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Abstract

Surface broadband shortwave and longwave irradiance are key components of the surface energy budget and give insight

on atmospheric constituents like clouds and aerosols as well as provide useful information for model evaluation. Surface

irradiance measurements are particularly difficult to make over the ocean where few measurement platforms exist, and where

the motion of ships and buoys makes the accuracy of the measurements challenging. During the US DOE ARM Measurements

of Aerosols, Radiation, and Clouds over the Southern Ocean (MARCUS) field campaign, new shipborne broadband radiation

systems (SHIPRAD) were deployed for the first time to test correction. The systems include pyrgeometer measurements for

measuring longwave irradiance, an unshaded pyranometer to measure shortwave irradiance, a navigation system measuring

pitch/roll/heading, and an SPN1 shortwave radiometer that measures direct and diffuse components with no moving parts.

A tilt correction methodology was used to correct 1 second temporal resolution shortwave irradiance data for ship motion,

designed to correct tilts of 10 degrees or less to within 10 W/m2. Two SHIPRAD systems were deployed on the port and

starboard sides of the ship, and the measurements were combined in order to be able to eliminate measurements shaded by ship

structures. The new methodology allows for high-temporal resolution irradiance measurements with higher accuracy. Results

will be presented on the accuracy of the tilt correction methodology and the irradiance measurement results throughout the

campaign.
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SUMMARY
SHIPRAD Systems were developed to correct for measurement 
challenges of broadband irradiance on moving platforms. The 
instruments were first deployed during the MARCUS field 
campaign. These systems and data processing methodology 
corrects for:
1. Tilt from horizontal on moving platforms
2. Shading due to ship structures

Planned data products will be produced with 1-minute average 
best estimate data. Collaboration and feedback on accuracy and 
resolution requirements happily accepted.

Instrumentation: SHIPRAD SYSTEM

New ShipRad systems were designed to measure 
LW and SW broadband irradiance on ships. 
Deployed for the first time at the MARCUS field 
campaign, measurements of components of SW 
irradiance along with tilt and heading, allows for 
post processing to correct for tilt.

Methodology from Long et al. (2010), TOASJ, 4, pp.78-87, doi: 10.2174/1874282301004010078.

• Two ShipRad systems are placed on port and starboard
• Post Processing allows choice of unshaded measurements 

most of the time

Comparison between port and starboard Total 
SW measurements shows large deviations due 
to shading that is not seen in diffuse SW 
irradiance

Tilt Correction Methodology Removing Shading Due to Ship Structures

Shaded SPN1 
Measures diffuse and total 

irradiance with no moving parts 

Unshaded SPN1 
Measures total SW irradiance more accurately than 
shaded instrument. Using center sensor as primary 
measurement and average of additional sensors as 

secondary measurement

Vector Nav 300
Measures pitch/roll/heading with respect 
to the radiometers of the ShipRad system

Eppley PIR
Measures downwelling LW irradiance

Tilt correction for 10° or less within 10 W m-2

Long et al. (2010) show that 
the tilt correction 
methodology  corrected 90% 
of the data to within 10 Wm-2

for tilt of +/- 10O or less, with 
an average absolute 
deviation of  5.2 Wm-2 , and 
95% if the data within 10 
Wm-2 for tilt of  +/- 5O or less.  

Shading not a problem when 
cloudy

Combined data chooses 
times least impacted by 
shading when clear

Offset Characterization
Systems are characterized for offset from level 
compared to the VN300 to an accuracy of 0.1° to 
give the most accurate tilt correction possible.

Direct SW Irradiance component  is 
corrected for tilt up to 10° due to 
ship motion.

Equation for calculating horizontal SW 
(G) from tilted SW (GT). Tilted Diffuse is 
assumed to be equal to Diffuse for small 
tilt angles, the cosine of the tilt zenith 
angle (µT) is calculated as a function 
of pitch, roll, and heading.

Tilt Correction Methodology

Long, C. N., A. Bucholtz, H. Jonsson, B. Schmid, A. Vogelmann, and J. Wood (2010): A Method of Correcting for Tilt from Horizontal in 
Downwelling SW Measurements on Moving Platforms, TOASJ, 4, pp.78-87, doi: 10.2174/1874282301004010078.
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Calculate tilt zenith angle as a function of pitch, roll, heading

DT , GT :
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Measured by ShipRad

