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Guam Agricultural Weather Stations
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MILES (Km)

Philippine Sea

Yigo Weather Station
Elevation:440 feet (134 meters)

Pacific Ocean

Fena Valley
Reservoir

Inarajan Weather Station
Elevation:60 feet (18 meters)

Climate

Tropical marine; generally warm and humid, moderated by northeast
trade winds; dry season from January to June, rainy season from July to
December; little seasonal temperature variation

Terrain

Volcanic origin, surrounded by coral reefs; relatively flat coralline lime-
stone plateau (source of most fresh water), with steep coastal cliffs and
narrow coastal plains in north, low hills in center, mountains in south

Adapted from Wikitravel
http:/lwww.wikitravel.org/en/guam
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Guam Agricultural Climatic Data System:
2001 Climatic Data and Summaries

*Dr. Prem Singh, Roger W. Brown, Frankie Matanane

Introduction ‘

The Agricultural Engineering division of the College of Natural and Applied Sciences at the University of Guam operates and
maintains two agricultural weather stations, one located at the Yigo Agricultural Experiment Station and the other at the Inarajan
Agricultural Experimental Station. These weather stations collect hourly and daily data on rainfall, wind speed, wind direction,
temperature, percent relative humidity, global solar radiation, photosynthetically active radiation (PAR), pan evaporation, and
atmometer evaporation for potential use by researchers, extension agents, teachers, farmers, agricultural consultants, water resource
managers, and others.

The Guam Agricultural Climatic Data System (GACDS) was developed so that all divisions within the College of Natural and Applied
Sciences could obtain climatic data without having to make a special request. These data can be accessed using in-house network
shareware. Also, these data are presented in such a way that daily, monthly (to date), and yearly (to date) data for a given weather
parameter can be viewed without having to scroll the screen, and therefore can be printed onto a single page. Unlike many weather
summaries, daily data for the entire year are included. This is in response to the many requests we received before the creation of the
GACDS for data on specific days. Finally, analysis such as number of rain days for the month can be calculated in seconds because of
the way these data are formatted. Hourly data, although collected are not included in the GACDS, as this would make the summary

too lengthy.
In a few instances data had to be estimated. Where estimates could not be made, a N/A (not available) is placed in the data cell.

The GACDS (Guam Agricultural Climatic Data System)

The system comprises two agricultural weather stations and associated weather data storage, data retrieval, and data discrimination
components. Automated weather stations specifically designed to gather weather data pertinent to agriculture are the bases of the
system. Data are uploaded to a central location where quality control occurs. Then, data are organized in a spread sheet program. The
explanation of this system follows.

Datalogger and Sensor Monitoring

Each weather station has a number of sensors for data collection. Sensor wiring terminates at, and is monitored by, a field datalogger
(mini-computer) located at each weather station. Each sensor has its own program, which accommodates the electronic/mechanical
features of the particular sensor. The sensor reading is placed in a memory location identified by this program.

Data Storage _

Each weather station has a number of sensors for data collection. Sensor wiring terminates at, and is monitored by, a field datalogger
(mini-computer) located at each weather station. Each sensor has its own program, which accommodates the electronic/mechanical
features of the particular sensor. The sensor reading is placed in a memory location identified by this program.

Uploading Data from Weather Station Dataloggers to Centrally Located Computer

The datalogger is programmable to store sensor readings as desired by the user. Typically, this program summarizes data into hourly
and 24 hour averages and/or totals. These data remain in the datalogger until the storage space is full, at which time the oldest data
are written over. The weather parameters on which data is stored in our weather stations are given in Table 1.

The dataloggers can be accessed from a computer via a modem link and specialized communication program. Once a communications
link is established, the user can monitor current sensor readings and/or upload data from the datalogger. The data collected are from
the time of the last data collection, and are placed into a “.dat” ASCII file in comma delineated format.

