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There are three locations on Guam for which a long-term record of standard climatic variables such as the daily rainfall and the daily MAX and MIN temperature are available: (1) NOAA’s Weather Service Meteorological Observatory (WSMO); (2) Andersen Air Force Base (AAFB); and the Naval Air Station (NAS) (my Figure 1).

[image: image1.png]MAX T (°F)

®
%

AAFB, Guam

1998 = Hottest Year

@
&

12-month moving average MAX T

79
7

75

12-month movingaverage MIN T

1960

1965 1970 1975 1980 1985 1990

1995

2000 2005 2010

2015

73
2020

MIN T (°F)




[image: image12.png]; -+ AAFB MAX T
-1.5 <+ AAFBMINT —

2.0 © MAXT Projection|

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100




The period of record for available climate information is from January 1950 to present for NAS; from October 1956 to March 1995 for WSMO; and January 1953 to present at AAFB.  The climatic records from AAFB appear to be the least affected by meta-data artifacts such as station relocation, instrumentation malfunctions, and urban expansion.

Located deep in the maritime tropics, the variation of temperature on Guam is relatively small. The mean monthly MAX T at Guam’s Andersen Air Force Base (AAFB) ranges from about 82° F in February to 85° F in June (my Figure 1 below).   The mean monthly MIN T ranges from 75° F in February to 77.5° F in June. Dewpoints are high year-round (with some seasonal variation), and precipitable water values from soundings commonly exceed 2.50 inches!
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Lander Figure 1.  The annual cycle of temperature at Guam’s Andersen Air Force Base.
Temperature records from Guam stations do indeed show a long-term warming trend (my Figure 2 next page).  I have chosen the temperature data from AAFB because that appears to be the “cleanest” time series.  The state of “cleanliness” is a somewhat subjective judgment (as any child versus parent or husband versus wife will reveal), but the temperature record at Guam’s international airport (ICAO code PGUM) has known meta-data problems that taint its climate record (more on that later).  Since the PIRCA draft report uses the climate record at AAFB to illustrate the trends for Guam, I will also use it in my discussion.
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Lander Figure 2.  A time series of the monthly MAX T and MIN T at AAFB.  The top panel is my own rendition of the AAFB temperature time series as the 12-month moving average of the raw monthly values of the MAX T and MIN T.  The bottom panel is taken from the draft PIRCA report (page 6).  The trends in the Lander plot are best-fit 3rd-order polynomials.

Needless to say, the PIRCA chart greatly exaggerates the temperature trend as compared to the Lander plot.  And, it only tells half the story.  Below is my reconstruction below of a PIRCA-type temperature chart for AAFB, but with the anomalies plotted for the MIN temperature.
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Obviously the temperature record at AAFB is more complex than just a simple linear upward trend.  Some of the other properties of my plot of the temperature at AAFB are found at other stations.  Notable, the peak MAX T during 1998 is commonly seen elsewhere (see the summary of some stations near Guam below).
[image: image19.png]810z
910z
vioz
zi0z
ooz
8002
9002
o0z
z00z
000z
8661
9661
vest
z651
0651
8851
9851
vest
zes1
[
8161
a6l
[
21
o1
8961
9961
961
z961
0961
8g61
' 9g6}1

| «7 o6l

AAFBMIN T

—+ AAFBMAX T

Temperature trends on Guam: PGUA 1953-2018

2961

35
25

2 8 %
Y

w
(0.) Ajewoun :

0
o




[image: image2.png]©
S

@
3

@
3

MAX T (°F)

WFO, Guam (PGUM)

12-month moving average MAX T

78
76
74

12-month movingaverage MIN T

72

70

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

MIN T (°F)




[image: image3.png]MAX T (°F)

1998 = Hottest Year

WSO, Yap
89
12-month moving average MAX T
87
85 7
83 75
73
12-month movingaverage MIN T
T T T T T T T 4 T T T 71
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

MIN T (°F)




