46.7
	40.5
	37.2
	33.3

	MEDFORD, OR
	Northwest Mountain
	30.9
	33.1
	35.9
	39
	44
	50.1
	55.2
	54.9
	48.3
	40.2
	35
	31

	PENDLETON, OR
	Northwest Mountain
	27.4
	30.9
	35.4
	39.7
	45.9
	52
	57.5
	57.3
	49.7
	40.7
	33.8
	27.7

	PORTLAND, OR
	Northwest Mountain
	34.2
	35.9
	38.6
	41.9
	47.5
	52.6
	56.9
	57.3
	52.5
	45.2
	39.8
	35

	SALEM, OR
	Northwest Mountain
	33.5
	34.7
	36.6
	38.8
	43.6
	48.4
	52
	52.1
	47.7
	41.3
	37.9
	33.9

	SEXTON SUMMIT, OR
	Northwest Mountain
	32.5
	33
	32.5
	34.9
	39.6
	45.4
	51.8
	52.7
	49.8
	43.3
	35.2
	32.5

	ALLENTOWN, PA
	Eastern
	19.1
	21
	28.9
	37.8
	48.3
	57.7
	62.6
	60.7
	52.7
	41.1
	32.7
	24

	ERIE, PA.
	Eastern
	20.3
	20.9
	28.2
	37.9
	48.7
	58.5
	63.7
	62.7
	55.9
	45.5
	36.4
	26.8

	HARRISBURG, PA
	Eastern
	23.1
	24.7
	32.5
	41.5
	51.4
	60.6
	66
	64.2
	56.7
	44.6
	36.1
	27.8

	MIDDLETOWN/HARRISBURG INTL APT
	Eastern
	23.1
	24.7
	32.5
	41.5
	51.4
	60.6
	66
	64.2
	56.7
	44.6
	36.1
	27.8

	PHILADELPHIA, PA
	Eastern
	25.5
	27.5
	35.1
	44.2
	54.8
	64
	69.7
	68.5
	60.9
	48.7
	39.5
	30.6

	PITTSBURGH, PA
	Eastern
	19.9
	22.3
	30.1
	39.1
	49.2
	57.7
	62.4
	61
	53.9
	42.5
	34.2
	25.3

	AVOCA, PA
	Eastern
	18.5
	20.4
	28.4
	38.1
	48.4
	56.7
	61.5
	60.1
	52.6
	41.7
	33.7
	24.2

	WILLIAMSPORT, PA
	Eastern
	17.9
	19.9
	28.2
	37.8
	47.8
	56.8
	61.7
	60.4
	52.8
	40.9
	32.7
	23.7

	PROVIDENCE, RI
	New England
	20.3
	22.5
	30
	39.1
	48.8
	57.9
	64.1
	62.8
	54.5
	43.1
	35.1
	25.6

	CHARLESTON AP,SC
	Southern
	36.9
	39.1
	46
	52.2
	61.3
	68.5
	72.5
	71.6
	67.1
	55.3
	46.4
	39.3

	CHARLESTON C.O.,SC
	Southern
	42.4
	44.9
	51.5
	58.8
	67.4
	73.8
	77
	76.1
	72.2
	61.9
	53.4
	45.5

	COLUMBIA, SC
	Southern
	34
	36.3
	43.5
	50.7
	60
	67.9
	71.8
	70.6
	64.6
	51.5
	42.6
	36.1

	GREENVILLE-SPARTANBURG AP, SC
	Southern
	31.4
	33.9
	40.5
	47
	56.2
	64.3
	68.7
	67.9
	61.7
	49.7
	41
	34.3

	ABERDEEN, SD
	Great Lakes
	0.6
	8.8
	21.2
	33.4
	45.6
	54.8
	59.7
	57.4
	46.5
	34.4
	19.7
	6.3

	HURON, SD
	Great Lakes
	3.5
	10.8
	22.3
	33.9
	45.8
	55.4
	60.7
	58.6
	47.3
	34.9
	21.1
	8.4

	RAPID CITY, SD
	Great Lakes
	11.3
	15.9
	23.2
	32.3
	42.7
	51.8
	57.9
	56.6
	46
	34.7
	22.1
	13.3

	SIOUX FALLS, SD
	Great Lakes
	2.9
	10.1
	21.3
	32.5
	44.6
	54.5
	60.3
	58.4
	47.6
	34.8
	20.7
	7.8

	BRISTOL-JHNSN CTY-KNGSPRT,TN
	Southern
	24.3
	27
	34.6
	42
	51
	59.5
	63.5
	61.7
	54.7
	41.8
	33.6
	26.8

	CHATTANOOGA, TN
	Southern
	29.9
	32.6
	40
	47
	56.2
	64.6
	69.4
	68.3
	61.7
	48.5
	39.5
	32.7

	KNOXVILLE, TN
	Southern
	28.9
	31.8
	39.1
	46.6
	55.6
	63.9
	68.5
	67.3
	60.8
	47.7
	38.9
	31.9

	MEMPHIS, TN
	Southern
	31.3
	35.5
	43.7
	51.9
	60.8
	68.8
	72.9
	71.2
	64.3
	52.5
	42.6
	34.5

	NASHVILLE, TN
	Southern
	27.9
	31.2
	39.4
	47.1
	56.7
	65
	69.5
	68
	61
	48.6
	39.5
	31.5

	OAK RIDGE,TN
	Southern
	27.2
	29.5
	36.6
	43.8
	53.4
	61.7
	66.4
	65.2
	58.8
	45.7
	36.4
	29.8

	ABILENE, TX
	Southwest
	31.8
	36.5
	43.8
	51.8
	61
	68.5
	72.3
	71.4
	64.4
	54.4
	42.3
	33.9

	AMARILLO, TX
	Southwest
	22.6
	27
	33.6
	41.7
	51.7
	61.1
	65.3
	63.8
	56.3
	44.6
	31.8
	24.1

	AUSTIN/CITY, TX
	Southwest
	40
	44
	50.9
	57.6
	65.4
	71.1
	73.4
	73.3
	68.8
	59.8
	49.3
	41.9

	AUSTIN/BERGSTROM, TX
	Southwest
	40.6
	44.4
	51.7
	58.1
	65.9
	71.8
	74
	73.6
	68.9
	59.7
	50.1
	42.5

	BROWNSVILLE, TX
	Southwest
	50.5
	53.3
	59.5
	65.2
	71.6
	74.9
	75.4
	75.3
	72.6
	65.9
	58.6
	52

	CORPUS CHRISTI, TX
	Southwest
	46.2
	49.3
	56.2
	62.3
	69.5
	73.5
	74.4
	74.5
	71.6
	64
	55.4
	48.1

	DALLAS-FORT WORTH, TX
	Southwest
	34
	38.7
	46.4
	54
	63
	70.7
	74.6
	74
	67.2
	56.4
	45.1
	36.8

	DALLAD-LOVE FIELD, TX
	Southwest
	36.4
	41
	48.5
	56.1
	64.9
	72.7
	76.8
	76.4
	69.2
	58.2
	46.8
	38.6

	DEL RIO, TX
	Southwest
	39.7
	44.1
	51.6
	58.5
	66.7
	72.1
	74.3
	74.1
	69.4
	60.5
	49.2
	41.2

	EL PASO, TX
	Southwest
	32.9
	37.5
	43.7
	51.1
	60.6
	68.8
	72
	70.2
	63.7
	51.8
	39.8
	33.4

	GALVESTON, TX
	Southwest
	49.7
	51.5
	58.2
	64.7
	72.3
	77.8
	79.8
	79.5
	75.6
	68.4
	59.4
	51.8

	HOUSTON, TX
	Southwest
	41.2
	44.3
	51.3
	57.9
	66.1
	71.8
	73.5
	73
	68.4
	58.8
	49.8
	42.8