Formatting Data and Updating GACDS

From the *.dat file, data is transferred to a spreadsheet program and sorted. Here, data is checked for accuracy. Once the data has been
checked, the data is put into a library. From the library file, data is transferred to another preprogrammed spreadsheet, which formats
the data into the GACDS format. This spreadsheet is then copied to the in-house shareware network. The GACDS format devotes one
page per sensor, which includes the daily readings for the entire year to date. Each of these sensor pages gives the name of the sensor
(function of the sensor), the units used, and whether the daily readings are averages or totals. This bulletin also includes yearly graphs
of monthly data for each sensor. The GACDS also includes a “Max and Min” sheet, which lists the daily maximum and minimum
readings of each sensor, along with time of occurrence, for the entire year to date. For the purpose of this bulletin, the daily maximum
and minimum graphs are given without the accompanying daily data table.

* Assistant Professor, Research Associate, and Research Technician, respectively. Agricultural Engineering section,
Agriculture Experiment Station, College of Natural and Applied Sciences, University of Guam, Mangilao, Guam 96923.



Degree Days
Cooling and growing degree days were calculated using daily temperature data. Cooling degree days (CDD) are important for
determining the amount of energy needed to cool buildings. The following fomula was used for calculations:

CDD = 65°F—-(T,,, [°F1+T,, [°F])/2
where: T, is maximum daily temperature

M
T,,,, is minimum daily temperature

Mi

Values for Guam are always negative. Positive values would indicate heating degree days.

Growing degree days (GDD) is an important temperature based heat energy index used for correlating crop and insect growth. We use
a base of S50°F and 60°F. The following formulas were used for calculations:

GDD, = {(T,, [°F1+T,, [°F1)/2}-50°F
GDD, = {(T,_[°F1+T, [*F]1)/2}-60°F

where: T, is maximum daily temperature

T,,,, is minimum daily temperature

New for the GACDS 2001 Guide
Comparative monthly total or average graphs for the years 1999, 2000, and 2001 for all sensors.

Table 1: Daily Weather Data Parameters (Sensors read every 5 seconds)

Hourly and 24 hour Output

Average Air Temperature

Average Relative Humidity

Photosynthetically Active Radiation (PAR) Average Flux Density o
Global Solar Radiation Average Flux Density

Average Wind Speed

Average Wind Direction

Total Rainfall

Total Antmometer Evaporation (ET Gauge)

Total Pan Evaporation



Yigo Weather Station
Daily and Monthly Total Rainfall (mm) for Year 2001

(3]

Day Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

1829 601 152  24.89 106

127 000 330 000 635 127 152 4064 025 1118 229 1499

Mo.TotaI A 6477 77671 5994 4394 6452 34798 31928 54940 15850 28982 301 59 16652

Feb. Apr.  May Jun. Jul.  Aug.

Figure 1: Monthly Total Rainfall



6 Yigo Weather Station
B Daily and Monthly Average Air Temperature (°C) for Year 2001
Day Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
T 2574 249617 2525 25417 264477 26917 26.720°25.65.:2558" 26.141 N/ATTANIA
2 2546 2452 2539 2579 2619 2687 26.05 26 46 2583 26 39 N/A N/A
3 . 12471.:2501 2513 2601 2647  26.83%:2583, 254% :
4 2534 2551 2574 26.81  26.31
L5 5390 kBRI 25 UM A AT 2665 A8 02 s B 8 a1 B 08 20TRD RIAC
6 2533 2500 2527 2606 2624 25. 93_‘ 26. 13 25. 9 26 0:} _25_§:§1 _NA
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24 24. 95 2451 2499 2651 27.06 26.99 2545
250 2506 2A 9E 2481 2 '"*2@ﬁ2653% "5‘*'7‘".51;,’17’;5”13.
26 39 2584 2605 25. 16 2525
i, 26746 26,60, 525760 2460 2547 |
07 2647 2685 2646 2670 25
25387 25:92+ 270762542 261411 26.5% 12576 - * NIKS . NIA: 28137
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Figure 2: Monthly Average Temperature



Yigo Weather Station
Daily and Monthly Average Relative Humidity (%) for Year 2001

I~N

Day Jan. Feb. Mar Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

10 7465 7541 7590 78.80 7567 B87.62 9136 87, 09 92.02 9373 8791 8513

81.98 8697 9105 90.66

28 82.11 83 51 7001 81, 61 81 91 8358 8652 8406 8747 NA NA 9260
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Figure 3: Monthly Average Relative Humidity



