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JPSS-1, known operationally  
as NOAA-20, is one of dozens of  
satellites assisting with OSSEs.

1 A model simulation with high horizontal resolutions (e.g., a horizontal grid size  
of a few kilometers in a global model) whose output is assumed to closely  
represent the true environmental conditions in a statistical sense.

2 A system that combines observational data with model output to  
produce an optimal estimate of the evolving state of the system.

3 A method of weather forecasting that uses mathematical  
models of the atmosphere and related components of  
the Earth system to predict the weather based  
on current weather conditions.

Observing System 
Simulation Experiments
Today and Tomorrow

Brought to you by UNIVERSITY OF ARIZONA | Unauthenticated | Downloaded 05/20/22 07:19 PM UTC

https://doi.org/10.1175/bams-d-19-0155.1


125FEBRUARY 2021AMERICAN METEOROLOGICAL SOCIETY |

A n observing system simulation experiment (OSSE) is a modeling 
experiment used to evaluate the value of a new observing system 
when actual observational data are not available. An OSSE sys-

tem includes a nature run,1 a data assimilation system,2 and software to 
simulate “observations” from the nature run and to add realistic obser-
vation errors. OSSEs have been performed to determine whether a new 
observing system will add value to numerical weather prediction (NWP)3 
and analysis; to make design decisions for a new observing system or net-
work; and to investigate the behavior of data assimilation systems, and 
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thereby optimally tune these systems in an 
environment where the “truth” and hence the 
system’s behavior is known.

OSSEs are essentially an extension of 
observing system experiments (OSEs) that 
determine the impact of existing observing 
systems. While OSEs use real observations, 
OSSEs use simulated data from the nature 
run. They are complemented by forecast sen-
sitivity to observations (FSO; including en-
semble FSO), which are effective techniques 
to simultaneously evaluate the impact of dif-
ferent observation types in a forecast model 
system.

The Weather Research and Forecasting 
Innovation Act of 2017 mandates NOAA to 
use OSSEs to quantitatively assess the rela-
tive value and benefits of their observing ca-
pabilities and systems at NOAA. Accordingly, 
the NOAA Science Advisory Board tasked its 
Environmental Information Services Working 
Group to lead the effort to review OSSE in col-
laboration with the Climate Working Group. 
The team includes diverse members from the 
government, academic, and private sectors.  
The final white paper was submitted to NOAA 
in April 2019 and subsequently forwarded to 
the U.S. Congress.

Brief review of OSSE activities in the 
United States
Since the 1980s, extensive weather forecast 
and analysis OSSEs have been developed 
and conducted, first at NASA Goddard Space 
Flight Center, and later at the NOAA Atlantic 
Oceanographic and Meteorological Labora-
tory, in collaboration with operational data 
assimilation centers, private enterprise, and 
academic partners. These OSSEs  correctly 
determined the quantitative potential for 
several proposed satellite observing sys-
tems to improve weather analysis and pre-
diction prior to their launch, and were used 
in the development of the methodology that 
led to the first beneficial impacts of satellite 
surface winds on weather prediction. The 
current methodology has been accepted na-
tionally and internationally as the way in 
which OSSEs should be conducted in order 
to provide credible results. Today, OSSEs and 
related capabilities exist at NOAA, NASA, 
Naval Research Laboratory (NRL), other na-
tional centers/laboratories, universities, and 
the private sector.

Since 2014, OSSEs in NOAA have been per-
formed under NOAA’s Quantitative Observing 
System Assessment Program. This program 

Diagram show-
ing the different 
components of 
the OSSE system 
at NOAA Atlantic 
Oceanographic and 
Meteorological 
Laboratory. Gray 
shading indicates 
a capability to be 
developed.
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coordinates the assessment of the impact of 
current and new observations across NOAA. 
Its primary objective is to use OSSEs, OSEs, 
and FSO to improve quantitative and objec-
tive assessment capabilities to evaluate oper-
ational and future observation system impacts 
and trade-offs, and then to assess and prior-
itize NOAA’s observing system architecture. 
Besides NOAA, NASA has been conducting 
OSSEs for decades, most recently by the Global 
Modeling and Assimilation Office (GMAO). 
GMAO conducts research into how to properly 
calibrate an OSSE.

NRL conducts OSSEs to help meet the 
mission needs of the U.S. Navy, which re-
quires meteorological and oceanographic 
information to characterize the data-sparse 
battlespace environment to support glob-
al-, regional-, and tactical (or local)-scale 

Schematics depicting retrieval and sam-
pling OSSEs as used in NASA. A retrieval OSSE 
quantifies the degree to which prospective 
measurements provide information on a 
geophysical quantity of interest. A sampling 
OSSE is used to determine whether a can-
didate measurement system has sufficient 
temporal and spatial sampling to address a 
specific science question.
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operations on time scales ranging from min-
utes to weeks. 

Both private sector developers and na-
tional centers/laboratories use OSSEs to 
inform decisions on design alternatives 
for government systems. University efforts 
involve regional and global OSSEs and re-
lated activities, including quick OSSE case 
studies.

