
INTRODUCTION AND LITERATURE REVIEW
Introduction:

Many communities rely on city-specific solar radiation data when making decisions--for example, contractors can
use NASA satellite city irradiation data to understand annual solar radiation patterns, make predictions about
future behavior, and then choose which materials (radiators, heating units, etc.) are best suited for the building
they're working on.

 

A question then arises: is the satellite data of a high enough resolution that solar irradiation variations city-wide are
captured? Can we rely on the satellite data to relay accurate information about the city variations, especially when
dealing with a scale as small as (ex.) building? 

 

Research Question:

While BSRN ground stations measure various solar radiation parameters as ground truth, their limited coverage
makes it difficult to use BSRN station data over the continental US. NASA satellite data is global but at a very
coarse resolution. Does the POWER satellite data (with its current resolution) capture the solar radiation variations
within cities?

 

Three Papers of Importance:

1. The Validation of the GEWEX SRB surface shortwave flux data products using BSRN measurements: A
systematic quality control, production, and application approach (Zhang et al)

Describes validation process of GEWEX satellite data against BSRN ground stations

2. Spatial Representativeness of Surface-Measured Variations of Downward Solar Radiation (Schwartz et al 2017)

Derived relationship between stations within latitude and longitude grid boxes

Discussed representativeness of station’s measurements for surrounding terrains/area contained in boxed
grid

3. From Point to Area: Worldwide Representativeness of Monthly Surface Solar Radiation Records (Schwarz et al
2018)

Studied how topology can affect representativeness of station values for grid area

 

 

 

 

 

DATA SOURCE AND REGION OF FOCUS
Region of Focus:

 

Schwarz et al (2017) and Schwarz et al (2018) studied station data in regards toresolution required for accurate
reflection of radiation levels in surrounding areas and of land features by captured radiation levels. 

Both studies emphasized the importance of station density and chose their region of choice (Europe) due to its
high station density.

Since the area of focus is the United States, region selected is the red box (left). 5 active stations within this
region collect data (BOS, FPE, SXF, BON, GIM), resulting in high station density within this 30° x 10° grid.

 

Ground Station Data:

Baseline Surface Radiation Network (BSRN) collects and processes data used to validate many satellite data sets

76 total stations worldwide

About 13-15 actively covering continental US

 Number reporting can vary

Each active ground station had different periods of data collection, so made data frame collating all 5 stations’ data

Compiled along the intersection of dates collected

The new data frame shows dates for when all stations collected data or had an entry
Not a Number (NaN) considered a valid entry

Boulder (BOS)'s dates of collection range from 8-1995 to 4-2020 and Granite Island (GIM)'s dates of collection
range from 10-2018 to 12-2022.

All stations had data entries from 10-2018 to 11-2019. Calculations were done referencing an interpolated version
of this table’s compiled information (below).

 

 

Satellite Data:

Satellite data accessed via NASA’s POWER Project AWS DataStore

Time period of focus was October 2018 – November 2019

Data derived from CERES SYN1deg data set

Parameters studied: All Sky Surface Shortwave Downward Irradiance (ALLSKY_SFC_SW_DWN) and
All Sky Surface Longwave Downward Irradiance (ALLSKY_SFC_LW_DWN)

Continental United States mapping data accessed via US Census Bureau’s TIGER/Line shapefiles and related
database (2022 shapefile)

Ground data from BSRN’s ground station collection data sets 

PRELIMINARY RESULTS

 

 

 

 

Satellite vs Ground Data Statistical Analyses: 

 

 

Mean Bias Difference: Measure of systematic difference. A positive value indicates that, on average, the ground
data set tends to record values X w/m^2 larger than the satellite data set.

Median Bias Difference: Measure of central tendency of differences. A positive value indicates that, on average,
the ground data set tends to record values X w/m^2 larger than the satellite data set when looking at the central
tendency of differences.

Skewness: A positive skewness indicates a slight rightward skewness; on average, there tend to be more instances
where the ground data set is recording higher values than the satellite data set. Ranges from 0 to 1. 

Average Fractional Bias Difference: If positive, it suggests that, on average, the ground data set is relatively about
X times higher than the satellite data set. Average fractional bias difference looks at relative magnitude of the
differences. 

RMSE: Measure of average magnitude of the differences between corresponding values in the ground data set and
satellite data set. Typically want a smaller value

NMSE: Measure of agreement between two datasets, normalized against the ground data set’s variance. Ranges
between 0 and 1, and a lower score is better. 

 

DISCUSSION
Results: BSRN Ground Stations Longwave and Shortwave Daily Temporal Patterns (1 Oct 2018 - 30 Nov
2019)

Longwave Ground Data: 

No easily-predictable pattern between stations and their measurements

South → North: Can’t claim equatorward stations have higher levels

Elevation: (excluding FPE) as elevation decreases, DLM levels increase

1000 m difference between BOS and FPE, FPE recorded 3 W/m^2 less

Shortwave Ground Data:

No easily-predictable pattern between stations and their measurements

Can’t claim equatorward relationship

Location= large influence on shortwave radiation, so would expect there to be distinct relationship if no
confounding variables

Can see a relationship based on station elevation and measurements

 

Results: All-Sky Longwave Daily and All-Sky Shortwave Daily Distributions (Satellite vs Ground Data) (1
Oct 2018 - 30 Nov 2019)

Longwave Daily:

Except for Fort Peck, we see that ground stations tend to record higher All-Sky Longwave values
Difference between ground and satellite values tends to vary by less than 20 w/m^2, and in
most places by less than 10 w/m^2

Except for Boulder and Granite Island (NMSE ≤ 25%), agreement between ground station data and
satellite data is good (NMSE ≤ 5%)

Shortwave Daily:

Sioux Falls and Granite Island have ground stations that tend to record lower All-Sky Shortwave values

Boulder, Fort Peck, and Bondville have ground stations that tend to record higher All-Sky Shortwave
values

Here, these values all tend to vary by less than 5 w/m^2

Except for Boulder (NMSE ≤ 15%), agreement between ground station data and satellite data is good
(NMSE ≤ 5%)

NEXT STEPS
Future Work:

Clear Sky Data

BSRN data sets don’t include Clear Sky Shortwave measurements, so need to use an independent data set from
NASA

Data set includes values until 2017, so future analyses will need to include a different time interval for
comparisons

Austin and Houston City Data

Austin and Houston have ground data stations that collect measurements on various solar and dust parameters (via
UT Austin’s Bureau of Economic Geology)

Analyses until now have been over a more general region with varying topography

Focusing on Austin and Houston specifically will aid in analyses focusing on a more compact region and
analyses focusing more on cities

 

STATION VS SATELLITE IMAGES
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