8 Yigo Weather Station
Photosynthetically Active Radiation (PAR) Average Flux Density (umol/s/m?) for Year 2001

Day Jan. Feb. Mar. Apr. May  Jun. Jul, Aug. Sep. Oct. Nov. Dec.
1 -+.-316.7.:318 - 370 . +360/% " 390. " - 4117« 2637714321 144364173621 NIA HFENIA .
' 365 369 NA NA
249734107 348 NIATONIA
NA  N/A

1
2 365 265 374 377 370
3., .32 365 403 :1385. 353"
4 251
5
6

202 200
SEB297 HISTE

S

385 417 234 3 NA
365404 - 300 25484 334 278 R BB RS
349 405 363
Jrdict a5 70 300mE e A 1286 et Dl og 60~ :
Mo.Avg. 310 341 377 399 391 307 327 263 268

PAR (pmollslmz)

Jan. Feb. Mar. Apr. May Jun Ju.  Aug. Sep. Oct. Nov. Dec.
Figure 4: Monthly Average PAR



Yigo Weather Station
Global Solar Radiation Average Flux Density (W/m?) for Year 2001
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Figure 5: Monthly Average Global Solar Radiation




Yigo Weather Station
Daily and Monthly Average Wind Speed (m/s) for Year 2001
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Figure 6: Monthly Average Wind Speed




Yigo Weather Station j 11
Daily and Monthly Average Wind Direction (0-360 Degrees from North) for Year 2001
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Figure 7: Monthly Average Wind Direction



12 Yigo Weather Station .
Daily and Monthly Total Atmometer Evaporation (ET Gauge) (mm) for Year 2001
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Figure 8: Monthly Total Atmometer Evaporation




Yigo Weather Station 13
Daily and Monthly Total Pan Evaporation (mm) for Year 2001 . 3
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Figure 9: Monthly Total Pan Evaporation



PAR (pmollslmz)

Figure 14: Daily Maximum Photosynthetically Active Radiation
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Yigo Weather Station
Daily Maximum and Minimum Graphs for Specified Climatic Parameters
January 2001 through December 2001
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Figure 16: Daily Maximum Wind Speed
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Degree Days Graphics with Tables for Year 2001

Yigo Weather Station
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Figure 19: Growing Degree Days
Degree Days | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep { Oct | Nov { Dec
ICooling 383 | 344 | 387 | 430 | 454 | 437 | 413 | 428 | 404 | 436 | 421 | 383
iGrowing (50) | 854 | 764 | 852 | 880 | 919 | 887 | 878 | 893 | 854 | 901 | 871 | 848
iGrowing (60) | 544 | 484 | 542 | 580 | 609 | 587 | 568 | 583 | 554 | 591 | 571 | 538




16 Yigo Weather Station
Graphs showing year to year variations in weather data for 1999 to 2001
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Figure 24: Monthly Average Global Solar Radlation
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Figure Monthly 26: Monthly Average Wind Direction
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Figure 28: Monthly Total Pan Evaporation
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Figure 23: Monthly Average Photosyntehtically

Active Radiation (PAR)
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Inarajan Weather Station 17
Daily and Monthly Total Rainfall (mm) for Year 2001 T
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Figure 29: Monthly Total Rainfall