µT = cos(✓T ) :
<latexit sha1_base64="gBTMfY5ySDRIHmfx6fM56qQB0aM=">AAAB/XicbVDJSgNBEK2JW4xbXG5eGoMQL2HGiyIIAS8eE8gGyTD0dHqSJj0L3TVCDMFf8eJBEa/+hzdvHv0MO8tBEx8UPN6roqqen0ih0bY/rczK6tr6RnYzt7W9s7uX3z9o6DhVjNdZLGPV8qnmUkS8jgIlbyWK09CXvOkPbiZ+844rLeKohsOEuyHtRSIQjKKRvPxRJ0y92jWLdbGDfY7Uq51defmCXbKnIMvEmZNCmVS/vwCg4uU/Ot2YpSGPkEmqdduxE3RHVKFgko9znVTzhLIB7fG2oRENuXZH0+vH5NQoXRLEylSEZKr+nhjRUOth6JvOkGJfL3oT8T+vnWJw6Y5ElKTIIzZbFKSSYEwmUZCuUJyhHBpCmRLmVsL6VFGGJrCcCcFZfHmZNM5Ljl1yqiaNMsyQhWM4gSI4cAFluIUK1IHBPTzCM7xYD9aT9Wq9zVoz1nzmEP7Aev8B05eXCQ==</latexit><latexit sha1_base64="hYmGc0RwuMumZrDWZL41KKW8FhA=">AAAB/XicbVDJSgNBEO2JS2LcxuXmpTEI8RJmBFEEIeDFYwLZIDMMPZ2epEnPQneNEIfgr3jxoIhX/8ObPyB+hp3loIkPCh7vVVFVz08EV2BZn0ZuZXVtPV/YKG5ube/smnv7LRWnkrImjUUsOz5RTPCINYGDYJ1EMhL6grX94c3Eb98xqXgcNWCUMDck/YgHnBLQkmceOmHqNa5prMoODBgQr3F65Zklq2JNgZeJPSelKq5/fxXy5zXP/HB6MU1DFgEVRKmubSXgZkQCp4KNi06qWELokPRZV9OIhEy52fT6MT7RSg8HsdQVAZ6qvycyEio1Cn3dGRIYqEVvIv7ndVMILt2MR0kKLKKzRUEqMMR4EgXucckoiJEmhEqub8V0QCShoAMr6hDsxZeXSeusYlsVu67TqKIZCugIHaMystEFqqJbVENNRNE9ekTP6MV4MJ6MV+Nt1poz5jMH6A+M9x82YZdT</latexit><latexit sha1_base64="hYmGc0RwuMumZrDWZL41KKW8FhA=">AAAB/XicbVDJSgNBEO2JS2LcxuXmpTEI8RJmBFEEIeDFYwLZIDMMPZ2epEnPQneNEIfgr3jxoIhX/8ObPyB+hp3loIkPCh7vVVFVz08EV2BZn0ZuZXVtPV/YKG5ube/smnv7LRWnkrImjUUsOz5RTPCINYGDYJ1EMhL6grX94c3Eb98xqXgcNWCUMDck/YgHnBLQkmceOmHqNa5prMoODBgQr3F65Zklq2JNgZeJPSelKq5/fxXy5zXP/HB6MU1DFgEVRKmubSXgZkQCp4KNi06qWELokPRZV9OIhEy52fT6MT7RSg8HsdQVAZ6qvycyEio1Cn3dGRIYqEVvIv7ndVMILt2MR0kKLKKzRUEqMMR4EgXucckoiJEmhEqub8V0QCShoAMr6hDsxZeXSeusYlsVu67TqKIZCugIHaMystEFqqJbVENNRNE9ekTP6MV4MJ6MV+Nt1poz5jMH6A+M9x82YZdT</latexit><latexit sha1_base64="rIOHF04RUC/XlNoQJz6BHPj1jIg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSLUTUncKIJQcOOyQl/QhDCZTtqhk5kwcyPUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee6KUMw2u+22trK6tb2yWtsrbO7t7+/bBYVvLTBHaIpJL1Y2wppwJ2gIGnHZTRXEScdqJRrdTv/NAlWZSNGGc0iDBA8FiRjAYKbSP/SQLmzdE6qoPQwo4bJ5fh3bFrbkzOMvEK0gFFWiE9pfflyRLqADCsdY9z00hyLECRjidlP1M0xSTER7QnqECJ1QH+ez6iXNmlL4TS2VKgDNTf0/kONF6nESmM8Ew1IveVPzP62UQXwU5E2kGVJD5ojjjDkhnGoXTZ4oS4GNDMFHM3OqQIVaYgAmsbELwFl9eJu2LmufWvHu3Uq8XcZTQCTpFVeShS1RHd6iBWoigR/SMXtGb9WS9WO/Wx7x1xSpmjtAfWJ8/feiUkA==</latexit>

D = DT :
<latexit sha1_base64="SGgqHcGknHTREaoZ3x3ZKzpgC3E=">AAAB7XicbVDLSgNBEOyNrxhf0Ry9DAbBU9j1YhCEgDl4jJAXJEuYncwmY2ZnlplZISwBP8GLB0W8+j8eBH/Fk5PHQRMLGoqqbrq7gpgzbVz3y8msrW9sbmW3czu7e/sH+cOjppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywup76rXuqNJOibsYx9SM8ECxkBBsrNatX1V79spcvuiV3BrRKvAUpVgqf3w8AUOvlP7p9SZKICkM41rrjubHxU6wMI5xOct1E0xiTER7QjqUCR1T76ezaCTq1Sh+FUtkSBs3U3xMpjrQeR4HtjLAZ6mVvKv7ndRITlv2UiTgxVJD5ojDhyEg0fR31maLE8LElmChmb0VkiBUmxgaUsyF4yy+vkuZ5yXNL3q1NowJzZOEYTuAMPLiACtxADRpA4A4e4RleHOk8Oa/O27w14yxmCvAHzvsPDEWRBQ==</latexit><latexit sha1_base64="WPg26DlJyL3y68QjYI/pPVv2P6Q=">AAAB7XicbVC7SgNBFL0bXzG+oiltBoNgIWHXRhGEgCksI+QFyRJmJ7PJmNmZZWZWCEsav8DGQhFb/8dC8A/8BisniYUmHrhwOOde7r0niDnTxnU/nMzS8srqWnY9t7G5tb2T391raJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDy4nfvKVKMylqZhRTP8J9wUJGsLFSo3JR6dbOu/miW3KnQIvE+yHFcuH96+5zfFzt5t86PUmSiApDONa67bmx8VOsDCOcjnOdRNMYkyHu07alAkdU++n02jE6tEoPhVLZEgZN1d8TKY60HkWB7YywGeh5byL+57UTE575KRNxYqggs0VhwpGRaPI66jFFieEjSzBRzN6KyAArTIwNKGdD8OZfXiSNk5Lnlrxrm0YZZsjCPhzAEXhwCmW4girUgcAN3MMjPDnSeXCenZdZa8b5mSnAHziv3yeFkpg=</latexit><latexit sha1_base64="WPg26DlJyL3y68QjYI/pPVv2P6Q=">AAAB7XicbVC7SgNBFL0bXzG+oiltBoNgIWHXRhGEgCksI+QFyRJmJ7PJmNmZZWZWCEsav8DGQhFb/8dC8A/8BisniYUmHrhwOOde7r0niDnTxnU/nMzS8srqWnY9t7G5tb2T391raJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDy4nfvKVKMylqZhRTP8J9wUJGsLFSo3JR6dbOu/miW3KnQIvE+yHFcuH96+5zfFzt5t86PUmSiApDONa67bmx8VOsDCOcjnOdRNMYkyHu07alAkdU++n02jE6tEoPhVLZEgZN1d8TKY60HkWB7YywGeh5byL+57UTE575KRNxYqggs0VhwpGRaPI66jFFieEjSzBRzN6KyAArTIwNKGdD8OZfXiSNk5Lnlrxrm0YZZsjCPhzAEXhwCmW4girUgcAN3MMjPDnSeXCenZdZa8b5mSnAHziv3yeFkpg=</latexit><latexit sha1_base64="rF3sfwmI90blcPGPHEaDEUA90P8=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KlkviiAU7MFjhX5Bu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sRh/e2vrG5tb24Wd4u7e/sFh6ei4ZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2O72Z++4lpw5Vs2EnCgpgMJY84JdZJrdptrd+46ZfKuILnQKvEz0kZctT7pa/eQNE0ZtJSQYzp+jixQUa05VSwabGXGpYQOiZD1nVUkpiZIJtfO0XnThmgSGlX0qK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbIKzV5HA64ZtWLiCKGau1sRHRFNqHUBFV0I/vLLq6R1WfFxxX/A5Wo1j6MAp3AGF+DDFVThHurQBAqP8Ayv8OYp78V79z4WrWtePnMCf+B9/gB9Io5i</latexit>

