1. INTRODUCTION—D. S. Arndt, J. Blunden, and
R. J. H. Dunn
This is the twenty-seventh issuance of the annual
assessment first known as Climate Assessment and
now known as State of the Climate, published in
the Bulletin since 1996. It documents the status and
trajectory of the many components of the climate
system. By doing so, this report also documents the
status and trajectory of our capacity and commitment to observe it.
Surface temperature and carbon dioxide concentration, two of the more publicly recognized indicators of global-scale climate change, set new highs
during 2016, as did several surface and near-surface
indicators and essential climate variables. Notably,
the increase in CO2 concentration was the largest in
the nearly six-decade observational record.
The relaxation of ENSO from strong El Niño
conditions early in the year to neutral and weak
La Niña conditions late in the year is a pervasive
thread throughout the volume. It is worth repeating in this year’s Introduction that different communities observe ENSO through different lenses
and define ENSO by different metrics. Thus, the
descriptions and values related to the magnitude
and timing of ENSO conditions may vary slightly
from chapter to chapter.
Although the State of the Climate’s findings are
driven by data, its content is built by a community.
As always, we express our deep appreciation to its
nearly 500 authors for their volunteer and expert
contributions. Relative to more traditional journal
articles, authors work on compressed schedules
with considerably less schedule f lexibility. That
such a comprehensive assessment can be assembled
annually is a testament to their dedication and
generosity.
The State of the Climate chapter and technical
editors dedicate weeks, even months, to the effort.
Their leadership continues to evolve this series,
even as some portions of the text draw heavily from
that in earlier years. Returning readers may note the
following changes arising from their ongoing drive
to address a broader swath of the climate system,
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and the reality that some data and authors simply
aren’t available every year. Evaporation over land
surfaces is now addressed in its own section within
Global Climate (Chapter 2d). The global monsoon,
a defining feature of seasonality and a major mode
of variability of Earth’s climate system, is also
addressed in a new section within The Tropics
(Chapter 4e). Tundra greenness replaces river discharge this year in Chapter 5, The Arctic. Chapter 7,
Regional Climates, introduces minor geographical
reorganizations. Most notably, Southeast Asia is addressed more directly than in previous editions, and
several previous sections have been consolidated
into a comprehensive southern Africa section.
Fourteen sidebars are included in this edition.
Collectively and individually, they remind us of
the many connections inherent in the study and
analysis of the climate system. These connections
reach as far as our sibling planet, Mars, and what
we can—and can’t—learn from its climate. These
connections reach far into the ocean, by depth in the
case of Deep Argo, and by latitude in the case of the
Southern Ocean. These connections also reach into
our own humanity, exploring how the language of
those who are native to areas dependent upon sea
ice can inform the science familiar to readers of this
document. Our cover image of a Malawian woman
sowing drought-resistant sweet potatoes ref lects
the dry conditions that prevailed over southern
Africa during the year. It also serves as a reminder
that, beyond the calculations and analyses within
this document, climate and climate variability are
sown into the human experience.
An overview of findings is presented in the
Abstract, Fig. 1.1, and Plate 1.1. Chapter 2 features
global-scale climate variables; Chapter 3 highlights
the global oceans; and Chapter 4 includes tropical
climate phenomena including tropical cyclones. The
Arctic and Antarctic respond differently through
time and are reported in separate chapters (5 and 6,
respectively). Chapter 7 provides a regional perspective authored largely by local government climate
specialists. A list of relevant datasets and their
sources for all chapters is provided as an Appendix.
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ESSENTIAL CLIMATE VARIABLES—J. BLUNDEN, D. S. ARNDT, AND R. J. H. DUNN
Time series of major climate indicators are
again presented in this introductory chapter. Many
of these indicators are essential climate variables
(ECVs), originally defined in GCOS 2003 and updated
again by GCOS in 2010.