18 Inarajan Weather Station
Daily and Monthly Average Air Temperature (°C) for Year 2001
Day Jan. Feb. Mar. Apr. May Jun. Jul.  Aug. Sep. Oct. Nov. Dec.
1 2663 2682 2617 2611 27.26 27.83 27.32 2599 2593 2687  NA - NA
2 2654 2632 2628 2648 27.00 27.78 2654 27.04 2624 2743 NA  NA
3 26.30 26.88 2607 2678 27.29 27.73 . 2629 2568 2613 2672 NA- NA
4 2616 27.24 2637 2643 2764 2710 2617 2547 2680 2626 NA  NA
5 26.05 26.80 26.36 2611 27.65 26.75 - -26.31 26.84': 26.38 2689  N/A 26,62
6 2650 26.86 26.18 2674 27.05 2664 2663 2638 2648 2654 NA  26.41
7 2623 2651 ° 2556 2679 26,27 2645 . 25.09..26.42° 27.02 :26.03, 2547 2654
8 2613 2712 2616 2648 2648 27.32 26.03 2664 2422 2596 2578 26.17
9 26.45 2696 2615  26.94 ' 27.7:-26,05 ~ 2512°.27.17 .24.08: 2658 2642 “ 2671
2660 27.48 2621 2681 2742 2657 2463 2694 2427 2539 2630 26.43
26,657 126,62  26.24' 2645 27:23%.: 26,57 " 2473}, 2543+ 247642582 2535 12655
2646 2735 2599 2589 27.06 26.94 2589 2518 2475 2647 2618 2648
5% 249 25877650 26082480 s
2658 27.05 2587 2678 27.62 2694 25. 46 2447
L .26.44 27200, 2640 26.88 2718 26.23 26,127 524,93 25;, #2663 1 27
2634 2716 2562 2692 2745 2800 2636 2485 2700 26.60
726,580 27235+ 25.67. - 25.98% 27,35 27:76%+26:64° 27,0327 25 ’f"'ze 3406348
2645 27.24 2623 2646 27.21 2710 2635 27.67 2525 26.58
| 2657 2684 2627 2115 .21.35: 2648 2647 26, 14??'??7‘? 07 2641 24.58 2652,
2655 26.83 2633 27.09 27.08 2643 2590 2647 2407 2655 2649 26.15
2664 2739 2504 .i27.00 26:66° - 26,83 27.32 1, 27.32" - 24.76% 27.27" 26.66 26.40.
2661 27.42 2517 2684 2755 2685 28.06 2568 2572 2688 2658 26.30
2649 27.07: 2542 27.00 27.19 - 2595 2602 24.13: 2602. 26.61.-27.43 2623
26.38 2631 2597 2747 27.90 2793 2585 2568 2522 26.16 27.72 26.29
2645 26.83. 2546 27,33 27.01 27.36. 2622 26.27.° 254% 2617 - 2711 2595
2639 2677 2577 2726 2720 2720 2630 2652 2541 2592 N/A 2593
26.51 2696 2552 27.33 . 27.28 27.45 2613 - 24647 2580 - :NJA. - N/A .2531
2659 2667 2633 2674 2729 27.76 2667 27.36 2564 NA NA 2548
26.51 26.27 26.60, 27.91 2602 2662 2741 2616  NA . NA 2638
25.91 2654 27.21 2744 2859 2500 2720 2666 NA NA 26.10
26.49 26.42 27.30 2452 2615 ~ NA . 2645
Mo.Avg. 26.44 26.97 26.02 2675 27.24 2698 26.02 26.11 2562 2658 2624 26.30
32
o
‘; 28 1
a
g
2
20 . - e ! : -
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Figure 30: Monthly Average Temperature
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Inarajan Weather Station 19
Daily and Monthly Average Relative Humidity (%) for Year 2001 .
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Figure 31: Monthly Average Relative Humidity



20 Inarajan Weather Station
Photosynthetically Active Radiation (PAR) Average Flux Density (umol/s/m?) for Year 2001

Day Jan. Feb. Mar. Apr. May Jun. Jul.  Aug. Sep. Oct. Nov. Dec.
T4 34765 376.46 408.00 451.94 40569742252 7290.48 7424,007/397.:44,7442:20 1" KA~ NIA
2 40358 327.36 412.88 46193 380.53 45118 194.32 34639 401.56 45163 NA  N/A
1 3x oo 3TTAG 419.39 441.45..466.24° 358.04' 404:28° 279:34 241,20% 376.67,/425.985 " NIAW// NIA
4 273.26 410.40 411.57 469.84 384.88 291.06 304.82 194.83 42256 38572 NA  N/A
51 380.23 401:217 42817 448.54. 360447/ 262,53 34446 39146A63.36'1345.:88.:55 NIA . 265767,
6

387.62 433 79 469.59 402 68 287.19 33250 40568 29059 46437  NIA 339 14
165489 | 1037 BAY 32514407 62835457 OFE266 8%
390.90 356.25 206.34 35
1 ;4&'}%&&9“%” ’9‘?" 51224607 38538 ATHE 440

317.30 203.87"

F ;,_4933?@:@%

e 352.03 379.72 30058 468. 82 43856 40160 32504 3.67 395 35 445 25 326 69 :30800_‘.