Assume Diffuse and tilted Diffuse equal for small tilt angles

Calculated from other measurementsµ0, N :
<latexit sha1_base64="9nWSAHd8JK9xx2FTadTJjFkOYbc=">AAAB73icbVA9SwNBEJ2LXzF+Ra3EZjEIFhLubBSrgI2VRDAfkBzn3mYvWbK7d+7uCeFIbW9joYitf8fOf+PmkkITHww83pthZl6YcKaN6347haXlldW14nppY3Nre6e8u9fUcaoIbZCYx6odYk05k7RhmOG0nSiKRchpKxxeTfzWI1WaxfLOjBLqC9yXLGIEGyu1uyIN3NOby6BccatuDrRIvBmp1A6egnsAqAflr24vJqmg0hCOte54bmL8DCvDCKfjUjfVNMFkiPu0Y6nEgmo/y+8do2Or9FAUK1vSoFz9PZFhofVIhLZTYDPQ895E/M/rpCa68DMmk9RQSaaLopQjE6PJ86jHFCWGjyzBRDF7KyIDrDAxNqKSDcGbf3mRNM+qnlv1bm0aNZiiCIdwBCfgwTnU4Brq0AACHJ7hFd6cB+fFeXc+pq0FZzazD3/gfP4ANz+Q5A==</latexit><latexit sha1_base64="SkqtsFR/zz4RXUAkvnTh1uSwlKI=">AAAB73icbVC7SgNBFL0bXzG+olZi4WAQLCTs2ihWARsriWAekCzL7GQ2GTKzs87MCmFJbW9joYitv5PO7/AHnDwKTTxw4XDOvdx7T5hwpo3rfjm5peWV1bX8emFjc2t7p7i7V9cyVYTWiORSNUOsKWcxrRlmOG0mimIRctoI+9djv/FIlWYyvjeDhPoCd2MWMYKNlZptkQbu2e1VUCy5ZXcCtEi8GSlVDp4COTr6rgbFUbsjSSpobAjHWrc8NzF+hpVhhNNhoZ1qmmDSx13asjTGgmo/m9w7RCdW6aBIKluxQRP190SGhdYDEdpOgU1Pz3tj8T+vlZro0s9YnKSGxmS6KEo5MhKNn0cdpigxfGAJJorZWxHpYYWJsREVbAje/MuLpH5e9tyyd2fTqMAUeTiEYzgFDy6gAjdQhRoQ4PAMr/DmPDgvzrvzMW3NObOZffgD5/MH0fyS1w==</latexit><latexit sha1_base64="SkqtsFR/zz4RXUAkvnTh1uSwlKI=">AAAB73icbVC7SgNBFL0bXzG+olZi4WAQLCTs2ihWARsriWAekCzL7GQ2GTKzs87MCmFJbW9joYitv5PO7/AHnDwKTTxw4XDOvdx7T5hwpo3rfjm5peWV1bX8emFjc2t7p7i7V9cyVYTWiORSNUOsKWcxrRlmOG0mimIRctoI+9djv/FIlWYyvjeDhPoCd2MWMYKNlZptkQbu2e1VUCy5ZXcCtEi8GSlVDp4COTr6rgbFUbsjSSpobAjHWrc8NzF+hpVhhNNhoZ1qmmDSx13asjTGgmo/m9w7RCdW6aBIKluxQRP190SGhdYDEdpOgU1Pz3tj8T+vlZro0s9YnKSGxmS6KEo5MhKNn0cdpigxfGAJJorZWxHpYYWJsREVbAje/MuLpH5e9tyyd2fTqMAUeTiEYzgFDy6gAjdQhRoQ4PAMr/DmPDgvzrvzMW3NObOZffgD5/MH0fyS1w==</latexit><latexit sha1_base64="KQ5wjOy4V8kpWMZcjoM+Geh1j3I=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5SsF8VTwYsnqWA/oF1KNs22oUl2m2SFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeWEiuLEYf3uFtfWNza3idmlnd2//oHx41DRxqilr0FjEuh0SwwRXrGG5FaydaEZkKFgrHN3O/NYT04bH6tFOEhZIMlA84pRYJ7W7Mu3hi/ubXrmCq3gOtEr8nFQgR71X/ur2Y5pKpiwVxJiOjxMbZERbTgWblrqpYQmhIzJgHUcVkcwE2fzeKTpzSh9FsXalLJqrvycyIo2ZyNB1SmKHZtmbif95ndRG10HGVZJapuhiUZQKZGM0ex71uWbUiokjhGrubkV0SDSh1kVUciH4yy+vkuZl1cdV/wFXarU8jiKcwCmcgw9XUIM7qEMDKAh4hld488bei/fufSxaC14+cwx/4H3+AAbBj0U=</latexit>