	LUBBOCK, TX
	Southwest
	24.4
	28.9
	36.2
	45.4
	55.6
	64.1
	67.7
	66
	58.4
	47
	34.5
	26.1

	MIDLAND-ODESSA, TX
	Southwest
	29.6
	34.1
	40.8
	48.6
	58.8
	66.4
	69.1
	67.9
	61.6
	51.3
	38.8
	31.2

	PORT ARTHUR, TX
	Southwest
	42.9
	45.9
	52.4
	58.6
	66.4
	72.3
	73.8
	73.2
	69.4
	59.6
	50.8
	44.5

	SAN ANGELO, TX
	Southwest
	31.8
	36
	43.3
	51
	60.6
	67.6
	70.4
	69.4
	63
	53
	41.4
	33.5

	SAN ANTONIO, TX
	Southwest
	38.6
	42.4
	49.9
	56.9
	65.5
	71.6
	74
	73.6
	68.8
	59.4
	48.6
	40.8

	VICTORIA, TX
	Southwest
	43.6
	46.7
	53.9
	60.1
	68.1
	73.3
	75
	74.6
	70.3
	61.6
	52.3
	45.2

	WACO, TX
	Southwest
	35.1
	39.3
	46.8
	54.2
	63.3
	70.6
	74.1
	73.5
	67
	56.7
	45.8
	37.5

	WICHITA FALLS, TX
	Southwest
	28.9
	33.4
	41.1
	49.3
	59.3
	67.8
	72.4
	71.3
	63.7
	52.4
	40.1
	31.3

	MILFORD, UT
	Northwest Mountain
	15.5
	20.2
	26.4
	31.6
	38.9
	47.1
	55.4
	54.5
	44.9
	33.1
	23
	15

	SALT LAKE CITY, UT
	Northwest Mountain
	21.3
	25.5
	33.4
	39
	46.9
	55.8
	63.4
	62.4
	52.4
	41
	30.4
	22.4

	BURLINGTON, VT
	New England
	9.3
	10.9
	21.8
	33.6
	45.2
	54.7
	59.8
	58.1
	49.9
	38.9
	30.3
	17.3

	LYNCHBURG, VA
	Eastern
	24.5
	26.9
	34.4
	42.6
	51.2
	59.5
	63.7
	62.4
	55.9
	43.7
	35.2
	27.9

	NORFOLK, VA
	Eastern
	32.3
	33.6
	40.1
	47.8
	57.6
	66.2
	71.4
	70.1
	64.8
	52.8
	43.7
	36.1

	RICHMOND, VA
	Eastern
	27.6
	29.7
	37
	45.3
	54.6
	63.3
	68.3
	66.8
	59.9
	47.2
	38.4
	31.1

	ROANOKE, VA
	Eastern
	26.6
	29
	36.5
	44.2
	52.3
	60.4
	64.9
	63.4
	56.6
	44.6
	36.6
	29.6

	OLYMPIA, WA
	Northwest Mountain
	31.8
	32.6
	34.1
	36.5
	42
	46.4
	49.6
	49.5
	44.9
	38.9
	35.3
	32.1

	QUILLAYUTE, WA
	Northwest Mountain
	34.6
	35.1
	35.7
	37.6
	41.9
	46
	49
	49.2
	45.7
	40.9
	37.5
	34.6

	SEATTLE C.O., WA
	Northwest Mountain
	36
	37.1
	39.2
	42.5
	48.2
	52.7
	56.4
	57.1
	52.6
	46.4
	40.4
	36.1

	SEATTLE SEA-TAC AP, WA
	Northwest Mountain
	35.9
	37.2
	39.1
	42.1
	47.2
	51.7
	55.3
	55.7
	51.9
	45.7
	39.9
	35.9

	SPOKANE, WA
	Northwest Mountain
	21.7
	25.7
	30.4
	35.5
	42.6
	49.2
	54.6
	54.5
	45.9
	35.8
	28.7
	21.6

	WALLA WALLA WASHINGTON
	Northwest Mountain
	28.8
	32.5
	36.9
	41.3
	47.6
	54.3
	60.7
	61.2
	52.9
	43.6
	36
	29.3

	YAKIMA, WA
	Northwest Mountain
	20.5
	24.7
	28.9
	33.2
	40
	46.2
	50.9
	50.1
	42.3
	32.9
	26.3
	20.5

	SAN JUAN, PR
	Southern
	70.8
	70.9
	71.7
	73.2
	74.9
	76.6
	76.9
	77
	76.5
	75.6
	74
	72.1

	BECKLEY, WV
	Eastern
	22.1
	24.9
	32.4
	40.6
	49.2
	57
	61.1
	59.8
	53.5
	42.4
	34.4
	26.5

	CHARLESTON, WV
	Eastern
	24.2
	26.7
	34
	41.8
	50.3
	58.3
	62.9
	61.7
	55
	43.1
	35.3
	28.2

	ELKINS, WV
	Eastern
	18
	19.7
	26.9
	34.6
	44.1
	52.7
	57.6
	56.7
	50.1
	37
	29.3
	21.9

	HUNTINGTON, WV
	Eastern
	24.5
	27.5
	35.5
	43.7
	52.6
	60.9
	65.4
	64.1
	56.8
	44.8
	36.6
	28.9

	GREEN BAY, WI
	Great Lakes
	7.1
	12.1
	22.6
	33.9
	44.7
	54
	58.6
	56.5
	47.5
	36.9
	25.6
	13.3

	LA CROSSE, WI
	Great Lakes
	6.3
	12.8
	24.5
	37.1
	48.7
	57.9
	62.8
	60.7
	51.7
	40.1
	27.4
	13.6

	MADISON, WI
	Great Lakes
	9.3
	14.3
	24.6
	35.2
	46
	55.7
	61
	58.7
	49.9
	38.9
	27.7
	15.8

	MILWAUKEE, WI
	Great Lakes
	13.4
	18.3
	27.3
	36.4
	46.2
	56.3
	62.9
	62.1
	54.1
	42.6
	31
	19.4

	CASPER, WY
	Northwest Mountain
	12.2
	16.4
	23.1
	29.3
	37.9
	46.6
	53.2
	51.8
	41.7
	31.8
	21.3
	14

	CHEYENNE, WY
	Northwest Mountain
	14.8
	17.2
	22
	28.7
	38.3
	47.5
	53.4
	52
	42.9
	32.5
	22.1
	16.1

	LANDER, WY
	Northwest Mountain
	8.7
	13.9
	23.5
	31.3
	40.3
	48.9
	55.4
	54.1
	44.4
	33.2
	18.9
	9.9

	SHERIDAN, WY
	Northwest Mountain
	9.7
	14.9
	22.5
	30.4
	38.6
	46.8
	52.4
	51.5
	41
	30.3
	18.5
	10.4
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Summary of average daily GWT
[bookmark: _Toc468311223]Table B1. Mean daily GWT record at Fairbanks, AK
	Day of Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1
	27.28
	27.25
	27.33
	27.45
	27.59
	27.91
	28.11
	28.25
	28.08
	27.77
	27.67
	27.52

	2
	27.28
	27.28
	27.33
	27.45
	27.59
	27.91
	28.13
	28.23
	28.07
	27.76
	27.66
	27.51

	3
	27.28
	27.29
	27.34
	27.45
	27.60
	27.92
	28.14
	28.22
	28.06
	27.75
	27.65
	27.39

	4
	27.28
	27.29
	27.34
	27.46
	27.61
	27.92
	28.15
	28.22
	28.06
	27.74
	27.64
	27.41

	5
	27.27
	27.29
	27.34
	27.47
	27.61
	27.94
	28.15
	28.17
	28.07
	27.72
	27.64
	27.39

	6
	27.27
	27.29
	27.34
	27.47
	27.62
	27.95
	28.15
	28.17
	28.06
	27.72
	27.62
	27.38