[image: image4.png]1998 = Hottest Year

91 WSO Koror, Palau

89 12-month moving average MAX T |
78
76
74
12-month movingaverage MIN T
72

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

MIN T (°F)




Deeper Discussion
The observed temperature trend at AAFB over the course of its historical record is + 0.21ºC per decade for the MAX temperature, and +0.04ºC per decade for the MIN temperature.  The average rise of the (MAX T + MIN T)/2 is thus +.12°C per decade and this compares reasonably well with the observed northern hemisphere temperature increase during the 20th Century of +1.6° F (0.89ºC).
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If we use the temperature record at the Guam International Airport (ICAO code PGUM), the temperature trend over the course of the historical record is substantially larger: the trend of the MAX temperature is +0.29ºC per decade, and the increase of the trend of the MIN temperature is +0.61ºC per decade.  In addition to being much larger than the trends at AAFB it also far outpaces the temperature trend of the Northern Hemisphere.  There are reasons for the extreme warming at PGUM that are not related to an actual warming.  The first problem is that the time series of climatic data for PGUM, as it is available from NCDC, is a concatenation of two separate stations: the period from 1953 to 1994 contains data from NOAA’s Weather Service Meteorological Observatory (WSMO); and the period 1995 to present contains data from NOAA’s Weather Forecast Office (WFO) that was established at the Guam International Airport (PGUM) in 1995.  The new WFO Guam and the old WSMO site are located about 10 km apart.  At the old WSMO site the temperatures are cooler than at the WFO site (especially at night), and it is wetter there.  The abrupt rise in 1995 of the MIN T at PGUM in Figure 2 is entirely an artifact of the station relocation.

Higher temperatures and higher volatility of temperature at PGUM from 2013 to present can be partly attributed to problems with ASOS.
There are almost no coherent features at any time scale—decadal, annual and interannual—between AAFB and PGUM.  Even at AAFB the story is completely different between the behavior of its own MAX T and MIN T, with the MIN T arguably in decline since the mid-1980s.  Interannual peaks in 1970, 1984 and 1988 of both the MAX T and MIN T at AAFB are not present at PGUM.  A prominent cool spell in 1983 at PGUM is not present at AAFB.  A warm period in 1998 of the MAX T is present at both locations.  The warmth of 1998 is actually a key feature that appears in these two Guam stations, and also throughout Micronesia, and beyond.  
On the next page I have placed some more temperature time series from other US-API jurisdictions.  The temperature records for the US-API are difficult to interpret, and do not tell a consistent story.  Islands cool and warm during different time periods.  There are step-function jumps related to station relocations.  At about half the locations, 1998 is the warmest MAX T.
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Automated Surface Observing System (ASOS)

The Automated Surface Observing System (ASOS) units are operated and controlled cooperatively in the United States by the NWS, FAA, and DOD. After many years of research and development, the deployment of ASOS units began in 1991 and was completed in 2004.

These systems generally report at hourly intervals, but also report special observations if weather conditions change rapidly and cross aviation operation thresholds. They generally report all the parameters of the AWOS-III, while also having the additional capabilities of reporting temperature and dew point in degrees Fahrenheit, present weather, icing, lightning, sea level pressure and precipitation accumulation.

Besides serving aviation needs, ASOS serves as a primary climatological observing network in the United States, making up the first-order network of climate stations. Because of this, not every ASOS is located at an airport; for example, one of these units is located at Belvedere Castle in Central Park, New York City; another is located at the Blue Hill Observatory near Boston, Massachusetts.
The measurement of temperature is simple compared to the dew point. Operating under the principle that electrical resistance varies with temperature, a platinum wire resistive temperature device measures the ambient air temperature. The current ASOS thermometer is designated the HO-1088, though some older systems still utilize the HO-83.
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Lander Figure 1.  Guam stations for which some historical weather information (e.g., daily rainfall and daily MAX and MIN temperature) is available.  The sites with the longest and most complete daily climate records are shown by the large circles, smaller circles have shorter periods of record, are more incomplete, or have only monthly readings.








