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A study of Maryland (MD) climate and temperature trends was performed using 88 years of monthly temperature data from the United States Historical Climatology Network. The monthly data was divided up into regions and averaged regionally and annually. The MD state data was then averaged from the annual regional datasets and seasonal data was computed from three-month averages. The annual MD data showed a 0.06°C/10yr rise and the seasonal MD data showed a 0.03°C/10yr rise. Maryland summer and winter temperatures both showed a warming trend of 0.08°C/10 yr and 0.05°C/10yr, respectively. Variability of annual Maryland data was negligible. The leading uncertainty is Urban Heat Island effects or the tendency for urban areas to stay warmer than suburbs could potentially skew the data towards a warming trend. Similarly, another uncertainty, land use changes such as a rural area becoming more urbanized and the decrease of vegetation in an area will lead to a change in temperature with a warming bias. These two uncertainties alone could account for the trends analyzed in this study.

1. 
Introduction

1.1. 
Brief History of Weather Observations in Maryland

The State of Maryland possesses a unique climatology because of its rich history of observations. Maryland received statehood into the Union on 28 April 1788. Although no data is available from the first few years of its statehood, several steps were taken soon afterward to preserve weather records of the state. Early accounts were mostly personal diary entries from persons like Captain John Smith (1607). The first known instrumental observations in the present state borders of Maryland and Delaware were made by Dr. Richard Brooke (1753-1757). Several weather services were established and operational before the Maryland Weather Service, one being The Smithsonian Institution (1847-1874).

The General Assembly of Maryland and the governor of Maryland funded a Maryland Weather Service on 7 April 1892. The mission statement of the Maryland Weather Service was to thoroughly study the climate conditions of the state and their relation to its population. The Maryland Weather Service made several publications, including: Weekly Climate and Crop Reports, Monthly Meteorological Reports and Biennial Reports. The establishment of the Maryland Weather Service allowed for long-term records of weather data to be collected for the state. Although this data has been analyzed and corrected for imperfections, the quality and temporal reaches of this data are one of the best of any state in the Union.

1.2 
Brief Summary on the Climate Regions of Maryland

The state of Maryland has been sometimes called a “Little America” because of its diverse geographical features and climate. Maryland is located on the Eastern Coast of the United States in what is known as the Mid-Atlantic region. Beaches, sea breezes and farmland characterize the Eastern Shore of Maryland whereas the Western Shore is more urbanized. Several large cities are located on Maryland’s Western Shore, but rural settings resume up into the Appalachian Mountains where more snow falls annually than anywhere else in the state. Maryland can be divided into several climatic regions based on temperature, humidity and elevation. In this project, Maryland will be divided into 6 climatic regions: Northern Eastern Shore, Central Eastern Shore, Southern Eastern Shore, Northern Central Maryland, Southern Central Maryland, and the Mountains. The stations in the dataset will be organized according to these 6 climatic regions.

2. 
Data

The data used in this project is from the United States Historical Climatology Network (USHCN) Version 1 (Williams et al. 2007). This data has been meticulously calibrated and collected for research requiring historically homogeneous, reliable datasets for long-time periods. The data for this project is mean monthly FILNET temperature data. FILNET is a term that identifies the adjustments made in the data (Williams et al. 2007) including:

· Quality control - eliminating suspected poor data and two standard deviations from the mean outliers, 

· i.e. a temperature recorded as 30°C in winter would be discarded
· Time of observation bias – adjusts the data for problems related to changes in the time the observations were taken 

· i.e. if the record was not taken at midnight the routine corrects to midnight
· MMTS – an acronym meaning Maximum/Minimum Temperature System, this adjustment accounts for changes in the instrument bias 

· i.e. corrects for any bias from when liquid-in-glass thermometers were replaced by MMTS
· Homogeneity – over time stations can change location, this adjustment corrects for any bias related to these changes
· i.e. a station moves 2 blocks north, the data would be corrected for this location move
· Missing data estimates – this uses nearby stations to estimate gaps in data
· i.e. a missing temperature would be interpolated from nearby stations
However, even with these adjustments the documentation for the data includes a disclosure which states that discontinuity has not been included in the adjustments. This means that any bias from replacing instruments with different calibrated instruments, etc. is not corrected for. Also, this dataset has not been corrected for Urban Heat Island effects. Urban Heat Island is the tendency for urban areas to stay warmer than suburbs due to more buildings, asphalt, etc. which could potentially skew the data towards a warming trend.
Data was used for 16 locations in the state of Maryland and the nearby bordering states of Delaware and Pennsylvania. The following is how the stations were organized according to climatic region:

Mountains


Cumberland


Oakland
Northern Central Maryland

Eisenhower National Historical Site (Pennsylvania)

Westminster Police Barracks


Laurel 3W


College Park

Southern Central Maryland


Owings Ferry Landing


Patuxent River
Northern Eastern Shore

Newark University Farm (Delaware)

Chestertown

Central Eastern Shore


Denton 2E


Greenwood 2NE (Delaware)


Royal Oak 2SSW

Southern Eastern Shore


Cambridge Water Plant


Salisbury


Princess Anne

Station coverage comes from Maryland and two surrounding states, Delaware and Pennsylvania. All of the stations have an overlapping time period from 1917 to 2005, in order to perform comparative analysis all previous years to 1917 were truncated.

