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2.

Main goals of the project, as outlined in the funded proposal

Track tropical cyclones (TCs) in the S2S models. Our dataset of TC tracks will be available to the
scientific community at the end of this project.

Analyze how well the S2S models simulate the climatology of TCs globally and regionally,
considering, TC frequency, genesis, intensity, location, tracks and seasonality.

Determine the skill of the S2S models in reproducing the ENSO-TC modulation, by analyzing the
models’ simulations of ENSO, their relationships between ENSO and TCs, and the models’
ENSO teleconnections.

Determine the skill of the S2S models in simulating the MJO-TC relationship. We will analyze the
models’ MJO and MJO-TC modulation.

Study the dependence of the S2S models’ TC climatology, ENSO-TC and MJO-TC relationships
to model configuration, including model horizontal resolution, ensemble size, model physics,
coupling method and lead time, by analyzing variations in these parameters across the
ensemble of opportunity.

Results and accomplishments

During the period of this grant, we did a in depth assessment of the skill of the S2S dataset
models in forecasting tropical cyclones TCs in subseasonal time-scales. We also analyzed the
skill of the ECMWF monthly hindcasts in forecasting North Atlantic hurricanes. We contributed
to multiple publications on S2S time-scales and led the Ninth International Workshop on
Tropical Cyclones (IWTC-9) report on tropical cyclones in subseasonal time-scales, a meeting
organized by the World Meteorological Organization.

Chia-Ying Lee is the PI (Camargo is co-Pl) of a new NASA grant which will investigate the skill of
the NASA-GEOS model in forecasting TCs in subseasonal time-scales and will examine the
sensitivity of various aspects of the model configuration to improve the model skill.



TC Genesis in the S2S models:

The first comprehensive analysis of TC skill in forecasting TC genesis in the different basis for
the S2S multi-model dataset appeared in Weather and Forecasting in 2018, in a manuscript led
by Chia-Ying Lee (Lee et al. 2018). Here is the abstract of the manuscript, describing the main
results:

Subseasonal probabilistic prediction of tropical cyclone (TC) genesis is investigated here using
models from the Seasonal to Subseasonal (S2S) Prediction dataset. Forecasts are produced for
basin-wide TC occurrence at weekly temporal resolution. Forecast skill is measured using the
Berier skill score relative to a seasonal climatology that varies monthly through the TC season. Skill
depends on models’ characteristics, lead time, and ensemble prediction design. Most models
show skill for week 1 (days 1-7), the period when initialization is important. Among the six S2S
models examined here, the European Centre for Medium-Range Weather Forecasts (ECMWF)
model has the best performance, with skill in the Atlantic, western North Pacific, eastern North
Pacific, and South Pacific at week 2. Similarly, the Australian Bureau of Meteorology (BolM)
model is skillful in the western North Pacific, South Pacific, and across northern Australia at week
2. The Madden-Julian oscillation (MJO) modulates observed TC genesis, and there is a
relationship, across models and lead times, between models’ skill scores and their ability to
accurately represent the MJO and the MJO-TC relation. Additionally, a model’s TC climatology
also influences its performance in subseasonal prediction. The dependence of the skill score on
the simulated climatology, MJO, and MJO-TC relationship, however, varies from one basin to
another. Skill scores increase with the ensemble size, as found in previous weather and seasonal
prediction studies.

TC Occurrence and Intensity in the S2S models:

The second manuscript from this grant continued the analysis analyzing now TC occurrence and
intensity. As part of our analysis we proposed the use of a different calibration method for TC
occurrence, instead of the one being used in previous study, which we showed had issues. The
second manuscript also appeared in Weather in Forecasting and was led by Chia-Ying Lee (Lee
et al. 2020). Below is the abstract of the manuscript:

Probabilistic tropical cyclone (TC) occurrence, at lead times of week 1-4, in the Subseasonal to
Seasonal (S2S) dataset are examined here. Forecasts are defined over 158 in latitude 3 208 in
longitude regions, and the prediction skill is measured using the Brier skill score with reference to
climatological reference forecasts. Two types of reference forecasts are used: a seasonally
constant one and a seasonally varying one, with the latter used for forecasts of anomalies from
the seasonal climatology. Models from the European Centre for Medium-Range Weather
Forecasts (ECMWEF), Australian Bureau of Meteorology, and Météo-France/Centre National de
Recherche Météorologiques have skill in predicting TC occurrence four weeks in advance. In
contrast, only the ECMWF model is skillful in predicting the anomaly of TC occurrence beyond
one week. Errors in genesis prediction largely limit models’ skill in predicting TC occurrence.
Three calibration techniques, removing the mean genesis and occurrence forecast biases, and a
linear regression method, are explored here. The linear regression method performs the best and
guarantees a higher skill score when applied to the in-sample dataset. However, when applied to
the out-of-sample data, especially in areas where the TC sample size is small, it may reduce the
models’ prediction skill. Generally speaking, the S2S models are more skillful in predicting TC
occurrence during favorable Madden-Julian oscillation phases. Last, we also report accumu-
lated cyclone energy predictions skill using the ranked probability skill score.