Besides OSSEs, operational or research data 
assimilation systems (e.g., at NCEP) can provide 
real-time assessments of the sensitivity of the 
final analysis to collections of observations 
used in the analysis (the FSO method). FSOs 
can also be conducted using ensemble Kalman 
filter data assimilation systems. These methods 
use ensemble perturbations and future ob-
servations to evaluate sensitivity to observa-
tions. For instance, the University of Maryland 
has used ensemble FSO to develop Proactive 
Quality Control (PQC), which is able to identify 
and then delete, for example, the 10% most det-
rimental observations, resulting in large fore-
cast improvements. Combining OSSEs with FSO 
provides more information than OSSEs alone.

Values and limitations of OSSEs
While most OSSEs are done for global satellite 

systems, they can be used to assess new ob-
serving systems for regional scales as well—for 
example, to gauge the value of using dual-po-
larization radar data in weather prediction, as 
well as to evaluate different scanning strate-
gies and network configurations. On the con-
terminous U.S. scale, OSSEs can be used to 
assess the value of increasing the density of 
vertical profiling systems. 

 The reliability and effectiveness of 
OSSEs depend critically on the data assim- 
ilation methodology and the forecast 
models. For example, the NCEP operational 
data assimilation system in 2018 demon-
strated no quantifiable impacts of cloud/
rain-affected satellite radiances, while the 
more advanced European Centre data assim-
ilation and prediction system identified such 
radiances as the most impactful source of  
observations. 

While the use of extreme events (e.g., a major 
hurricane) as truth for OSSEs may have utility 
for understanding specific cases, we strongly 
caution against their use in decision-making 
for observing system design, in that skill scores 
for operational weather models are judged by a 
large number of cases or seasons, and by many 
metrics, not by a single event.

Schematic 
depiction of (left) 
the traditional 
OSSE methodology 
(which, when 
applied to case 
studies, is known 
as the quick OSSE 
methodology) and 
(right) the so-
called historical 
OSSE methodology 
currently being 
explored by NRL.
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Recommendations on potential 
actions related to OSSEs
Our summary recommendations for poten-
tial actions related to OSSEs fall into two 
camps: in the United States, OSSE, OSE, 
FSO, and PQC research efforts  should share 
software tools to avoid duplication, and 
their development should be accelerated, 
particularly to explore regional observation 
impacts, while keeping in mind the potential 
impact of deficiencies in current data assim-
ilation and prediction systems; outside the 
United States, actions are to assess the val-
ue of partnership in satellite remote sensing 
with foreign agencies (e.g., India) and the 
private sector; assist the exploration of strat-
egies for the most effective and efficient ap-
proach for sea ice prediction (including ob-
servations, models, and data assimilation); 
compare the value of satellite deployment 
strategies for weather, climate, and Earth 
system prediction; and help determine the 
greatest new observational needs at NOAA. 
Additionally, OSSE’s approach to evaluating 
should be extended to assess societal im-
pacts of existing observing systems on lives 
and property.

In addition to OSSEs, the aforementioned 
OSE, FSO, and PQC tools should be used in 
concert with the current integrated analysis 
system to determine NOAA’s future observing 
needs.

BAMS: What would you like readers 
to learn from this article?

Xubin Zeng (The University of 
Arizona): We hope the readers will 
learn what OSSEs are, what their 
future direction is, and how one 
can use different types of OSSEs in 
research and decision-making.

BAMS: How did you become inter-
ested in the topic of this article?

XZ: We have been involved in 
tradeoff analyses, and the OSSE 

perspectives are very helpful. For 
instance, we need to quantify what 
types of satellite instruments can 
provide the retrievals of physical 
quantities at the temporal and 
spatial resolutions that are suffi-
cient to address a specific science 
question.

BAMS: What surprised you the most 
about the work you document in 
this article?

XZ: OSSEs could mean different 
things even among Ph.D.-level 

scientists in our field. We hope our 
essay has helped in this regard.

BAMS: What was the biggest chal-
lenge you encountered while doing 
this work?

XZ: This paper was based on a 
committee report with diverse 
membership. The biggest challenge 
was to reconcile the different per-
spectives and provide the consensus 
on OSSEs and the future direction 
in OSSE research.

METADATA

Conclusion
The opportunities—and the public stakes (with 
respect to health and safety and building resil-
ience to hazards; development of renewable 
natural resources; and protecting the environ-
ment and ecosystems)—are currently so great 
and so urgent as to demand a national pursuit 
of all these diverse research and development, 
and technology, transfer paths in parallel 
(rather than in sequence or in isolation). More 
attention to OSSEs and development of their 
potential is needed, but in a manner balanced 
by additional attention to other opportunities 
across the board.

In conclusion, perhaps the greatest benefit 
of research and development on OSSEs goes 
beyond the guidance they can provide by them-
selves with respect to any particular observing 
system development and deployment decision. 
Instead it is about the enriched perspective 
they provide regarding strategic approaches to 
investment in Earth observations, science, and 
services in support of the national agenda. 

It should be emphasized that the discus-
sions and recommendations in this essay do 
not represent the positions or perspectives of 
NOAA nor any other organizations. Also note 
that this essay provides an introductory dis-
cussion of OSSEs, based on the collective ex-
pertise and experience of the authors, rather 
than a comprehensive review of all relevant 
publications and practices.
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