	7
	27.27
	27.29
	27.34
	27.47
	27.63
	27.96
	28.16
	28.17
	28.05
	27.89
	27.62
	27.31

	8
	27.27
	27.30
	27.35
	27.57
	27.64
	27.97
	28.19
	28.18
	28.05
	27.89
	27.61
	27.31

	9
	27.27
	27.29
	27.36
	27.57
	27.64
	27.97
	28.18
	28.19
	28.04
	27.89
	27.60
	27.31

	10
	27.27
	27.29
	27.36
	27.57
	27.65
	27.99
	28.18
	28.22
	28.03
	27.87
	27.59
	27.30

	11
	27.27
	27.29
	27.37
	27.58
	27.66
	27.99
	28.18
	28.24
	28.02
	27.86
	27.58
	27.30

	12
	27.27
	27.30
	27.37
	27.59
	27.67
	27.99
	28.18
	28.25
	28.00
	27.85
	27.56
	27.29

	13
	27.27
	27.30
	27.37
	27.59
	27.68
	28.00
	28.17
	28.25
	28.00
	27.84
	27.55
	27.28

	14
	27.27
	27.30
	27.38
	27.59
	27.68
	28.00
	28.16
	28.25
	27.99
	27.83
	27.54
	27.29

	15
	27.27
	27.30
	27.38
	27.59
	27.69
	28.00
	28.16
	28.25
	27.99
	27.82
	27.53
	27.28

	16
	27.27
	27.30
	27.38
	27.60
	27.70
	28.00
	28.16
	28.25
	27.98
	27.80
	27.53
	27.33

	17
	27.27
	27.31
	27.39
	27.60
	27.72
	28.02
	28.16
	28.25
	27.98
	27.79
	27.52
	27.33

	18
	27.27
	27.31
	27.39
	27.60
	27.73
	28.02
	28.16
	28.24
	27.97
	27.78
	27.51
	27.32

	19
	27.27
	27.31
	27.39
	27.51
	27.73
	28.02
	28.16
	28.23
	27.96
	27.78
	27.50
	27.32

	20
	27.27
	27.32
	27.40
	27.51
	27.74
	28.03
	28.16
	28.22
	27.95
	27.77
	27.50
	27.31

	21
	27.28
	27.32
	27.41
	27.51
	27.75
	28.03
	28.17
	28.21
	27.94
	27.76
	27.50
	27.31

	22
	27.28
	27.32
	27.41
	27.52
	27.77
	28.04
	28.18
	28.18
	27.93
	27.74
	27.49
	27.31

	23
	27.28
	27.32
	27.41
	27.43
	27.78
	28.05
	28.20
	28.17
	27.92
	27.74
	27.49
	27.31

	4
	27.28
	27.32
	27.42
	27.44
	27.80
	28.05
	28.22
	28.16
	27.92
	27.73
	27.48
	27.30

	25
	27.28
	27.32
	27.42
	27.46
	27.81
	28.06
	28.21
	28.16
	27.91
	27.72
	27.48
	27.30

	26
	27.28
	27.33
	27.43
	27.56
	27.82
	28.06
	28.19
	28.15
	27.91
	27.72
	27.47
	27.30

	27
	27.27
	27.33
	27.43
	27.57
	27.84
	28.07
	28.20
	28.15
	27.90
	27.71
	27.46
	27.29

	28
	27.28
	27.33
	27.43
	27.61
	27.85
	28.06
	28.22
	28.14
	27.89
	27.70
	27.45
	27.29

	29
	27.28
	27.15
	27.43
	27.58
	27.86
	28.08
	28.23
	28.12
	27.89
	27.69
	27.44
	27.29

	30
	27.24
	
	27.44
	27.59
	27.88
	28.09
	28.24
	28.10
	27.87
	27.68
	27.43
	27.29

	31
	27.24
	
	27.44
	
	27.89
	
	28.25
	28.08
	
	27.68
	
	27.28



[bookmark: _Toc468311224]Table B2. GWT record at Scottsbluff, NE
	Day of Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1
	27.28
	27.25
	27.33
	27.45
	27.59
	27.91
	28.11
	28.25
	28.08
	27.77
	27.67
	27.52

	2
	27.28
	27.28
	27.33
	27.45
	27.59
	27.91
	28.13
	28.23
	28.07
	27.76
	27.66
	27.51

	3
	27.28
	27.29
	27.34
	27.45
	27.60
	27.92
	28.14
	28.22
	28.06
	27.75
	27.65
	27.39

	4
	27.28
	27.29
	27.34
	27.46
	27.61
	27.92
	28.15
	28.22
	28.06
	27.74
	27.64
	27.41

	5
	27.27
	27.29
	27.34
	27.47
	27.61
	27.94
	28.15
	28.17
	28.07
	27.72
	27.64
	27.39

	6
	27.27
	27.29
	27.34
	27.47
	27.62
	27.95
	28.15
	28.17
	28.06
	27.72
	27.62
	27.38

	7
	27.27
	27.29
	27.34
	27.47
	27.63
	27.96
	28.16
	28.17
	28.05
	27.89
	27.62
	27.31

	8
	27.27
	27.30
	27.35
	27.57
	27.64
	27.97
	28.19
	28.18
	28.05
	27.89
	27.61
	27.31

	9
	27.27
	27.29
	27.36
	27.57
	27.64
	27.97
	28.18
	28.19
	28.04
	27.89
	27.60
	27.31

	10
	27.27
	27.29
	27.36
	27.57
	27.65
	27.99
	28.18
	28.22
	28.03
	27.87
	27.59
	27.30

	11
	27.27
	27.29
	27.37
	27.58
	27.66
	27.99
	28.18
	28.24
	28.02
	27.86
	27.58
	27.30

	12
	27.27
	27.30
	27.37
	27.59
	27.67
	27.99
	28.18
	28.25
	28.00
	27.85
	27.56
	27.29

	13
	27.27
	27.30
	27.37
	27.59
	27.68
	28.00
	28.17
	28.25
	28.00
	27.84
	27.55
	27.28

	14
	27.27
	27.30
	27.38
	27.59
	27.68
	28.00
	28.16
	28.25
	27.99
	27.83
	27.54
	27.29

	15
	27.27
	27.30
	27.38
	27.59
	27.69
	28.00
	28.16
	28.25
	27.99
	27.82
	27.53
	27.28

	16
	27.27
	27.30
	27.38
	27.60
	27.70
	28.00
	28.16
	28.25
	27.98
	27.80
	27.53
	27.33

	17
	27.27
	27.31
	27.39
	27.60
	27.72
	28.02
	28.16
	28.25
	27.98
	27.79
	27.52
	27.33

	18
	27.27
	27.31
	27.39
	27.60
	27.73
	28.02
	28.16
	28.24
	27.97
	27.78
	27.51
	27.32

	19
	27.27
	27.31
	27.39
	27.51
	27.73
	28.02
	28.16
	28.23
	27.96
	27.78
	27.50
	27.32

	20
	27.27
	27.32
	27.40
	27.51
	27.74
	28.03
	28.16
	28.22
	27.95
	27.77
	27.50
	27.31

	21
	27.28
	27.32
	27.41
	27.51
	27.75
	28.03
	28.17
	28.21
	27.94
	27.76
	27.50
	27.31

	22
	27.28
	27.32
	27.41
	27.52
	27.77
	28.04
	28.18
	28.18
	27.93
	27.74
	27.49
	27.31

	23
	27.28
	27.32
	27.41
	27.43
	27.78
	28.05
	28.20
	28.17
	27.92
	27.74
	27.49
	27.31

	24
	27.28
	27.32
	27.42
	27.44
	27.80
	28.05
	28.22
	28.16
	27.92
	27.73
	27.48
	27.30

	25
	27.28
	27.32
	27.42
	27.46
	27.81
	28.06
	28.21
	28.16
	27.91
	27.72
	27.48
	27.30