North Atlantic TC characteristics in the ECMWF Monthly Forecasting System:

The third manuscript focused on the North Atlantic TCs in the ECMWF Monthly Forecasts and
performed a comprehensive analysis of their characteristics, the relationship with the large-scale
environment and various climate modes. This manuscript was led by Camargo and currently



appears as “early online” at Monthly Weather Review (Camargo et al. 2021). The abstract is
below:

In this paper we analyze Atlantic hurricane activity in the European Centre for Medium-Range
Weather Forecasts (ECMWF) Monthly hindcasts for the period 1998-2017. The main
climatological characteristics of Atlantic tropical cyclone (TC) activity are considered at different
lead times and across the entire ECMWF ensemble using three diagnostic variables: the number
of tropical cyclones, the number of hurricanes, and the accumulated cyclone energy. The
impacts of changing horizontal resolution and stochastic parametrization are clear in these
diagnostic variables. The model skill scores for the number of tropical cyclones and Accumulated
Cyclone Energy by lead time are also computed. Using cluster analysis, we compare the
characteristics of the forecast TC tracks with observations. While four of the ECMWEF clusters
have similar characteristics to observed ones, one of the ECMWEF clusters does not have a
corresponding one in observations. We consider the predictability of each of these clusters, as
well the modulation of their frequency by climate modes, such as the El Nifio-Southern
Oscillation and the Madden Julian Oscillation, taking advantage of the very large sample size TC
datasets in these hindcasts.

Review of TCs on subseasonal time-scales

Camargo was invited to lead a group of scientists to summarize the progress in understanding
and forecasting TCs in subseasonal time-scales at the Ninth International Workshop on Tropical
Cyclones (IWTC-9), a meeting organized by the World Meteorological Organization every 4
years. They wrote a report, which was later published at the journal Tropical Cyclone Research
and Review (Camargo et al. 2019). Here is the abstract of the review paper:

Here we discuss recent progress in understanding tropical cyclone (TC) subseasonal variability
and its prediction. There has been a concerted effort to understand the sources of predictability
at subseasonal time-scales, and this effort has continued to make progress in recent years.
Besides the Madden-Julian Oscillation (MJO), other modes of variability affect TCs at these time-
scales, in particular various equatorial waves. Additionally, TC activity is also modulated by
extratropical processes via Rossby wave breaking. There has also been progress in the ability of
models to simulate the MJO and its modulation of TC activity. Community efforts have created
multi-model ensemble datasets, which have made it possible to evaluate the forecast skill of the
MJO and TCs on subseasonal time-scales in multiple forecasting systems. While there is positive
skill in some cases, there is strong dependence on the ensemble system considered, the basin
examined, and whether the storms have extratropical influences or not. Furthermore, the
definition of skill differs among studies. Forecasting centers are currently issuing subseasonal TC
forecasts using various techniques (statistical, statistical-dynamical and dynamical). There is also
a strong interest in the private sector for forecasts with 3-4 weeks lead time.

Review of S2S and TCs:

In collaboration with Andrew Robertson and Frédéric Vitart, Camargo wrote one of the invited
review papers for the AGU Grand Challenges Centennial Collection on S2S prediction, with a
focus on tropical cyclones (Robertson et al. 2020). The abstract of the review paper is:

Demands are growing rapidly in the operational prediction and applications communities for
forecasts that fill the gap between daily weather forecasts and seasonal climate outlooks. Recent
scientific advances have identified sources of predictability on this time range, and modeling
advances are leading to better forecasts. However, much remains to be done to further improve
their skill and to develop new climate service forecast products to help countries and sectorial
decision makers better manage weather risks and extremes and to adapt to climate change. This



paper reviews the history and describes the main challenges and opportunities for the modeling
and forecast-applications communities to improve subseasonal to seasonal (S2S) forecasts and
products, along with current developments catalyzed by the World Weather Research
Programme and World Climate Research Programme's joint Sub-Seasonal to Seasonal
Prediction Project. The case of tropical cyclones is highlighted as an illustrative example of the
points discussed.

4. Highlights of Accomplishments
o Comprehensive analysis of the current state-of-the art models in forecasting tropical
cyclones in subseasonal time-scales.
e Analysis of the main characteristics of North Atlantic TCs subseasonal forecasts in the
ECMWEF Monthly Forecasting System.
e Contribution to multiple review papers on S2S.
e Organization of S2S workshop at Lamont-Doherty Earth Observatory, Columbia University.

5. Transitions to Applications
None
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