Equation for total 
irradiance as a 
function of 
measured variables

µ0 = cos(✓0)
<latexit sha1_base64="vSj3rgnZRc49E3dCuZEkZIu+II8=">AAAB/3icbVC7SgNBFL0bXzG+VgUbm8EgxCbs2mgjBGwsEzAPyIZldjKbDJl9MHNXCDGFv2JjoYitv2FnZ+lnOHkUmnjgwuGce7n3niCVQqPjfFq5ldW19Y38ZmFre2d3z94/aOgkU4zXWSIT1Qqo5lLEvI4CJW+litMokLwZDK4nfvOOKy2S+BaHKe9EtBeLUDCKRvLtIy/KfIdcEZbokod9jtR3zgq+XXTKzhRkmbhzUqyQ2vcXAFR9+8PrJiyLeIxMUq3brpNiZ0QVCib5uOBlmqeUDWiPtw2NacR1ZzS9f0xOjdIlYaJMxUim6u+JEY20HkaB6Ywo9vWiNxH/89oZhpedkYjTDHnMZovCTBJMyCQM0hWKM5RDQyhTwtxKWJ8qytBENgnBXXx5mTTOy65TdmsmjQrMkIdjOIESuHABFbiBKtSBwT08wjO8WA/Wk/Vqvc1ac9Z85hD+wHr/Ac4+luU=</latexit><latexit sha1_base64="DANFehvlMgnP0j+3dAvdl84nwqw=">AAAB/3icbVDLSsNAFJ3UR2t9RQU3bgaLUDclEUQ3QsGNyxbsA5oQJtNJO3TyYOZGKLELf8WNC0Xc+hvu/AHxM5y0XWjrgQuHc+7l3nv8RHAFlvVpFFZW19aLpY3y5tb2zq65t99WcSopa9FYxLLrE8UEj1gLOAjWTSQjoS9Yxx9d537njknF4+gWxglzQzKIeMApAS155qETpp6FrzCNVdWBIQPiWadlz6xYNWsKvEzsOanUcfP7q1Q8b3jmh9OPaRqyCKggSvVsKwE3IxI4FWxSdlLFEkJHZMB6mkYkZMrNpvdP8IlW+jiIpa4I8FT9PZGRUKlx6OvOkMBQLXq5+J/XSyG4dDMeJSmwiM4WBanAEOM8DNznklEQY00IlVzfiumQSEJBR5aHYC++vEzaZzXbqtlNnUYdzVBCR+gYVZGNLlAd3aAGaiGK7tEjekYvxoPxZLwab7PWgjGfOUB/YLz/ADEIly8=</latexit><latexit sha1_base64="DANFehvlMgnP0j+3dAvdl84nwqw=">AAAB/3icbVDLSsNAFJ3UR2t9RQU3bgaLUDclEUQ3QsGNyxbsA5oQJtNJO3TyYOZGKLELf8WNC0Xc+hvu/AHxM5y0XWjrgQuHc+7l3nv8RHAFlvVpFFZW19aLpY3y5tb2zq65t99WcSopa9FYxLLrE8UEj1gLOAjWTSQjoS9Yxx9d537njknF4+gWxglzQzKIeMApAS155qETpp6FrzCNVdWBIQPiWadlz6xYNWsKvEzsOanUcfP7q1Q8b3jmh9OPaRqyCKggSvVsKwE3IxI4FWxSdlLFEkJHZMB6mkYkZMrNpvdP8IlW+jiIpa4I8FT9PZGRUKlx6OvOkMBQLXq5+J/XSyG4dDMeJSmwiM4WBanAEOM8DNznklEQY00IlVzfiumQSEJBR5aHYC++vEzaZzXbqtlNnUYdzVBCR+gYVZGNLlAd3aAGaiGK7tEjekYvxoPxZLwab7PWgjGfOUB/YLz/ADEIly8=</latexit><latexit sha1_base64="RCEMiPERPoKTY/88MWuJff/4ClQ=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZSJG90IBTcuK9gHNCFMppN26OTBzI1QYhf+ihsXirj1N9z5N07aLLT1wIXDOfdy7z1BKoUGQr6tldW19Y3NylZ1e2d3b98+OOzoJFOMt1kiE9ULqOZSxLwNAiTvpYrTKJC8G4xvCr/7wJUWSXwPk5R7ER3GIhSMgpF8+9iNMp/ga8wSXXdhxIH65Lzq2zXSIDPgZeKUpIZKtHz7yx0kLIt4DExSrfsOScHLqQLBJJ9W3UzzlLIxHfK+oTGNuPby2f1TfGaUAQ4TZSoGPFN/T+Q00noSBaYzojDSi14h/uf1MwivvFzEaQY8ZvNFYSYxJLgIAw+E4gzkxBDKlDC3YjaiijIwkRUhOIsvL5PORcMhDeeO1JrNMo4KOkGnqI4cdIma6Ba1UBsx9Iie0St6s56sF+vd+pi3rljlzBH6A+vzB3iPlGw=</latexit>