3. 
Analysis

This project was developed with the intent of analyzing Maryland climate data for past or current trends. All analysis was made using Microsoft Excel ® software.

The stations from the USHCN were divided into 6 climatic regions. The reasoning behind the climatic regions is to better represent the climate of the state of Maryland as a whole. The averaging of several stations, then the averaging of the regions will provide a better overall estimate for the climate of Maryland than one individual station. Also, problems of individual stations are small after the averaging process. 

For each station the annual mean temperature was calculated, as well as the seasonal averages. Seasonal averages were computed for summer as 3 months: June, July, and August and for winter as 3 months: December, January, and February. Then, each climatic region’s dataset was computed. For example, the Northern Eastern Shore was calculated by averaging the Newark and Chestertown stations using equal weights. The other climatic regions followed suit. Finally, the Maryland annual and seasonal averages were calculated by averaging all the climatic regions using equal weights.

3.1 
Annual Mean data


By using the different regional climatic data, a better quality estimate of Maryland climate is achieved. The Maryland annual mean data was plotted and fitted with a linear trend line. The regional climatic data was compared to each other by computing the correlation. Also, an analysis for increasing variability in the annual mean data was performed by subtracting the actual data from the linear trend line.

3.2 
Seasonal Mean data


Seasonal data for Maryland was computed using 3 month averages. The winter averages were subtracted from the summer averages to test for climatic changes. The Maryland data was plotted and fitted with a linear trend. The regional climatic data was compared to each other by computing the correlation. A separate plot for both summer and winter data was made to determine the trend of each season.
3.3 
Linear Regression Strength Test

The F-test looks for significant differences in the two variances of the dataset. The null hypothesis is that the two standard deviations are equal and from the same origin. The F is the mean squared residuals divided by the mean squared errors. Therefore, F will increase with the strength of the regression. The F significance is the probability of getting the data randomly, meaning if the significance of F is 1% than the data is strongly correlated and that the regression is strong. The Linear Regression Strength Test (O’Day 2008) was performed on the Maryland annual mean data, Maryland seasonal data, and annual variability data. 

4. 
Results

4.1 
Maryland

The mean annual temperature data showed a slight trend for Maryland. Referring to Figure (1), the linear trend line has a slope of 0.06°C/10yr. Based on the F-test, this trend has a significance of 1.2%, indicating a strong regression. 

The seasonal difference in Figure 2 between summer and winter for Maryland showed a trend of 0.03°C/10yr with 63.9% significance, implying a weak regression. 

The high significance implored for further study, and the individual summer and winter tests were the result shown in Figure 3. The summer test showed a high trend of 0.08°C/10yr with 0.3% significance, indicating a strong regression. The winter test similarly showed an upwards trend of 0.05°C/10yr with 44.4% significance, implying a weak regression. 

The variability in Figure 4 was also tested between the trend line and the actual data to reveal no trend with 94.1% significance, indicating a very weak regression.

4.2 
Regional 

Perhaps the differences between the 16 stations would inhibit any results from being meaningful, given the different geological and geographical states of each station. An annual correlation was made between the regional data and itself. All the regions had a correlation of 84% or higher; the lowest correlated region was the mountain region and the highest correlated region was the southern eastern shore region. Also a seasonal correlation was made between the regional data. All the regions had a correlation of 90% or higher; the lowest correlated region was the south central region and the highest correlated region was the central eastern shore.

4.3 
Extreme Events

Variability in several of the plots is associated with climatic events in Maryland’s history. In Figure (1), 11 of these events are featured and connected to a climatic peak or trough. For example, in 1949 there is a peak Annual mean temperature of 13.5°C which corresponds to a record summer in the Northeast United States. Several well known events such as the Dust Bowl Drought Years are captured on this figure. The implications of these results and their significance will be a major step forward in understanding Maryland Climate.