The following ECVs, included in this edition,
are considered “fully monitored,” in that they are
observed and analyzed across much of the world,
with a sufficiently long-term dataset that has peerreviewed documentation:
• Atmospheric Surface: air temperature, precipitation, air pressure, water vapor, wind speed
and direction.
• Atmospheric Upper Air: earth radiation budget, temperature, water vapor, wind speed and
direction.
• Atmospheric Composition: carbon dioxide,
methane, other long-lived gases, ozone.
• Ocean Surface: temperature, salinity, sea level,
sea ice, current, ocean color, phytoplankton.
• Ocean Subsurface: temperature, salinity.
• Terrestrial: snow cover, albedo.

ECVs in this edition that are considered “partially
monitored,” meeting some but not all of the above
requirements, include:
• Atmospheric Upper Air: cloud properties.
• Atmospheric Composition: aerosols and their
precursors.
• Ocean Surface: carbon dioxide, ocean acidity.
• Ocean Subsurface: current, carbon.
Terrestrial: soil moisture, permafrost, glaciers
and ice caps, river discharge, groundwater, ice
sheets, fraction of absorbed photosynthetically active radiation, biomass, fire disturbance.
Remaining ECVs that are desired for the future
include:
• Atmospheric Surface: surface radiation budget.
• Ocean Surface: sea state.
• Ocean Subsurface: nutrients, ocean tracers,
ocean acidity, oxygen.
• Terrestrial: water use, land cover, lakes, leaf area
index, soil carbon.

Plate 1.1. Global (or representative) average time series for essential climate variables through 2016. Anomalies
are shown relative to the base period in parentheses although base periods used in other sections of the report
may differ. The numbers in the square brackets that follow in this caption indicate how many reanalysis (blue),
satellite (red), and in situ (black) datasets are used to create each time series in that order. (a) N. Hemisphere
lower stratospheric ozone (March) [0,0,1]; (b) S. Hemisphere lower stratospheric ozone (October) [0,0,1]; (c)
Apparent transmission (Mauna Loa) [0,0,1]; (d) Surface temperature [0,0,4]; (e) Lower tropospheric temperature [3,2,4]; (f) Lower stratospheric temperature [3,3,4]; (g) Extremes [warm days (solid) and cool nights
(dotted)] [0,0,1]; (h) Arctic sea ice extent [max (solid) and min (dashed)] [0,0,1]; (i) Antarctic sea ice extent
[max (solid) and min (dashed)] [0,0,1]; (j) Glacier cumulative mean specific balance [0,0,1]; (k) N. Hemisphere
snow cover extent [0,1,0]; (l) Lower stratospheric water vapor [0,0,1]; (m) Cloudiness [0,8,0]; (n) Total column
water vapor - land [3,1,1]; (o) Total column water vapor - ocean [3,2,0]; (p) Upper tropospheric humidity [0,2,0];
(q) Specific humidity - land [3,0,4]; (r) Specific humidity - ocean [3,1,3]; (s) Relative humidity - land [3,0,4];
(t) Relative humidity - ocean [3,0,2]; (u) Precipitation - land [0,0,4]; (v) Southern oscillation index [0,0,1]; (w)
Ocean heat content (0–700m) [0,0,5]; (x) Sea level rise [0,0,1]; (y) Tropospheric ozone [0,1,0]; (z) Tropospheric
wind speed at 300 hPa for 20°–40°N [4,0,1]; (aa) Land wind speed [0,0,1]; (ab) Ocean wind speed [3,1,0]; (ac)
Biomass burning [0,3,0]; (ad) Soil moisture [0,1,0]; (ae) Terrestrial groundwater storage [0,1,0]; (af) Fraction
of absorbed photosynthetically active radiation (FAPAR) [0,1,0]; (ag) Land surface albedo - visible (solid) and
infrared (dashed) [0,1,0].
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Fig. 1.1. Geographical distribution of selected notable climate anomalies and events in 2016.