µT = cos(✓T )
<latexit sha1_base64="t6syup3MTqbqBr/1Zr7Y4UYTiAg=">AAAB/nicbVC7SgNBFL0bXzG+omJlMxiE2IRdG22EgI1lAnlBsiyzk9lkyOyDmbtCWAL+io2FIrZ+h52dpZ/h5FFo4oELh3Pu5d57/EQKjbb9aeXW1jc2t/LbhZ3dvf2D4uFRS8epYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/dDv12/dcaRFHDRwn3A3pIBKBYBSN5BVPemHqNcgNYbEu93DIkXqNC69Ysiv2DGSVOAtSqpL69xcA1LziR68fszTkETJJte46doJuRhUKJvmk0Es1Tygb0QHvGhrRkGs3m50/IedG6ZMgVqYiJDP190RGQ63HoW86Q4pDvexNxf+8borBtZuJKEmRR2y+KEglwZhMsyB9oThDOTaEMiXMrYQNqaIMTWIFE4Kz/PIqaV1WHLvi1E0aVZgjD6dwBmVw4AqqcAc1aAKDDB7hGV6sB+vJerXe5q05azFzDH9gvf8AAp2XGQ==</latexit><latexit sha1_base64="WYoYC6iJjMnBENl5RqFu/7Fzr5I=">AAAB/nicbVDLSsNAFJ3UR2t9RcWVm8Ei1E1JBNGNUHDjsoW+oA1hMp20Q2eSMHMjlFDwV9y4UMSt3+HOHxA/w+ljoa0HLhzOuZd77wkSwTU4zqeVW1vf2MwXtorbO7t7+/bBYUvHqaKsSWMRq05ANBM8Yk3gIFgnUYzIQLB2MLqd+u17pjSPowaME+ZJMoh4yCkBI/n2cU+mfgPfYBrrcg+GDIjfOPftklNxZsCrxF2QUhXXv78K+cuab3/0+jFNJYuACqJ113US8DKigFPBJsVeqllC6IgMWNfQiEimvWx2/gSfGaWPw1iZigDP1N8TGZFaj2VgOiWBoV72puJ/XjeF8NrLeJSkwCI6XxSmAkOMp1ngPleMghgbQqji5lZMh0QRCiaxognBXX55lbQuKq5TcesmjSqao4BO0CkqIxddoSq6QzXURBRl6BE9oxfrwXqyXq23eWvOWswcoT+w3n8AZViXYw==</latexit><latexit sha1_base64="WYoYC6iJjMnBENl5RqFu/7Fzr5I=">AAAB/nicbVDLSsNAFJ3UR2t9RcWVm8Ei1E1JBNGNUHDjsoW+oA1hMp20Q2eSMHMjlFDwV9y4UMSt3+HOHxA/w+ljoa0HLhzOuZd77wkSwTU4zqeVW1vf2MwXtorbO7t7+/bBYUvHqaKsSWMRq05ANBM8Yk3gIFgnUYzIQLB2MLqd+u17pjSPowaME+ZJMoh4yCkBI/n2cU+mfgPfYBrrcg+GDIjfOPftklNxZsCrxF2QUhXXv78K+cuab3/0+jFNJYuACqJ113US8DKigFPBJsVeqllC6IgMWNfQiEimvWx2/gSfGaWPw1iZigDP1N8TGZFaj2VgOiWBoV72puJ/XjeF8NrLeJSkwCI6XxSmAkOMp1ngPleMghgbQqji5lZMh0QRCiaxognBXX55lbQuKq5TcesmjSqao4BO0CkqIxddoSq6QzXURBRl6BE9oxfrwXqyXq23eWvOWswcoT+w3n8AZViXYw==</latexit><latexit sha1_base64="9a/zl1/hg02CeQwcU9mM81ltM8c=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCvZTEi16EghePFfoFTQib7bZdutkNuxOhhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzItTwQ143reztr6xubVd2inv7u0fHLpHx22jMk1ZiyqhdDcmhgkuWQs4CNZNNSNJLFgnHt/N/M4j04Yr2YRJysKEDCUfcErASpF7GiRZ1MS3mCpTDWDEgETNy8iteDVvDrxK/IJUUIFG5H4FfUWzhEmgghjT870Uwpxo4FSwaTnIDEsJHZMh61kqScJMmM/Pn+ILq/TxQGlbEvBc/T2Rk8SYSRLbzoTAyCx7M/E/r5fB4CbMuUwzYJIuFg0ygUHhWRa4zzWjICaWEKq5vRXTEdGEgk2sbEPwl19eJe2rmu/V/AevUq8XcZTQGTpHVeSja1RH96iBWoiiHD2jV/TmPDkvzrvzsWhdc4qZE/QHzucPrN+UoA==</latexit>

: Total SW irradiance
: Diffuse SW irradiance
: Direct normal irradiance

G
<latexit sha1_base64="c/dcc2e53CHn2nBUkpJIsJvz4Yo=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stDNgoWUC5gOSEPY2c8mavb1jd0+IR36BjYUitv4Wf4Gdpf/EvSSFJj4YeLw3w8w8PxZcG9f9cnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RVeY371FpHslbM46xG9KB5AFn1Fipdt0rltyyOwVZJt6clC4/Hr4rAFDtFT87/YglIUrDBNW67bmx6aZUGc4ETgqdRGNM2YgOsG2ppCHqbjo9dEJOrNInQaRsSUOm6u+JlIZaj0PfdobUDPWil4n/ee3EBBfdlMs4MSjZbFGQCGIikn1N+lwhM2JsCWWK21sJG1JFmbHZFGwI3uLLy6RxVvbcsldzS5Usigx5OIJjOAUPzqECN1CFOjBAeIRneHHunCfn1Xmbteac+cwh/IHz/gMjxI9j</latexit><latexit sha1_base64="tLl95V1rR+2HTVkLGsr/5EilhKw=">AAAB6HicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYBHLBMwFkhBmJ2eTMbOzy8ysEJc8gY2FIrY+gE/hE9hZ+iZOLoVGfxj4+P9zmHOOHwuujet+Opml5ZXVtex6bmNza3snv7tX11GiGNZYJCLV9KlGwSXWDDcCm7FCGvoCG/7wcpI3blFpHslrM4qxE9K+5AFn1FirWu7mC27RnYr8BW8OhYv3u6/y20Fa6eY/2r2IJSFKwwTVuuW5semkVBnOBI5z7URjTNmQ9rFlUdIQdSedDjomx9bpkSBS9klDpu7PjpSGWo9C31aG1Az0YjYx/8taiQnOOymXcWJQstlHQSKIichka9LjCpkRIwuUKW5nJWxAFWXG3iZnj+AtrvwX6qdFzy16VbdQKsFMWTiEIzgBD86gBFdQgRowQLiHR3hybpwH59l5mZVmnHnPPvyS8/oN1OyQpw==</latexit><latexit sha1_base64="tLl95V1rR+2HTVkLGsr/5EilhKw=">AAAB6HicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYBHLBMwFkhBmJ2eTMbOzy8ysEJc8gY2FIrY+gE/hE9hZ+iZOLoVGfxj4+P9zmHOOHwuujet+Opml5ZXVtex6bmNza3snv7tX11GiGNZYJCLV9KlGwSXWDDcCm7FCGvoCG/7wcpI3blFpHslrM4qxE9K+5AFn1FirWu7mC27RnYr8BW8OhYv3u6/y20Fa6eY/2r2IJSFKwwTVuuW5semkVBnOBI5z7URjTNmQ9rFlUdIQdSedDjomx9bpkSBS9klDpu7PjpSGWo9C31aG1Az0YjYx/8taiQnOOymXcWJQstlHQSKIichka9LjCpkRIwuUKW5nJWxAFWXG3iZnj+AtrvwX6qdFzy16VbdQKsFMWTiEIzgBD86gBFdQgRowQLiHR3hybpwH59l5mZVmnHnPPvyS8/oN1OyQpw==</latexit><latexit sha1_base64="ZeI3HjzhVvEoD3BKidX/Vy5Y3as=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHgQY8tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+Hkdu53nlBpnsgHM00xiOlI8ogzaqzUuhtUa27dXYCsE68gNSjQHFS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvDp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqKbIOcyzQxKtlwUZYKYhMy/JkOukBkxtYQyxe2thI2poszYbCo2BG/15XXSvqp7bt1rubVGo4ijDGdwDpfgwTU04B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+aG4zF</latexit>