	26
	27.28
	27.33
	27.43
	27.56
	27.82
	28.06
	28.19
	28.15
	27.91
	27.72
	27.47
	27.30

	27
	27.27
	27.33
	27.43
	27.57
	27.84
	28.07
	28.20
	28.15
	27.90
	27.71
	27.46
	27.29

	28
	27.28
	27.33
	27.43
	27.61
	27.85
	28.06
	28.22
	28.14
	27.89
	27.70
	27.45
	27.29

	29
	27.28
	27.15
	27.43
	27.58
	27.86
	28.08
	28.23
	28.12
	27.89
	27.69
	27.44
	27.29

	30
	27.24
	 
	27.44
	27.59
	27.88
	28.09
	28.24
	28.10
	27.87
	27.68
	27.43
	27.29

	31
	27.24
	 
	27.44
	 
	27.89
	 
	28.25
	28.08
	 
	27.68
	 
	27.28



[bookmark: _Toc468311225]Table B3. GWT record at Dulles, DC
	Day of Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1
	22.88
	22.53
	22.6
	21.98
	20.92
	21.13
	21.02
	22.24
	22.76
	22.83
	23.07
	23.12

	2
	22.88
	22.52
	22.56
	21.95
	20.9
	21.38
	21.03
	22.14
	22.78
	22.84
	23
	23.15

	3
	22.85
	22.86
	22.58
	21.9
	21.56
	21.38
	21.27
	21.16
	22.37
	22.87
	23.01
	23.16

	4
	22.82
	22.47
	22.57
	21.87
	21.55
	21.37
	21.27
	21.23
	22.38
	22.88
	23.04
	23.17

	5
	22.81
	22.85
	22.55
	21.89
	21.53
	21.36
	21.28
	21.26
	22.4
	22.91
	23.05
	23.16

	6
	22.81
	22.62
	22.52
	22.12
	21.54
	21.36
	21.3
	22.25
	22.43
	22.93
	23.15
	23.17

	7
	22.82
	22.79
	22.49
	21.86
	21.54
	21.34
	21.31
	22.27
	22.45
	22.94
	23.17
	23.18

	8
	22.79
	22.62
	22.45
	21.85
	21.53
	21.3
	21.31
	22.3
	22.47
	22.92
	23.19
	23.2

	9
	22.78
	22.61
	22.44
	21.85
	21.51
	21.29
	21.33
	22.32
	22.5
	22.89
	23.2
	23.19

	10
	22.78
	22.78
	22.43
	21.85
	21.5
	21.31
	21.36
	22.33
	22.54
	22.89
	23.2
	23.16

	11
	22.77
	22.79
	22.42
	21.84
	21.5
	21.31
	21.37
	22.36
	22.57
	22.91
	23.21
	23.07

	12
	22.76
	22.78
	22.4
	21.81
	21.49
	21.31
	21.4
	22.37
	22.58
	22.92
	23.22
	23.07

	13
	22.75
	22.6
	22.4
	21.79
	21.5
	21.32
	21.42
	22.4
	22.59
	22.94
	23.21
	23.1

	14
	22.71
	22.75
	22.39
	21.76
	21.5
	21.31
	21.78
	22.42
	22.61
	22.94
	23.21
	23.08

	15
	22.68
	22.78
	23.08
	21.72
	21.48
	21.31
	21.44
	22.45
	22.62
	22.94
	23.22
	23.07

	16
	22.68
	22.78
	23.07
	21.7
	21.45
	21.32
	21.47
	22.47
	22.65
	22.98
	23.21
	23.04

	17
	22.69
	22.76
	23.03
	21.7
	21.45
	21.44
	21.51
	22.5
	22.68
	22.99
	23.21
	22.99

	18
	22.65
	22.73
	23.03
	21.69
	21.44
	21.44
	21.52
	22.53
	22.86
	23
	23.12
	22.95

	19
	22.64
	22.73
	22.34
	21.66
	21.43
	21.32
	21.88
	22.32
	22.95
	23.01
	23.09
	22.92

	20
	22.63
	22.71
	22.32
	21.83
	21.44
	21.08
	21.99
	22.34
	22.96
	23.03
	23.06
	22.94

	21
	22.65
	22.71
	22.27
	21.82
	21.42
	21.04
	21.62
	22.26
	22.85
	23.04
	23.06
	22.95

	22
	22.63
	22.69
	22.21
	21.62
	21.41
	21.44
	21.65
	22.88
	22.87
	23.04
	23.05
	22.94

	23
	22.62
	22.67
	22.18
	21.61
	21.14
	21.41
	22.05
	22.9
	22.94
	23.06
	23.16
	22.92

	24
	22.62
	22.68
	22.16
	21.6
	21.13
	21.03
	22.08
	22.93
	22.94
	23.08
	23.27
	22.83

	25
	22.9
	22.65
	22.14
	20.97
	21.13
	21.03
	22.03
	22.96
	22.96
	23.09
	23.17
	22.82

	26
	22.91
	22.64
	22.12
	20.95
	21.38
	20.99
	22.04
	22.98
	22.98
	23.09
	23.31
	22.8

	27
	22.9
	22.63
	22.11
	20.93
	21.37
	20.98
	21.49
	23.01
	22.98
	23.09
	23.31
	22.82

	28
	22.9
	22.62
	22.11
	21.58
	20.71
	20.97
	21.51
	23.03
	22.99
	23.06
	23.29
	22.82

	29
	22.55
	21.61
	22.1
	20.44
	20.71
	20.97
	21.75
	23.06
	22.88
	22.74
	23.14
	22.86

	30
	22.53
	 
	22.06
	20.44
	21.12
	21
	21.1
	23.09
	22.68
	23.05
	23.13
	22.87

	31
	22.53
	 
	22.02
	 
	21.36
	 
	21.85
	23.15
	 
	23.06
	 
	22.88



[bookmark: _Toc468311226]Table B4. GWT record at Elkins, WV
	Day of Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1
	 
	 
	49.15
	49.34
	47.08
	45.10
	46.21
	47.69
	48.83
	 
	 
	 

	2
	 
	 
	49.16
	49.25
	47.04
	45.18
	46.28
	47.67
	48.86
	 
	 
	 

	3
	 
	 
	49.19
	49.10
	47.02
	45.26
	46.33
	47.62
	48.91
	 
	 
	 

	4
	 
	 
	49.20
	48.93
	46.78
	 
	46.40
	47.65
	48.94
	 
	 
	 

	5
	 
	 
	49.22
	48.82
	46.13
	 
	46.47
	47.69
	48.97
	 
	 
	 

	6
	 
	 
	49.23
	48.72
	45.67
	44.98
	46.52
	47.75
	49.01
	 
	 
	 

	7
	 
	 
	49.23
	48.69
	45.02
	44.92
	46.59
	47.80
	49.05
	 
	 
	 

	8
	 
	 
	49.24
	48.66
	44.58
	44.92
	46.66
	47.84
	49.09
	 
	 
	 

	9
	 
	 
	49.26
	48.65
	44.37
	44.96
	46.73
	47.89
	49.12
	 
	 
	 

	10
	 
	 
	49.28
	48.65
	44.29
	45.02
	46.79
	47.92
	49.15
	 
	 
	 

	11
	 
	 
	49.28
	48.63
	44.25
	45.08
	46.85
	47.98
	49.19
	 
	 
	 

	12
	 
	 
	49.30
	48.59
	44.22
	45.13
	46.89
	48.02
	49.21
	 
	 
	 

	13
	 
	 
	49.32
	48.58
	44.22
	45.20
	46.94
	48.07
	49.24
	 
	 
	 

	14
	 
	 
	49.33
	48.56
	44.22
	45.27
	47.02
	48.11
	49.27
	 
	 
	 

	15
	 
	 
	49.34
	48.54
	44.25
	45.33
	47.08
	48.15
	49.30
	 
	 
	 

