
Figure 1: A global overview from
MeteoVis: By visualizing wind
vector fields overlaying water
moisture data, meteorologists can
quickly identify the speed and
direction of moisture flux in the
atmosphere in virtual reality.

Figure 2: A zoom-in view from
MeteoVis: As wind (leftwards
vector fields) from the Pacific
Ocean pushes moisture in the
atmosphere towards the west coast
of North America, record-breaking
rainfall (depicted as heat map in
the right) rapidly accumulates
throughout California near San
Francisco in February 2019.
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Abstract
Modern meteorologists in the National Oceanic and Atmo-
spheric Administration (NOAA) use the Advanced Weather
Interactive Processing System (AWIPS) to visualize weather
data. However, AWIPS presents critical challenges when
comparing data from multiple satellites for weather analysis.
To address its limitations, we iteratively design with Earth
Science experts and developed MeteoVis, an interactive
system to visualize spatio-temporal atmospheric weather
data from multiple sources simultaneously in an immersive
3D environment. In a preliminary case study, MeteoVis en-
ables forecasters to easily identify the Atmospheric River
event that caused intense flooding and snow storms along
the western coast of North America during February 2019.
We envision that MeteoVis will inspire future development
of atmospheric visualization and analysis of the causative
factors behind atmospheric processes improving weather
forecast accuracy. A demo video of MeteoVis is available at
https://youtu.be/pdkXhkTtimY.
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Introduction
Improvement in weather and climate prediction can have a
significant impact on environment, natural resources, infras-
tructure, economy, and public health [2]. Nowadays, meteo-
rologists at the National Oceanic and Atmospheric Adminis-
tration (NOAA) use the state-of-the-art Advanced Weather
Interactive Processing System (AWIPS)1 [12] to visualize
spatio-temporal meteorological data. As shown in Figure 3,
AWIPS presents meteorological data in 2D displays, with
different data sources spread across multiple windows.
However, mentally fusing data from multiple sources with
varying spatial domains comes with a high cognitive bur-
den [16, 4]. To address the limitations of AWIPS, we started
with the following research questions: How can we leverage
virtual reality to efficiently fuse spatio-temporal meteorologi-
cal data? Will 3D visualization of meteorological data assist
in weather prediction and collecting insights? How can we
design a user interface to be approachable and useful for
domain experts inexperienced with virtual reality systems?

To answer these questions, we engaged in a 6-month it-
erative design process with a group of 3 Earth Science
experts to develop MeteoVis, an interactive application to
visualize the spatio-temporal atmospheric data from multi-
ple sources simultaneously in an Oculus VR environment.
We contribute to the scientific visualization and HCI com-
munity by presenting the challenges and initial solutions for
fusing spatio-temporal meteorological data in immersive en-
vironments. We use real-world data and demonstrate the
capability of MeteoVis through a pilot case study with mete-
orologists [15, 14].

Figure 3: Meteorologist Oklahoma
Norman tracks super cell tornado
outbreak using AWIPS, May 5,
2013. NOAA©. AWIPS visualizes
regional meteorological data
across multiple panel window
displays.

(a) Raw ALPW Data

(b) Filled ALPW Data

Figure 4: MeteoVis can assist
meteorological analysis by
inpainting missing regions. (a)
shows a frame of the original
ALPW data with a large region of
missing data over the Atlantic
Ocean. (b) shows the inpainted
data where missing regions have
been filled by interpolating data
from the neighboring time intervals. 1AWIPS: https://www.esrl.noaa.gov/gsd/eds/awips

Data Sources and Related Work
MeteoVis enables users to visualize meteorological data
from several different sources and advances over prior me-
teorological visualization systems.

NOAA Microwave Integrated Retrieval System
Our primary dataset is the Advected Layered Precipitable
Water (ALPW) product [7]. The ALPW product displays
liquid water content in the atmosphere using data from
NOAA’s Microwave Integrated Retrieval System (MIRS)
[1]. Data is estimated in four atmospheric pressure layers:
surface-850 hPa, 850-750 hPa, 700-500 hPa, and 500-300
hPa. Each layer corresponds to an altitude of roughly 1 KM,
2.5 KM, 4.5 KM, and 8KM respectively. Estimated water
content is advected across a 3-hour time interval. Tradition-
ally, time-varying features are displayed with an slideshow-
animation with images from each 3-hour time interval. The
spatially-varying moisture is displayed using a colormap
which highlights higher-moisture areas in more salient col-
ors and lower-moisture areas in less salient colors.