D
<latexit sha1_base64="ja8ZFqniBsXc+am8FKTkyl4fQWc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stDOghWUC5gOSEPY2c8mavb1jd0+IR36BjYUitv4Wf4Gdpf/EvSSFJj4YeLw3w8w8PxZcG9f9cnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RVeY371FpHslbM46xG9KB5AFn1Fipdt0rltyyOwVZJt6clC4/Hr4rAFDtFT87/YglIUrDBNW67bmx6aZUGc4ETgqdRGNM2YgOsG2ppCHqbjo9dEJOrNInQaRsSUOm6u+JlIZaj0PfdobUDPWil4n/ee3EBBfdlMs4MSjZbFGQCGIikn1N+lwhM2JsCWWK21sJG1JFmbHZFGwI3uLLy6RxVvbcsldzS5Usigx5OIJjOAUPzqECN1CFOjBAeIRneHHunCfn1Xmbteac+cwh/IHz/gMfOI9g</latexit><latexit sha1_base64="zEMW4IO21103AFyKimO10f/b5HM=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozXvRmQEGPCZgFkhB6OjVJm56eobtHiEOewIsHRbz6AD6FT+DNo29iZzlo9IeGj/+voqvKjwXXxnU/nczC4tLySnY1t7a+sbmV396p6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPs7rt6g0j+S1GcbYDmlP8oAzaqxVuejkC27RnYj8BW8GhbP3u6/Lt7203Ml/tLoRS0KUhgmqddNzY9NOqTKcCRzlWonGmLIB7WHToqQh6nY6GXREDq3TJUGk7JOGTNyfHSkNtR6Gvq0Mqenr+Wxs/pc1ExOctlMu48SgZNOPgkQQE5Hx1qTLFTIjhhYoU9zOSlifKsqMvU3OHsGbX/kv1I6Lnlv0Km6hVIKpsrAPB3AEHpxACa6gDFVggHAPj/Dk3DgPzrPzMi3NOLOeXfgl5/Ub0GCQpA==</latexit><latexit sha1_base64="zEMW4IO21103AFyKimO10f/b5HM=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozXvRmQEGPCZgFkhB6OjVJm56eobtHiEOewIsHRbz6AD6FT+DNo29iZzlo9IeGj/+voqvKjwXXxnU/nczC4tLySnY1t7a+sbmV396p6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPs7rt6g0j+S1GcbYDmlP8oAzaqxVuejkC27RnYj8BW8GhbP3u6/Lt7203Ml/tLoRS0KUhgmqddNzY9NOqTKcCRzlWonGmLIB7WHToqQh6nY6GXREDq3TJUGk7JOGTNyfHSkNtR6Gvq0Mqenr+Wxs/pc1ExOctlMu48SgZNOPgkQQE5Hx1qTLFTIjhhYoU9zOSlifKsqMvU3OHsGbX/kv1I6Lnlv0Km6hVIKpsrAPB3AEHpxACa6gDFVggHAPj/Dk3DgPzrPzMi3NOLOeXfgl5/Ub0GCQpA==</latexit><latexit sha1_base64="+PN6ToKwYJ1ph7b7c0bUxO/dJFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LGgB48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+Hkdu53nlBpnsgHM00xiOlI8ogzaqzUuhtUa27dXYCsE68gNSjQHFS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvDp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqKbIOcyzQxKtlwUZYKYhMy/JkOukBkxtYQyxe2thI2poszYbCo2BG/15XXSvqp7bt1rubVGo4ijDGdwDpfgwTU04B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+Vj4zC</latexit>