	16
	 
	 
	49.36
	48.48
	44.27
	45.41
	47.14
	48.20
	49.34
	 
	 
	 

	17
	 
	 
	49.36
	48.42
	44.26
	45.48
	47.20
	48.25
	49.38
	 
	 
	 

	18
	 
	 
	49.36
	48.33
	44.28
	45.42
	47.25
	48.29
	49.41
	 
	 
	 

	19
	 
	49.04
	49.37
	48.26
	44.31
	45.42
	47.31
	48.31
	49.43
	 
	 
	 

	20
	 
	49.06
	49.38
	48.15
	44.35
	45.47
	47.37
	48.34
	49.45
	 
	 
	 

	21
	 
	49.08
	49.40
	47.84
	44.40
	45.52
	47.42
	48.40
	49.49
	 
	 
	 

	22
	 
	49.09
	49.42
	47.60
	44.46
	45.58
	47.47
	48.44
	49.51
	 
	 
	 

	23
	 
	49.10
	49.43
	47.43
	44.52
	45.65
	47.52
	48.48
	49.53
	 
	 
	 

	24
	 
	49.11
	49.45
	47.35
	44.58
	45.73
	47.56
	48.53
	49.55
	 
	 
	 

	25
	 
	49.10
	49.46
	47.29
	44.66
	45.80
	47.61
	48.59
	49.58
	 
	 
	 

	26
	 
	49.12
	49.47
	47.24
	44.74
	45.86
	47.64
	48.64
	49.61
	 
	 
	 

	27
	 
	49.13
	49.48
	47.21
	44.79
	45.94
	47.67
	48.66
	49.60
	 
	 
	 

	28
	 
	49.15
	49.42
	47.17
	44.84
	46.01
	47.70
	48.69
	49.61
	 
	 
	 

	29
	 
	 
	49.38
	47.15
	44.89
	46.07
	47.73
	48.71
	49.63
	 
	 
	 

	30
	 
	 
	49.36
	47.12
	44.96
	46.14
	47.75
	48.74
	49.65
	 
	 
	 

	31
	 
	 
	49.36
	 
	45.02
	 
	47.76
	48.79
	 
	 
	 
	





[bookmark: _Toc468311227]Table B5. GWT record at Rapid City, SD
	Day of Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1
	34.48
	34.23
	35.66
	34
	 
	28.7
	28.09
	30.48
	33.04
	32.7
	31.78
	32.71

	2
	34.42
	34.23
	35.71
	33.94
	 
	28.83
	28.23
	30.51
	33.19
	32.67
	31.81
	32.84

	3
	34.62
	34.22
	35.78
	33.87
	 
	28.71
	28.21
	30.77
	33.32
	32.62
	31.8
	32.87

	4
	34.65
	34.34
	35.9
	33.87
	 
	28.54
	28.24
	30.88
	33.35
	32.54
	31.81
	32.85

	5
	34.58
	34.56
	36.03
	33.81
	 
	28.32
	28.2
	30.97
	33.44
	32.32
	31.62
	33.03

	6
	34.76
	34.57
	36.06
	33.78
	 
	28.17
	28.13
	30.96
	33.46
	32.25
	31.58
	33.13

	7
	34.77
	34.74
	35.91
	33.87
	 
	28.21
	28.3
	30.96
	33.51
	32.3
	31.65
	33.13

	8
	34.73
	35.05
	35.44
	33.73
	 
	28.23
	28.38
	 
	33.81
	32.31
	31.78
	33.07

	9
	34.65
	35.05
	35.3
	34.12
	29.4
	28.36
	28.68
	31.24
	33.84
	32.33
	31.8
	33.07

	10
	34.44
	35.11
	35.17
	34.31
	29.23
	28.4
	28.76
	31.35
	33.82
	32.31
	31.75
	33.21

	11
	34.39
	35.35
	35.18
	34.38
	28.96
	28.39
	28.77
	31.37
	33.92
	32.13
	31.7
	33.21

	12
	34.16
	35.35
	35.16
	34.41
	28.57
	28.43
	28.8
	 
	33.88
	31.86
	31.44
	33.28

	13
	34.09
	35.74
	35.01
	34.64
	28.93
	28.43
	28.74
	 
	33.62
	31.86
	31.48
	33.39

	14
	34.16
	35.79
	35.21
	34.88
	28.91
	28.36
	28.86
	 
	33.24
	31.76
	31.68
	33.72

	15
	34.14
	35.83
	35.21
	35.35
	28.86
	28.18
	28.96
	 
	33.28
	31.96
	31.74
	33.72

	16
	33.93
	35.83
	35.06
	35.37
	28.88
	28.26
	29.08
	 
	33.29
	32.06
	31.73
	33.68

	17
	33.97
	35.57
	34.7
	35.23
	28.59
	28.26
	29.17
	 
	33.22
	32.04
	31.65
	33.61

	18
	33.91
	35.42
	34.57
	35.14
	28.54
	28.2
	29.2
	 
	33.23
	31.67
	31.59
	33.49

	19
	33.91
	35.3
	34.69
	35.21
	28.52
	27.97
	29.14
	 
	33.2
	31.69
	31.7
	33.43

	20
	33.92
	35.22
	34.67
	35.23
	28.93
	27.85
	29.35
	32.08
	33.08
	31.87
	31.7
	33.22

	21
	33.92
	35.21
	34.4
	35.15
	29.06
	27.61
	29.38
	32.13
	33.17
	31.87
	31.56
	33.03

	22
	33.83
	35.22
	34.34
	35.05
	28.93
	27.7
	29.44
	32.09
	33.19
	31.79
	31.58
	33.06

	23
	33.98
	35.27
	34.52
	34.9
	28.99
	27.85
	29.43
	32.07
	33.18
	31.65
	31.63
	33.16

	24
	34.15
	35.22
	34.51
	34.89
	28.82
	27.87
	29.7
	32.39
	33.07
	31.58
	31.86
	33.17

	25
	34.44
	35.25
	34.3
	34.7
	28.53
	27.87
	29.86
	32.47
	32.98
	31.78
	32.01
	33.19

	26
	34.45
	35.27
	34.14
	34.61
	28.57
	27.89
	29.9
	32.62
	32.89
	31.77
	32.01
	33.51

	27
	34.67
	35.23
	34.32
	34.56
	28.49
	28.02
	30.05
	32.79
	33
	31.4
	32.04
	33.74

	28
	34.66
	35.51
	34.31
	34.04
	28.46
	28.02
	30.1
	32.89
	33.02
	31.58
	32.37
	33.88

	29
	34.44
	 
	33.99
	33.94
	28.49
	27.94
	30.26
	32.96
	32.84
	31.57
	32.47
	33.76

	30
	34.39
	 
	33.82
	33.87
	28.55
	27.98
	30.3
	32.96
	32.64
	31.5
	32.47
	34.07

	31
	34.35
	 
	34.06
	 
	28.5
	 
	30.45
	32.94
	 
	31.54
	 
	34.32



[bookmark: _Toc468311228]Table B6. GWT record at Concord, NH
	Day of Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1
	30.06
	29.99
	30.09
	29.45
	27.73
	27.97
	28.56
	29.30
	30.04
	30.64
	30.55
	30.38

	2
	30.05
	30.00
	30.09
	29.40
	27.72
	27.99
	28.57
	29.32
	30.06
	30.65
	30.54
	30.36

	3
	30.04
	30.01
	30.09
	29.34
	27.71
	28.01
	28.59
	29.34
	30.09
	30.66
	30.53
	30.35

	4
	30.03
	30.01
	30.09
	29.28
	27.70
	28.03
	28.61
	29.36
	30.11
	30.68
	30.53
	30.34

	5
	30.02
	30.02
	30.09
	29.22
	27.70
	28.05
	28.62
	29.38
	30.14
	30.69
	30.52
	30.33