”"'563 " ar2.54 42'o>21 42382 49358 25473 22952 391.54 328164. 113. 9'5" '432 28 224«15 2L5‘7 14

AR IR 080 §02 54T AA0TOR452.22:, 218N 0311550424307 SB3105 319292 4
2 31814 40234 48534 46345 28803 38443 41356 207.73 377.85 M2.1 24857 26276
| 2235111% 389,681 459/251 45414 4087 469 521 315,20 324755140167 446 83 425 BOE 29788 20739
37537 387.54 40503 47677 463.16 412.65 365.62 30049 26858 432.97 357.56 280.05
£ 1ra75/92:4 476805 26540RA00°20- ‘49358 ¥ 370,947 38057338 88384 6084603 T 318162540375
26 35313 41227 46329 AT1.67 45376 427.97 417.58 304.48 287.86 47569 NIA 28364
348i95 458:46 425 08 ATb:19/1415:64°:388: 1004 3 16:3F +7 2,007 365 5 a NI NIR6AT
20 35173 418.92 42336 48466 3221 22576 364.13 31258 327.32  NIA NIA  87.66
PG EAT 408,975 LD 403,868 A TR0 - 417.23°247:20.1 952754 260,75 321,680 - (NI NIKR 27941 -
30  247.16 | 38691 47762 37114 38507 40084 35206 43221 NA  NA 26328

31432004 . © 42860+ .. 27461 .. 2003225149 . " . NIA . NIA.28042.

LA

Mo.Avg. 341.11 397. 59 415 40 474 25 406.52 324 68 333.28 262.72 341 36 399. 99 283.67 266.98
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Figure 32: Monthly Average PAR



Inarajan Weather Station

Global Solar Radiation Average Flux Density (W/m?) for Year 2001
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Figure 33: Monthly Average Global Solar Radiation




(N

Inarajan Weather Station
Daily and Monthly Average Wind Speed (m/s) for Year 2001
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Inarajan Weather Station 23
Daily and Monthly Average Wind Direction (0-360 Degrees from North) for Year 2001
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Figure 35: Monthly Average Wind Direction



24 Inarajan Weather Station .
Daily and Monthly Total Atmometer Evaporation (ET Gauge) (mm) for Year 2001
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Figure 36: Monthly Total Atmometer Evaporation



Inarajan Weather Station 25
Daily and Monthly Total Pan Evaporation (mm) for Year 2001 T
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Figure 37: Monthly Total Pan Evaporation



Relative Humidity (%)

Figure 42: Daily Maximum Photosynthetically Active Radiation
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Inarajan Weather Station -
Daily Maximum and Minimum Graphs for Specified Climatic Parameters
January 2001 through December 2001
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Figure 40: Daily Maximum Relative Humidity
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Figure 39: Daily Minimum Temperature
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Inarajan Weather Station

Degree Days Graphics with Tables for Year 2001
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Figure 47: Growmg Degree Days
Degree Days | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep { Oct | Nov | Dec
ICooling 488 | 399 | 461 | 449 | 494 | 451 | 439 | 448 | N/A | 435 | 443 | 411
Growing (50) | 953 | 819 | 926 | 899 | 959 | 901 | 904 | 913 | N/A | 900 | 893 | 876
iGrowing (60) | 643 | 539 | 616 | 599 | 649 | 601 | 594 | 603 | N/A | 590 | 593 | 566




28 Inarajan Weather Station
Graphs showing year to year variations in weather data for 1999 to 2001
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Figure 50: Monthly Average Relative Humidity Figure 51: Monthly Average Photosynthetically
Active Radiation (PAR)
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Figure Monthly 54: Monthly Average Wind Direction Figure 55: Monthly Total Atmometer Evaporation
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Figure 56: Monthly Total Pan Evaporation



Errata 29

Data missing due to sensor or weather station problems that could not be estimated are marked with an “N/A”
(not available) in tables and a line discontinuity in graphs. The PAR sensor at Inarajan shows degradation in
accuracy over time (see Figure 51: Monthly Average Photosynthetically Active Radiation[PAR] on page 28).
Monthly averages containing missing data were estimated by taking the average of the available data for that
month. Monthly totals containing missing data were estimated by taking the average of the available data times
the number of days in the month.