5. 
Discussion

5.1 
Implications of Results

From this study, several things can be learned about Maryland climate. First, annually Maryland has a statistically significant warming trend. This could be at least partially due to the small sample size of the dataset of only 88 years. Second, the difference between summer and winter temperature appears to be increasing at a slightly significant rate. Although 0.03°C/10yr is not something to ignore, it is not a large warming either. Third, the reason the seasonal difference has a warming trend is because the two solstices are also warming. The summer is warming a little more rapidly 0.08°C/10yr than the winter 0.05°C/10yr. However, the summer trend is statistically significant, whereas the winter trend is not. This leads to the conclusion that the significant summer trend is the real reason the seasonal difference is decreasing. Is the variability increasing in Maryland climate? Not so, the results show a trend of 0.00°C/10yr but this is not statistically significant. This result implies that the variability is either staying the same or it evens out over time. Figure 4 above does seem to have two modes: the first being from 1917-1960 and the second from 1960-2005, these modes cancel in the long-term. However, these apparent modes could be a perfect example of the inhomogeneities discussed earlier from changing calibrated instruments.
Regionally the dataset was quite robust. The correlations both annually and seasonally showed all the stations in good agreement with each other. Considering that these were averages of averages in a fairly diverse state, these results are remarkable.

The extreme events were easily found on the Maryland Annual mean temperature in Figure 1. As spikes of warm or cold, these events were clearly important years in Maryland’s climate. The 11 events highlighted shed some light on the different types of events that can cause such patterns. Two seemingly surprises on this plot were the two El Niño years of 1973 and 1999. El Niño generally doesn’t show up so clearly in state sized studies. The magnitude of the temperature response is minimal compared to a drought year such as 1998 or 2002. One thing the Maryland Annual mean temperature plot Figure 1 depicts clearly was the record years. The year 1917 was a record cold year for the entire state and also 1990 a record warm spring for the Mid-Atlantic.
5.2 
Uncertainties


From the beginning by using this dataset several key problems must be mentioned. The USHCN Monthly Temperature data has been statistically corrected for many things explained previously in the data section, including quality control, time of observation bias, adjustments in instrument bias, homogeneity, and missing data estimates. Of course none of these statistical corrections are perfect, but they do at least take into account the possible biases from these problems. Unfortunately, other issues arise in their place.

The first of such problems would be Urban Heat Island Effects. Urban Heat Island is the effect of urbanization of an area specifically in metropolis settings where the temperature is relatively higher than surrounding less developed areas. This effect could bias the Northern Eastern Shore and Northern Central regions used in this study, due to several of the stations being large cities, i.e. Newark, Laurel and College Park. A tentative statistical procedure has been developed by Karl et al (1988) to adjust for urban warming bias using a regression approach. However, this was not implemented in this study.

Another issue with temperature data is land use changes. Land use changes such as a rural area becoming more urbanized and the decrease of vegetation in an area will lead to a change in temperature with a warming bias. This dataset has not been corrected for such changes, and even over a smaller time scale of 88 years of data the effects of land-use change cannot be ignored.

Instrumentation also incurs errors into a dataset. For example, over 88 years the thermometer system has changed perhaps several times. This has been corrected for in the data, but each thermometer can have its own bias. Also, the location of the instrument is crucial to quality data. A thermometer placed on the side of an asphalt road is going to read a different temperature than say if it was placed in a grove of trees. Furthermore, instruments can be calibrated differently which can lead to inhomogeneities, this could explain the two modes appearing in Figure 4. This type of error has not been corrected for in this dataset and remains a problem in any quality control of temperature data.

Sampling errors are also a concern for this study, both temporally and spatially. The correction made by the USHCN attempts to minimize the errors from sampling. The interpolation for the quality control correction and the missing data correction can both introduce errors into the temperature dataset (Robeson 1994). 

Finally, the spatial coverage of the data is a large uncertainty in this study. The purpose of this study was to illuminate any temperature trends within Maryland climate. In order to come up with a Maryland dataset, instead of choosing just one station several stations were chosen to represent regions and the regions were averaged to create the Maryland dataset. Problems arise when only 2 stations represent entire regions of hundreds of kilometers. The distance between the stations and the elevations of the stations were also not taken into account.

5.3 
Conclusions

In a study made by the Metropolitan East Coast Assessment (2000), the conclusions drawn were that the annual surface temperature in the New York City metropolitan region has increased by almost 0.11°C/10yr. This study of Maryland Historical Temperature trends agrees with the warming trend of this previous study. The annual Maryland data showed a 0.06°C/10yr rise and the seasonal MD data showed a 0.03°C/10yr rise. The leading uncertainties were Urban Heat Island effects and land use changes which could alone account for the trends analyzed in this study because both effects lead to a warming temperature trend.
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Figure 1: Maryland Annual Mean Temperature °C with linear trend line and select extreme events and highlighted warm vs. cold years.
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Figure 2: Maryland Seasonal Mean Summer-Winter Difference °C with linear trend line and slope equation.
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Figure 3: Maryland Winter and Summer Seasonal Means with trend lines and slope equation.
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Figure 4: Maryland Annual Mean Variability with trend line and slope equation.
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