	6
	30.02
	30.03
	30.10
	29.15
	27.70
	28.08
	28.65
	29.40
	30.17
	30.71
	30.51
	30.31

	7
	30.02
	30.03
	30.10
	29.08
	27.69
	28.10
	28.67
	29.42
	30.19
	30.72
	30.51
	30.30

	8
	30.01
	30.04
	30.10
	29.01
	27.70
	28.11
	28.69
	29.44
	30.21
	30.73
	30.50
	30.30

	9
	30.01
	30.04
	30.10
	28.94
	27.70
	28.13
	28.71
	29.47
	30.23
	30.73
	30.50
	30.29

	10
	30.01
	30.04
	30.10
	28.87
	27.72
	28.15
	28.74
	29.49
	30.25
	30.73
	30.50
	30.28

	11
	30.00
	30.04
	30.10
	28.81
	27.73
	28.17
	28.76
	29.51
	30.28
	30.73
	30.50
	30.27

	12
	30.00
	30.04
	30.10
	28.73
	27.75
	28.19
	28.78
	29.54
	30.29
	30.73
	30.50
	30.27

	13
	30.00
	30.05
	30.09
	28.67
	27.78
	28.20
	28.81
	29.56
	30.31
	30.73
	30.49
	30.27

	14
	29.99
	30.05
	30.08
	28.60
	27.78
	28.21
	28.84
	29.58
	30.33
	30.72
	30.49
	30.26

	15
	29.99
	30.05
	30.07
	28.54
	27.78
	28.23
	28.87
	29.61
	30.35
	30.72
	30.49
	30.26

	16
	29.99
	30.06
	30.06
	28.47
	27.77
	28.24
	28.90
	29.63
	30.37
	30.72
	30.49
	30.25

	17
	29.99
	30.06
	30.05
	28.40
	27.74
	28.26
	28.93
	29.66
	30.39
	30.71
	30.49
	30.24

	18
	29.97
	30.06
	30.04
	28.32
	27.71
	28.28
	28.96
	29.68
	30.40
	30.69
	30.49
	30.20

	19
	29.97
	30.06
	30.03
	28.24
	27.69
	28.30
	28.99
	29.71
	30.41
	30.68
	30.48
	30.18

	20
	29.96
	30.06
	30.01
	28.17
	27.67
	28.32
	29.02
	29.73
	30.42
	30.66
	30.48
	30.17

	21
	29.96
	30.07
	30.00
	28.10
	27.66
	28.34
	29.05
	29.76
	30.43
	30.65
	30.47
	30.27

	22
	29.96
	30.07
	29.98
	28.03
	27.66
	28.36
	29.08
	29.78
	30.44
	30.64
	30.46
	30.15

	23
	29.95
	30.07
	29.96
	27.97
	27.66
	28.39
	29.10
	29.81
	30.45
	30.63
	30.53
	30.17

	24
	29.95
	30.08
	29.93
	27.93
	27.67
	28.41
	29.13
	29.83
	30.46
	30.63
	30.46
	30.16

	25
	29.95
	30.14
	29.90
	27.89
	27.68
	28.44
	29.14
	29.86
	30.48
	30.62
	30.46
	30.14

	26
	30.07
	30.09
	29.87
	27.85
	27.69
	28.46
	29.17
	29.88
	30.49
	30.55
	30.45
	30.12

	27
	29.96
	30.09
	29.84
	27.82
	27.70
	28.48
	29.19
	29.91
	30.50
	30.61
	30.43
	30.11

	28
	29.96
	30.09
	29.81
	27.79
	27.72
	28.51
	29.21
	29.94
	30.51
	30.60
	30.42
	30.10

	29
	29.97
	30.00
	29.77
	27.77
	27.74
	28.53
	29.24
	29.96
	30.52
	30.59
	30.41
	30.08

	30
	29.98
	 
	29.73
	27.75
	27.76
	28.54
	29.26
	29.98
	30.54
	30.58
	30.39
	30.07

	31
	29.98
	 
	29.50
	 
	27.78
	 
	29.28
	30.01
	 
	30.56
	 
	30.07





[bookmark: _Toc468311229]Table B7. GWT record at Burns, OR
	Day of Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1
	296.22
	295.53
	295.22
	295.05
	294.93
	294.71
	294.71
	294.21
	294.26
	294.65
	294.80
	296.19

	2
	296.21
	295.52
	295.22
	295.05
	294.92
	294.71
	294.71
	294.29
	294.25
	294.65
	294.80
	296.20

	3
	296.21
	295.51
	295.09
	295.03
	294.78
	294.71
	294.71
	294.28
	294.26
	294.65
	294.80
	296.21

	4
	296.20
	295.55
	295.09
	295.03
	294.77
	294.71
	294.71
	294.28
	294.26
	294.66
	294.81
	296.21

	5
	296.21
	295.47
	295.20
	295.01
	294.78
	294.71
	294.71
	294.28
	294.27
	294.67
	294.81
	296.20

	6
	296.19
	295.44
	295.20
	295.02
	294.78
	294.71
	294.71
	294.27
	294.27
	294.67
	294.82
	296.20

	7
	296.18
	295.44
	295.19
	295.02
	294.78
	294.71
	294.71
	294.28
	294.26
	294.68
	294.82
	296.20

	8
	296.18
	295.52
	295.19
	295.01
	294.77
	294.71
	294.70
	294.28
	294.26
	294.67
	294.81
	296.21

	9
	296.16
	295.51
	295.07
	294.88
	294.77
	294.70
	294.70
	294.27
	294.26
	294.67
	295.19
	296.21

	10
	296.15
	295.49
	295.18
	294.87
	294.77
	294.70
	294.70
	294.27
	294.27
	294.68
	295.19
	296.21

	11
	296.15
	295.47
	295.18
	294.86
	294.77
	294.70
	294.70
	294.20
	294.26
	294.69
	295.20
	296.21

	12
	296.15
	295.44
	295.18
	294.85
	294.76
	294.71
	294.70
	294.20
	294.52
	294.70
	295.20
	296.20

	13
	296.13
	295.42
	295.17
	294.85
	294.76
	294.71
	294.70
	294.27
	294.52
	294.71
	295.22
	296.20

	14
	296.13
	295.40
	295.17
	295.48
	294.76
	294.71
	294.70
	294.27
	294.52
	294.70
	295.22
	296.20

	15
	296.14
	295.39
	295.16
	295.47
	294.75
	294.71
	294.70
	294.27
	294.52
	294.71
	295.21
	296.21

	16
	296.12
	295.37
	295.16
	295.46
	294.75
	294.71
	294.31
	294.27
	294.52
	294.73
	295.22
	296.20

	17
	296.13
	295.35
	295.16
	295.46
	294.75
	294.71
	294.31
	294.27
	294.53
	294.72
	295.24
	296.21

	18
	296.11
	295.34
	295.15
	295.46
	294.75
	294.72
	294.31
	294.27
	294.53
	294.72
	295.25
	296.21

	19
	296.12
	295.32
	295.15
	295.44
	294.74
	294.72
	294.30
	294.26
	294.54
	294.73
	295.24
	296.21

	20
	296.11
	295.30
	295.14
	295.45
	294.74
	294.72
	294.30
	294.27
	294.54
	294.74
	295.24
	296.21

	21
	295.57
	295.28
	295.14
	295.45
	294.73
	294.72
	294.30
	294.27
	294.55
	294.76
	295.24
	296.22

	22
	295.56
	295.28
	295.11
	295.44
	294.73
	294.72
	294.30
	294.26
	294.55
	294.76
	295.26
	296.23

	23
	295.55
	295.26
	295.12
	295.44
	294.88
	294.72
	294.30
	294.26
	294.55
	294.76
	295.26
	296.24