Events
January 1999 Installed all new sensors at Yigo and Inarajan Weather Stations
June 6, 2000 Changed Total Global Radiation sensor at Inarajan Station

August 30, 2000 Changed Inarajan Temperature and RH sensor at Inarajan Station
April 5, 2001 Changed Evaporation Pan sensor at Yigo Station



30 Addendum: Corrections to Inarajan Weather Station Data
for the Year 2000 (Publication 463)

The Inarajan Weather Station data published in Publication 463 (October 2004) were incorrect due to sensor re-
calibration. The addendum that follows contains the corrected data for the indicated sensors:

* Daily and Monthly Average Air Temperature

* Daily and Monthly Average Relative Humidity

* Daily Maximum and Minimum Graphs for Specified Climatic Parameters
* Cooling and Growing Degree Days



Inarajan Weather Station 31
Daily and Monthly Average Air Temperature for Year 2000 (revised)*
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*  The revised data is italicized in the table,
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Figure 2: Monthly Average Temperature
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32 Inarajan Weather Station
Daily and Monthly Average Relative Humidity (%) for Year 2000 (revised)*

_8557 89.12 ,
0. ﬁ#-Zﬁ%jﬁg-%ﬂQﬁsé

TR 25611 03 80, B4 niB
82 80 _ 81 83 83 61} 92.18

20 70.02 8911 8437 81.30 88.68 NIA 8626 8612l .91 11 8791 87.3:

24 8750 8421 7978 854 8598 NIA_l 93.37 91 o1u

z. 91.35 232 E

82.53 78.96' 8272' N/AA '81 17 93_343 9268 885

SFan LR BB ek i BA0 e 8302 9AB3 L o0 B,
Mo. Avg 82 39 8581 84.30 82.00 8686 86.39 87.75 89.04! .91.70 .9048 86‘ 53 87 52l

*  The revised data is italicized in the table.
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Figure 3: Monthly Average Relative Humidity



Inarajan Weather Station 33
Photosynthetically Active Radiation (PAR) Average Flux Density (umol/s/m?) for Year 2000 (revised)*

Feb. Mar Apr

14 360 38 N/A 417.32 505 00 143 76422 26 411 72 400 92 453 67 424.16 337.78 312.3

“MoAvg. 331.80 387.39 420.05 489.68 391.90 399.84 385.09 306.06 347.19 7364 28 331.79 287.71

*  The revised data for the months of January through December 2000 are shown above.
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Figure 4: Monthly Average PAR
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Inarajan Weather Station
Daily Maximum and Minimum Graphs for Specified Climatic Parameters
January through December 2000 (revised)
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Figure 10: Daily Maximum Temperature Figure 11: Daily Minimum Temperature
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Figure 14: Daily Maximum Photosynthetically Figure 15: Daily Maximum Global Solar Radiation
Active Radiation (PAR)
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Figure 16: Daily Maximum Wind Speed Figure 17: Dally Pan Evaporation




Inarajan Weather Station
Degree Days Graphs with Tables for 2000 (revised)
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Figure 18: Cooling Degree Days
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Figure 19: Growing Degree Days
Degree Days | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Cooling 396 | 388 | 439 | 452 | 466 | 453 | 441 | 445 | 390 | 428 | 447 | 450
Growing (50) | 861 | 823 | 904 | 902 | 931 | 903 | 906 | 910 | 840 | 893 | 897 | 901
iGrowing (60) | 551 | 533 | 594 | 602 | 621 { 603 | 596 | 600 | 540 | 583 | 597 | 601
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The Guam Agricultural Experiment Station is an equal opportunity employer. All information gained through its research
program is available to anyone without regard to race, color., religion, sex, age or national origin.

Trade names of products are used to simplify the information. No endorsement of named products is intended.
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Any opinions, findings, conclusions or recommendations expressed in this publication are those of the author(s) and do not
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