N
<latexit sha1_base64="v/bcqkrjrokF1dnpQZQZ+SFK2jk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stDNgYyUJmA9IQtjbzCVr9vaO3T0hHvkFNhaK2Ppb/AV2lv4T95IUmvhg4PHeDDPz/FhwbVz3y8mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHV5nfvEeleSRvzTjGbkgHkgecUWOl2k2vWHLL7hRkmXhzUrr8ePiuAEC1V/zs9COWhCgNE1TrtufGpptSZTgTOCl0Eo0xZSM6wLalkoaou+n00Ak5sUqfBJGyJQ2Zqr8nUhpqPQ592xlSM9SLXib+57UTE1x0Uy7jxKBks0VBIoiJSPY16XOFzIixJZQpbm8lbEgVZcZmU7AheIsvL5PGWdlzy17NLVWyKDLk4QiO4RQ8OIcKXEMV6sAA4RGe4cW5c56cV+dt1ppz5jOH8AfO+w8uYI9q</latexit><latexit sha1_base64="/f7snwI/cg+LctrrR4dFaDtfK8c=">AAAB6HicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGVJGAukIQwOzmbjJmdXWZmhbjkCWwsFLH1AXwKn8DO0jdxcik0+sPAx/+fw5xz/FhwbVz308ksLC4tr2RXc2vrG5tb+e2dmo4SxbDKIhGphk81Ci6xargR2IgV0tAXWPcH5+O8fotK80hem2GM7ZD2JA84o8ZalatOvuAW3YnIX/BmUDh7v/u6eNtLy538R6sbsSREaZigWjc9NzbtlCrDmcBRrpVojCkb0B42LUoaom6nk0FH5NA6XRJEyj5pyMT92ZHSUOth6NvKkJq+ns/G5n9ZMzHBaTvlMk4MSjb9KEgEMREZb026XCEzYmiBMsXtrIT1qaLM2Nvk7BG8+ZX/Qu246LlFr+IWSiWYKgv7cABH4MEJlOASylAFBgj38AhPzo3z4Dw7L9PSjDPr2YVfcl6/Ad+IkK4=</latexit><latexit sha1_base64="/f7snwI/cg+LctrrR4dFaDtfK8c=">AAAB6HicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGVJGAukIQwOzmbjJmdXWZmhbjkCWwsFLH1AXwKn8DO0jdxcik0+sPAx/+fw5xz/FhwbVz308ksLC4tr2RXc2vrG5tb+e2dmo4SxbDKIhGphk81Ci6xargR2IgV0tAXWPcH5+O8fotK80hem2GM7ZD2JA84o8ZalatOvuAW3YnIX/BmUDh7v/u6eNtLy538R6sbsSREaZigWjc9NzbtlCrDmcBRrpVojCkb0B42LUoaom6nk0FH5NA6XRJEyj5pyMT92ZHSUOth6NvKkJq+ns/G5n9ZMzHBaTvlMk4MSjb9KEgEMREZb026XCEzYmiBMsXtrIT1qaLM2Nvk7BG8+ZX/Qu246LlFr+IWSiWYKgv7cABH4MEJlOASylAFBgj38AhPzo3z4Dw7L9PSjDPr2YVfcl6/Ad+IkK4=</latexit><latexit sha1_base64="EM+5bZGVlguVUla/gy/64+OrTm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHgxZO0YNpCG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmhang2rjut1Pa2Nza3invVvb2Dw6PqscnbZ1kiqHPEpGobkg1Ci7RN9wI7KYKaRwK7IST27nfeUKleSIfzDTFIKYjySPOqLFS635Qrbl1dwGyTryC1KBAc1D96g8TlsUoDRNU657npibIqTKcCZxV+pnGlLIJHWHPUklj1EG+OHRGLqwyJFGibElDFurviZzGWk/j0HbG1Iz1qjcX//N6mYlugpzLNDMo2XJRlAliEjL/mgy5QmbE1BLKFLe3EjamijJjs6nYELzVl9dJ+6ruuXWv5dYajSKOMpzBOVyCB9fQgDtogg8MEJ7hFd6cR+fFeXc+lq0lp5g5hT9wPn8ApLeMzA==</latexit>

: Total SW on tilted surf
: Diffuse SW on tilted surfDT

<latexit sha1_base64="8LkunIwdyvHoRzp49uL9TRwLXPs=">AAAB6nicbVA9SwNBEJ2LXzF+RVPaLAbBKtzZaBnQwjJiviA5wt5mL1myt3fszgnhCPgHbCwUsfUXWQj+FSs3H4UmPhh4vDfDzLwgkcKg6345ubX1jc2t/HZhZ3dv/6B4eNQ0caoZb7BYxrodUMOlULyBAiVvJ5rTKJC8FYyupn7rnmsjYlXHccL9iA6UCAWjaKW76169Vyy7FXcGskq8BSlXS5/fDwBQ6xU/uv2YpRFXyCQ1puO5CfoZ1SiY5JNCNzU8oWxEB7xjqaIRN342O3VCTq3SJ2GsbSkkM/X3REYjY8ZRYDsjikOz7E3F/7xOiuGlnwmVpMgVmy8KU0kwJtO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqa5xXPrXi3No0qzJGHYziBM/DgAqpwAzVoAIMBPMIzvDjSeXJenbd5a85ZzJTgD5z3H36+kCw=</latexit><latexit sha1_base64="aDXZ5JIbBgFUH3IjO8QhVOqnOXY=">AAAB6nicbVA9SwNBEJ2LXzF+RVPaLAbBQsKdjZYBLSwj5guSEPY2e8mSvb1jd04IRxp7GwtFbP1FFoL/wN9g5eaj0MQHA4/3ZpiZ58dSGHTdTyezsrq2vpHdzG1t7+zu5fcP6iZKNOM1FslIN31quBSK11Cg5M1Ycxr6kjf84eXEb9xxbUSkqjiKeSekfSUCwSha6faqW+3mi27JnYIsE29OiuXCx/f91/i00s2/t3sRS0KukElqTMtzY+ykVKNgko9z7cTwmLIh7fOWpYqG3HTS6aljcmyVHgkibUshmaq/J1IaGjMKfdsZUhyYRW8i/ue1EgwuOqlQcYJcsdmiIJEEIzL5m/SE5gzlyBLKtLC3EjagmjK06eRsCN7iy8ukflby3JJ3Y9MowwxZOIQjOAEPzqEM11CBGjDowwM8wbMjnUfnxXmdtWac+UwB/sB5+wGZ/pG/</latexit><latexit sha1_base64="aDXZ5JIbBgFUH3IjO8QhVOqnOXY=">AAAB6nicbVA9SwNBEJ2LXzF+RVPaLAbBQsKdjZYBLSwj5guSEPY2e8mSvb1jd04IRxp7GwtFbP1FFoL/wN9g5eaj0MQHA4/3ZpiZ58dSGHTdTyezsrq2vpHdzG1t7+zu5fcP6iZKNOM1FslIN31quBSK11Cg5M1Ycxr6kjf84eXEb9xxbUSkqjiKeSekfSUCwSha6faqW+3mi27JnYIsE29OiuXCx/f91/i00s2/t3sRS0KukElqTMtzY+ykVKNgko9z7cTwmLIh7fOWpYqG3HTS6aljcmyVHgkibUshmaq/J1IaGjMKfdsZUhyYRW8i/ue1EgwuOqlQcYJcsdmiIJEEIzL5m/SE5gzlyBLKtLC3EjagmjK06eRsCN7iy8ukflby3JJ3Y9MowwxZOIQjOAEPzqEM11CBGjDowwM8wbMjnUfnxXmdtWac+UwB/sB5+wGZ/pG/</latexit><latexit sha1_base64="lUcxFnYDiF4pouiWvBQD4JRmjDA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86DGgB48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpoJr47rfTmljc2t7p7xb2ds/ODyqHp+0dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji5nfudJ1SaJ7JppikGMR1JHnFGjZUe7wbNQbXm1t0FyDrxClKDAo1B9as/TFgWozRMUK17npuaIKfKcCZwVulnGlPKJnSEPUsljVEH+eLUGbmwypBEibIlDVmovydyGms9jUPbGVMz1qveXPzP62UmuglyLtPMoGTLRVEmiEnI/G8y5AqZEVNLKFPc3krYmCrKjE2nYkPwVl9eJ+2ruufWvQe35vtFHGU4g3O4BA+uwYd7aEALGIzgGV7hzRHOi/PufCxbS04xcwp/4Hz+AO+bjYk=</latexit>