	24
	295.54
	295.26
	295.11
	295.44
	294.88
	294.72
	294.30
	294.26
	294.56
	294.76
	295.60
	296.24

	25
	295.53
	295.25
	295.11
	295.56
	294.87
	294.72
	294.30
	294.26
	294.57
	294.78
	295.61
	296.23

	26
	295.53
	295.23
	295.10
	295.49
	294.70
	294.72
	294.29
	294.26
	294.57
	294.79
	295.61
	296.23

	27
	295.53
	295.23
	295.09
	295.49
	294.71
	294.72
	294.22
	294.26
	294.58
	294.78
	295.62
	296.25

	28
	295.53
	295.23
	295.08
	295.49
	294.71
	294.72
	294.22
	294.26
	294.58
	294.78
	295.62
	296.25

	29
	295.53
	295.47
	295.08
	295.49
	294.71
	294.72
	294.22
	294.26
	294.58
	294.78
	295.63
	296.24

	30
	295.53
	 
	295.06
	295.49
	294.72
	294.71
	294.22
	294.26
	294.58
	294.79
	295.63
	296.23

	31
	295.52
	 
	295.05
	 
	294.71
	 
	294.21
	294.26
	 
	294.81
	 
	296.24



[bookmark: _Toc468311230]Table B8. GWT record at Augusta, GA
	Day of Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1
	126.56
	126.54
	126.21
	126.07
	126.12
	126.49
	126.25
	126.53
	126.98
	126.59
	126.80
	126.88

	2
	126.56
	126.53
	126.18
	126.06
	126.13
	126.39
	126.27
	126.52
	126.69
	126.57
	126.80
	126.88

	3
	126.53
	126.52
	126.17
	126.06
	126.15
	126.42
	126.29
	126.54
	126.69
	126.56
	126.80
	126.87

	4
	126.52
	126.51
	126.18
	126.05
	126.15
	126.43
	126.17
	126.54
	126.69
	126.56
	126.80
	126.87

	5
	126.52
	126.50
	126.19
	126.05
	126.15
	126.19
	126.18
	126.55
	126.69
	126.69
	126.79
	126.86

	6
	126.52
	126.49
	126.19
	126.05
	126.16
	126.18
	126.18
	126.58
	126.70
	126.71
	126.79
	126.85

	7
	126.50
	126.48
	126.19
	126.03
	126.16
	126.22
	126.16
	126.59
	126.61
	126.73
	126.80
	126.66

	8
	126.49
	126.48
	126.18
	126.02
	126.17
	126.24
	126.16
	126.60
	126.63
	126.71
	126.81
	126.66

	9
	126.49
	126.47
	126.17
	126.01
	126.19
	126.22
	126.19
	126.62
	126.63
	126.71
	127.01
	126.84

	10
	126.50
	126.46
	126.16
	126.00
	126.19
	126.21
	126.35
	126.45
	126.64
	126.70
	127.00
	126.83

	11
	126.50
	126.44
	126.17
	126.21
	126.20
	126.03
	126.37
	126.45
	126.65
	126.70
	126.99
	126.82

	12
	126.50
	126.43
	126.18
	126.23
	126.22
	126.24
	126.38
	126.46
	126.80
	126.67
	127.00
	126.64

	13
	126.49
	126.43
	126.18
	126.23
	126.25
	126.27
	126.37
	126.44
	126.82
	126.66
	127.00
	126.62

	14
	126.47
	126.42
	126.18
	126.23
	126.27
	126.30
	126.36
	126.43
	127.10
	126.66
	127.01
	126.62

	15
	126.47
	126.42
	126.15
	126.22
	126.29
	126.30
	126.38
	126.64
	127.10
	126.62
	127.00
	126.62

	16
	126.48
	126.41
	126.15
	126.24
	126.29
	126.30
	126.38
	126.65
	127.12
	126.45
	126.99
	126.60

	17
	126.36
	126.40
	126.14
	126.26
	126.29
	126.14
	126.37
	126.65
	127.10
	126.63
	126.99
	126.60

	18
	126.34
	126.39
	126.13
	126.28
	126.29
	126.32
	126.38
	126.66
	127.09
	126.63
	126.99
	126.60

	19
	126.32
	126.22
	126.12
	126.29
	126.31
	126.33
	126.40
	126.67
	127.09
	126.65
	126.99
	126.59

	20
	126.31
	126.20
	126.10
	126.25
	126.17
	126.34
	126.38
	126.66
	127.10
	126.67
	126.79
	126.60

	21
	126.32
	126.49
	126.10
	125.88
	126.36
	126.35
	126.38
	126.67
	127.10
	126.77
	126.97
	126.59

	22
	126.32
	126.47
	126.10
	126.04
	126.38
	126.36
	126.41
	126.67
	127.12
	126.78
	126.96
	126.58

	23
	126.30
	126.46
	126.11
	126.07
	126.37
	126.36
	126.42
	126.67
	127.14
	126.80
	126.94
	126.57

	24
	126.60
	126.46
	126.12
	126.07
	126.39
	126.37
	126.41
	126.67
	127.14
	126.81
	126.93
	126.56

	25
	126.60
	126.46
	126.32
	126.06
	126.39
	126.36
	126.39
	126.67
	127.13
	126.78
	126.93
	126.55

	26
	126.59
	126.45
	126.11
	126.07
	126.40
	126.36
	126.38
	126.66
	127.14
	126.78
	126.92
	126.56

	27
	126.59
	126.43
	126.10
	126.08
	126.43
	126.36
	126.36
	126.66
	127.15
	126.79
	126.91
	126.56

	28
	126.58
	126.22
	126.29
	126.09
	126.43
	126.27
	126.38
	126.67
	127.13
	126.77
	126.90
	126.55

	29
	126.56
	125.69
	126.28
	126.12
	126.43
	126.27
	126.51
	126.69
	127.13
	126.78
	126.90
	126.53

	30
	126.54
	 
	126.29
	126.12
	126.46
	126.24
	126.51
	126.71
	127.03
	126.78
	126.89
	126.54

	31
	126.53
	 
	126.28
	 
	126.49
	 
	126.52
	127.00
	 
	126.77
	 
	126.54



[bookmark: _Toc468311231]Table B9. GWT record at Roswell, NM
	Day of Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1
	 
	 
	22.0
	 
	 
	 
	 
	24.7
	 
	27.4
	 
	 

	2
	 
	 
	 
	 
	 
	 
	26.2
	 
	26.0
	20.8
	 
	 

	3
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	4
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	5
	 
	 
	 
	 
	25.2
	 
	 
	 
	26.0
	 
	 
	 

	6
	 
	 
	 
	 
	 
	 
	 
	 
	 
	24.5
	 
	 

	7
	 
	 
	 
	 
	 
	 
	 
	 
	 
	22.5
	 
	24.5

	8
	 
	 
	 
	 
	 
	 
	 
	 
	22.9
	22.7
	22.1
	 

	9
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	22.0
	 

	10
	 
	 
	 
	 
	 
	 
	 
	 
	23.0
	 
	 
	 

	11
	 
	 
	 
	 
	24.7
	 
	26.2
	 
	 
	 
	 
	 

	12
	 
	 
	22.3
	 
	 
	 
	 
	 
	 
	 
	 
	22.8

	13
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	14
	 
	 
	 
	22.3
	25.0
	25.8
	 
	 
	24.0
	 
	 
	 

	15
	 
	 
	 
	24.6
	 
	 
	 
	 
	 
	 
	 
	 

	16
	 
	 
	 
	 
	 
	 
	 
	26.6
	 
	 
	 
	 

	17
	 
	23.5
	 
	 
	 
	 
	 
	 
	 
	22.6
	 
	25.4

	18
	 
	24.0
	 
	 
	 
	 
	 
	 
	 
	 
	21.5
	21.7

	19
	 
	 
	 