NOAA and NWS students are trained to identify weather
events by analyzing the ALPW product through Virtual In-
stitute for Satellite Integration Training (VISIT)2 at Colorado
State University.

NOAA GOES Geostationary Satellite Server
Our second dataset is from NOAA’s GOES-16 and GOES-
16 Geostationary Satellite Server. We focus on visualizing
three products from the GOES-16 and GOES-17 satellies:
Radiance 3, Cloud Top Height 4, and Derived Motion Winds

2VISIT: http://rammb.cira.colostate.edu/training/visit
3Radiance datasets: https://data.nodc.noaa.gov/cgi-bin/iso?id=

gov.noaa.ncdc:C01501
4Cloud Top Height dataset: https://data.nodc.noaa.gov/cgi-bin/

iso?id=gov.noaa.ncdc:C01505

https://www.esrl.noaa.gov/gsd/eds/awips
http://rammb.cira.colostate.edu/training/visit
https://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.ncdc:C01501
https://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.ncdc:C01501
https://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.ncdc:C01505
https://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.ncdc:C01505


Figure 5: The Advected Layered Precipitable Water Product
(ALPW) visualizes water moisture in the atmosphere at four
different levels. Water moisture is measured in millimeters (mm) of
precipitable water and ranges from 0 mm to 32 mm. Traditionally,
each layer is shown separately in different windows.

5. Data for all three products is available for the full Earth
disk every 15 minutes. The radiance and cloud top height
data are encoded as images in a geostationary projection.
The derived motion winds data is encoded as a list of 5-
dimensional vectors consisting of latitude, longitude, angle,
speed, and pressure. Although all 3 products are available
in 15-minute intervals, they are not reported simultaneously.

Figure 6: MeteoVis renders
volumetric clouds from the GOES
Cloud Top Height Data. We shade
the clouds based on the relative
heights: lower clouds are shaded
in a darker color.

Figure 7: MeteoVis aggregates
and renders wind data as “wind
arrows”. “Wind arrows” are
animated with their movement
speed based on the
spatio-temporal data from GOES
Derived Motion Winds. Their
altitude is estimated from their
pressure. Wind arrows are shaded
based on either their speed or their
estimated altitude.

Global Data Assimilation System
Our third dataset is wind data from NOAA's Global Data
Assimilation System (GDAS)6. We visualize wind data pro-
vided as an (x; y) vector �eld of size 360� 180across the
entire globe. Data is provided in 6-hour intervals along sev-
eral pressure levels from 20 millibars to 1000millibars.

5Derived Motion Winds dataset: https://data.nodc.noaa.gov/
cgi-bin/iso?id=gov.noaa.ncdc:C01518

6Wind data: https://www.ncdc.noaa.gov/data-access/
model-data/model-datasets/global-data-assimilation-system-gdas

Visualization of Meteorological Data
In past decades, computer graphics and scienti�c visual-
ization researchers have investigated visualization of me-
teorological data. The seminal work by Hibbard [8] in 1986
combines perspective, shading, depth precedence, trans-
parency, brightness, shadows, and motion parallax to vi-
sualize the cloud, wind, and radar data. Papathomas et al.
[17] summarize a line of algorithms and applications of 3D
visualization of meteorological data [21, 22, 25]. A recent
survey by Marc et al. [20] covers visualization displays [9],
techniques [13], rendering [11], and visual analysis [24] by
2017. However, few addressed virtual reality visualization.

MetVR [26], is the closest system to our MeteoVis. MetVR
uses volume rendering, particle �elds, and isosurfaces to
visualize temperature, precipitation, and cloud density in a
virtual environment. However, MetVR focuses on weather
at a local scale whereas our development focuses on visu-
alizing meteorological events on a global scale along with
their impacts on local weather.

Visualization Techniques
MeteoVis integrates several visualization approaches to
fuse and display each product in virtual reality and supports
showing multiple products simultaneously. We use Unity
2019 and Oculus Rift for development and case studies.

Atmospheric Moisture Sphere
In early iterations, we focus on visualizing the ALPW prod-
uct. For this product, we develop a dense 3D volume visu-
alization shown in Figure 8 using a custom fragment shader
which performs cubic across the 4 layers. By interpolating
the 4 discrete layers into a volume, MeteoVis allows meteo-
rologists to visualize the data as a single continuous mois-
ture volume. We use the same colormap to represent differ-

https://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.ncdc:C01518
https://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.ncdc:C01518
https://www.ncdc.noaa.gov/data-access/model-data/model-datasets/global-data-assimilation-system-gdas
https://www.ncdc.noaa.gov/data-access/model-data/model-datasets/global-data-assimilation-system-gdas
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