GT
<latexit sha1_base64="35cS/pvNj4gjxsjaPULMVfzCWSE=">AAAB6nicbVA9SwNBEJ2LXzF+RVPaLAbBKtzZaBmw0DJiviA5wt5mL1myt3fszgnhCPgHbCwUsfUXWQj+FSs3H4UmPhh4vDfDzLwgkcKg6345ubX1jc2t/HZhZ3dv/6B4eNQ0caoZb7BYxrodUMOlULyBAiVvJ5rTKJC8FYyupn7rnmsjYlXHccL9iA6UCAWjaKW76169Vyy7FXcGskq8BSlXS5/fDwBQ6xU/uv2YpRFXyCQ1puO5CfoZ1SiY5JNCNzU8oWxEB7xjqaIRN342O3VCTq3SJ2GsbSkkM/X3REYjY8ZRYDsjikOz7E3F/7xOiuGlnwmVpMgVmy8KU0kwJtO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqa5xXPrXi3No0qzJGHYziBM/DgAqpwAzVoAIMBPMIzvDjSeXJenbd5a85ZzJTgD5z3H4NQkC8=</latexit><latexit sha1_base64="w8//7L5qufJd5kdJr/MMwDYPmKA=">AAAB6nicbVA9SwNBEJ2LXzF+RVPaLAbBQsKdjZYBCy0j5guSEPY2e8mSvb1jd04IRxp7GwtFbP1FFoL/wN9g5eaj0MQHA4/3ZpiZ58dSGHTdTyezsrq2vpHdzG1t7+zu5fcP6iZKNOM1FslIN31quBSK11Cg5M1Ycxr6kjf84eXEb9xxbUSkqjiKeSekfSUCwSha6faqW+3mi27JnYIsE29OiuXCx/f91/i00s2/t3sRS0KukElqTMtzY+ykVKNgko9z7cTwmLIh7fOWpYqG3HTS6aljcmyVHgkibUshmaq/J1IaGjMKfdsZUhyYRW8i/ue1EgwuOqlQcYJcsdmiIJEEIzL5m/SE5gzlyBLKtLC3EjagmjK06eRsCN7iy8ukflby3JJ3Y9MowwxZOIQjOAEPzqEM11CBGjDowwM8wbMjnUfnxXmdtWac+UwB/sB5+wGekJHC</latexit><latexit sha1_base64="w8//7L5qufJd5kdJr/MMwDYPmKA=">AAAB6nicbVA9SwNBEJ2LXzF+RVPaLAbBQsKdjZYBCy0j5guSEPY2e8mSvb1jd04IRxp7GwtFbP1FFoL/wN9g5eaj0MQHA4/3ZpiZ58dSGHTdTyezsrq2vpHdzG1t7+zu5fcP6iZKNOM1FslIN31quBSK11Cg5M1Ycxr6kjf84eXEb9xxbUSkqjiKeSekfSUCwSha6faqW+3mi27JnYIsE29OiuXCx/f91/i00s2/t3sRS0KukElqTMtzY+ykVKNgko9z7cTwmLIh7fOWpYqG3HTS6aljcmyVHgkibUshmaq/J1IaGjMKfdsZUhyYRW8i/ue1EgwuOqlQcYJcsdmiIJEEIzL5m/SE5gzlyBLKtLC3EjagmjK06eRsCN7iy8ukflby3JJ3Y9MowwxZOIQjOAEPzqEM11CBGjDowwM8wbMjnUfnxXmdtWac+UwB/sB5+wGekJHC</latexit><latexit sha1_base64="TnLfjrjMNZK+Rpiom+19lkDjNRc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86DHgQY8V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpoJr47rfTmljc2t7p7xb2ds/ODyqHp+0dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji5nfudJ1SaJ7JppikGMR1JHnFGjZUe7wbNQbXm1t0FyDrxClKDAo1B9as/TFgWozRMUK17npuaIKfKcCZwVulnGlPKJnSEPUsljVEH+eLUGbmwypBEibIlDVmovydyGms9jUPbGVMz1qveXPzP62UmuglyLtPMoGTLRVEmiEnI/G8y5AqZEVNLKFPc3krYmCrKjE2nYkPwVl9eJ+2ruufWvQe35vtFHGU4g3O4BA+uwYd7aEALGIzgGV7hzRHOi/PufCxbS04xcwp/4Hz+APQtjYw=</latexit>

Cosine of solar zenith angle:

Cosine of tilt zenith angle:

Definition of terms

Example of tilt correction, Dec. 14, 2017:

Methodology for creating best estimate irradiance to avoid shading: 
Downwelling LW and Diffuse SW: 
average of port and starboard 
measurements when tilt angle < 10°

Total SW—use average of port and 
starboard unless shaded:
• When port/starboard total SW is 

>100 W m-2 than starboard/port 
total 

• When 1-sec deviation greater than 
5 W m-2

Example combined 
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