	 
	23.2
	 
	 
	23.1
	 
	 
	23.4
	 

	20
	21.6
	24.1
	 
	24.1
	 
	 
	25.6
	19.7
	 
	 
	22.1
	 

	21
	 
	 
	23.6
	 
	22.4
	20.3
	23.5
	 
	 
	 
	 
	24.6

	22
	 
	 
	 
	 
	20.9
	 
	 
	 
	 
	26.0
	 
	21.8

	23
	 
	23.5
	 
	21.1
	26.5
	 
	 
	 
	22.3
	 
	23.3
	 

	24
	 
	 
	24.7
	 
	 
	22.7
	 
	 
	 
	 
	 
	 

	25
	23.4
	 
	27.8
	 
	24.4
	25.0
	23.9
	 
	 
	 
	 
	 

	26
	 
	 
	26.9
	24.3
	 
	 
	 
	24.3
	 
	 
	 
	 

	27
	 
	 
	25.5
	25.7
	 
	 
	 
	 
	 
	 
	24.3
	23.4

	28
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	29
	24.0
	 
	 
	 
	 
	25.3
	 
	 
	 
	 
	 
	 

	30
	 
	 
	 
	 
	25.4
	 
	 
	 
	 
	 
	 
	 

	31
	 
	 
	24.3
	 
	 
	 
	 
	 
	 
	 
	 
	 



[bookmark: _Toc468311232]Table B10. GWT record at Bishop, CA
	Day of Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1
	7.55
	11.64
	13.43
	11.79
	6.43
	6.93
	7.16
	7.40
	7.64
	7.42
	8.17
	8.81

	2
	7.53
	11.73
	13.46
	11.8
	6.41
	6.91
	7.17
	7.40
	7.65
	7.4
	7.93
	8.47

	3
	7.51
	11.77
	13.51
	11.79
	6.39
	6.9
	7.19
	7.40
	7.66
	7.37
	7.77
	8.26

	4
	7.49
	11.82
	13.55
	11.78
	6.39
	6.87
	7.2
	7.40
	7.67
	7.35
	7.68
	8.99

	5
	7.46
	12.63
	12.98
	11.79
	6.41
	6.87
	7.21
	7.40
	7.67
	7.34
	7.61
	8.37

	6
	7.43
	12.78
	12.94
	11.77
	6.45
	6.87
	7.23
	7.40
	7.66
	7.34
	7.54
	9.85

	7
	7.4
	12.87
	12.92
	11.74
	6.49
	6.9
	7.24
	7.40
	7.67
	7.34
	9.12
	10.23

	8
	7.39
	12.77
	12.88
	11.63
	6.52
	6.91
	7.26
	7.40
	7.69
	7.33
	9.6
	10.51

	9
	7.38
	12.85
	12.91
	11.4
	6.55
	6.92
	7.28
	7.40
	7.69
	7.32
	9.92
	10.77

	10
	7.38
	12.92
	12.91
	11.56
	6.59
	6.93
	7.29
	7.40
	7.7
	7.32
	9.46
	10.93

	11
	7.37
	12.76
	12.91
	11.56
	6.65
	6.93
	7.31
	7.40
	7.71
	7.31
	9.02
	9.29

	12
	7.36
	12.92
	12.89
	11.56
	6.68
	6.94
	7.3
	7.40
	7.72
	7.33
	8.87
	8.89

	13
	7.34
	13.02
	12.9
	11.51
	6.72
	6.95
	7.31
	7.40
	7.73
	7.32
	8.78
	8.63

	14
	7.33
	13.08
	12.83
	11.05
	6.74
	6.93
	7.32
	7.40
	7.72
	7.32
	8.71
	8.44

	15
	8.92
	13.11
	12.81
	10.72
	6.78
	6.91
	7.33
	7.40
	7.71
	7.32
	9.79
	8.28

	16
	9.47
	13.14
	12.8
	10.43
	6.81
	6.89
	7.34
	7.40
	7.71
	7.31
	10.19
	8.18

	17
	9.83
	13.18
	12.79
	10.17
	6.82
	6.86
	7.35
	7.40
	7.71
	7.34
	10.39
	8.09

	18
	10.09
	13.23
	12.73
	9.99
	6.83
	6.83
	7.35
	7.40
	7.71
	7.34
	10.61
	8.02

	19
	10.32
	13.24
	12.35
	9.97
	6.84
	6.82
	7.37
	7.40
	7.72
	7.32
	10.82
	7.95

	20
	10.52
	13.18
	12.21
	10.83
	6.85
	6.83
	7.37
	7.40
	7.71
	7.32
	10.96
	7.9

	21
	10.72
	13.21
	12.12
	10.95
	6.87
	6.86
	7.37
	7.40
	7.7
	7.27
	9.96
	7.86

	22
	10.9
	13.23
	12.05
	11.03
	6.89
	6.9
	7.38
	7.40
	7.68
	7.21
	9.23
	7.81

	23
	10.96
	13.24
	11.99
	11.07
	6.89
	6.94
	7.39
	7.40
	7.67
	7.16
	8.88
	7.76

	24
	10.25
	13.25
	11.93
	11.09
	6.89
	6.98
	7.40
	7.40
	7.67
	7.57
	8.59
	7.73

	25
	11.09
	13.27
	11.88
	11.11
	6.9
	7.01
	7.40
	7.40
	7.64
	8.51
	8.41
	7.69

	26
	11.21
	13.29
	11.91
	11.13
	6.89
	7.03
	7.40
	7.64
	7.59
	9.16
	8.28
	7.65

	27
	11.31
	13.3
	11.85
	11.14
	6.92
	7.05
	7.40
	7.63
	7.55
	9.53
	8.55
	7.62

	28
	11.42
	13.23
	11.84
	11.15
	6.93
	7.08
	7.40
	7.63
	7.51
	9.26
	9.83
	7.61

	29
	11.52
	 
	11.84
	11.16
	6.94
	7.11
	7.40
	7.62
	7.48
	8.37
	9.35
	7.6

	30
	11.61
	 
	11.82
	10.86
	6.94
	7.13
	7.40
	7.61
	7.44
	8.07
	9.61
	7.57

	31
	11.68
	 
	11.8
	 
	6.92
	 
	7.40
	7.62
	 
	7.91
	 
	7.55
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Summary of average annual humidity
[bookmark: _Toc468311233]Table C1. Humidity records of selected sites
	Airport
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	FAIRBANKS, AK
	70
	67
	61
	53
	45
	52
	60
	67
	67
	74
	75
	72

	SCOTTSBLUFF, NE
	67
	62
	60
	59
	61
	61
	59
	61
	59
	59
	65
	67

	WASHINGTON DULLES AP, D.C.
	68
	66
	65
	63
	69
	70
	71
	72
	73
	71
	69
	69

	ELKINS, WV
	73
	71
	69
	67
	71
	75
	78
	79
	78
	72
	72
	74

	CONCORD, NH
	68
	66
	65
	61
	62
	67
	68
	71
	73
	70
	71
	71

	PENDLETON, OR
	78
	72
	62
	57
	54
	50
	40
	40
	47
	60
	75
	80

	RAPID CITY, SD
	67
	67
	65
	60
	62
	64
	58
	55
	54
	57
	65
	67

	AUGUSTA,GA
	69
	67
	66
	66
	68
	70
	72
	75
	74
	71
	70
	69

	ROSWELL, NM
	56
	50
	42
	38
	42
	46
	50
	55
	56
	52
	54
	55

	BISHOP, CA
	50
	53
	41
	36
	33
	28
	31
	31
	34
	34
	44
	45
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List of Acronyms

AC	Asphalt Concrete
DO	Delivery Order
CTC	Coefficient of Thermal Contraction 
FAA	Federal Aviation Administration
PCC	Portland Cement Concrete
TESS	Temperature Effect Simulation System
NAPTF	National Airport Pavement Test Facility
HMA	Hot Mix Asphalt 
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